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A cormgated punel stnrturr for supporting compres- 
sive lords includes curved cap strips 22 separated by 

mcnts38arcfonncd fromfintand second fl.t p.nels32 
and 34 with a corrng.tcd filler 36 tbac&twa. The 
conu#cd fiaer 36 UteDdS in the direction of the com- 

ity for the compressive load. As a rrsult, all components 
of the punel stnrturr have a compressive load carrying 
capability rrsulting in a high strrngth-to-weight ratio 
wbm the comprrssive load is limiting. 

[57l ABsTRAcr 

trnsscorr web ScgrDaIts 30. The trrpscore web seg- 

prrssive 1 0 4  thereby providing load carrying capabil- 
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there is considerable inefficiency and potential room for 

In the beaded-web, curved-cap structure, the cap 
strips 22 carry the compressive load. The thickness-to- 

5 width ratio and the edge restraint of the cap strips 22 
determine the ability of the cap strips 22 to resist local 
buckling. The beading in the web 20 helps prevent local The invention described herein was made by employ- 

ees Of the United States Government and may & manu- buckling in the web 20 while allowing maximum separa- 
and used by Or for the Government for govern- tion between the strips 22. The separation between the 

mental p u ~ s e s  without the pawent Of any royalties 10 cap strips determines the stiffness of the corrugation 
thereon or therefor. structure to resist overall buckling. The bead depth d 

(FIG. 1) helps provide edge restraint for the cap strips 
22, but introduces load discontinuities due to the varia- 
,A.. ..”.. :.. “a rL- b115 auvuni ---.- 

TRUSS-CORE CORRUGATION FOR improvement. 
COMPRESSIVE LOADS 

ORIGIN O F  THE INVENTION 

BACKGROUND OF THE INVENTION 
1. Field of the Invention ...- y r G ~ ~ ~ b  ;uvcniion reiates to a structure for sup- 15 by the beaded web 20. 

of [ne cap stnp 22 which is supported m- 

porting compressive loads with a high strength-to- 
weight efficiency and, more particularly, to a structure 
which Can be used in the fuselage of a rocket or aircraft 
or to form fuel tanks. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 

structure for a compressive loading limited application 
2. Description of the Related Art 20 having a high strength-to-weight structural efficiency. 
In applications where it is desirable for a structure to A further object of the present invention is to provide 

be as light as possible while withstanding relatively high a cap-web corrugated panel in which the web portion of 
loads, e.g., in an aircraft or rocket, many types of struc- the panel is load carrying. 
tures have been used. In the prior art, the highest eff- Another object of the present invention is to provide 
ciency structure for carrying a compressive load utilizes 25 a cap-web corrugated panel having caps with high local 
a corrugated panel construction. This structure is illus- buckling strength. 
trated in FIGS. 1-3 and includes beaded-web corruga- A further object of the present invention is to provide 
tion 20 bonded to cap strips 22 at uncormgated regions a capweb corrugated panel with no load discontinuit- 
or “flats” 24 at bond lines 26 (FIG. 2). As illustrated in ies. 
cross-section in FIG. 3, the corrugated portion of the 30 An additional object of the present invention is to 
beaded web 20 has an undulating or sinusoidal croa- provide a cap-web corrugated panel in which the web 
section. segments provide a continuous straight support for the 

The beaded web 20 is typically superplastic formed of edges of the caps. 
diffusion bonding The above-mentioned objects are obtained by provid- 

described in 35 ing a corrugated panel structure for supporting a corn- 

curved cross-section* and trusscore web segments* 

40 web segment having a sandwich construction and in- 
cluding first and second flat panels parallel to the length 
direction and a corrugated filler. bonded between the 
first and second flat panels, extending in the length 
direction with a 

thin sheets with 
(SPF/DB) to the curved cap strips 22. 
U.S. pat. No. 4,292,375, the SPF/DB method of 
cation utilizes two inherent phenomena which tend to 

phenomenon is the ability of a such as titanium 

p r a i v e  load in a length direction, comprising cap 
Strip, extmdhg in the length direction and having a 

bonded to and separating the cap strips. each 
occur concurrently in, e.g., titanium alloys. me first 

alloy, to undergo large, up to 1,OOO percent strain, plas- 
tic deformations at high temperatures without localized 
thinning, or necking. This phenomenon often is referred 
to as superplasticity. The second phenomenon relates to cross-section. the Of being joined under pressures at ele- 45 In a preferred the first and second flat 

panels of the trusssore web segment are offset in a without Or the use Of bond- 
ing agents. which is referred to as diffusion bonding. width direction perpendicular to the length direction, 

thereby forming a first extension of the first flat panel illustrated in FIG. 1 may have an overall thickness of which extends beyond the second flat panel at one side 
two to three (2-3) inches from the top Of a curved cap 50 of the truss-core web segment and a second extension of 

may have thicknesses of two to five (2-5) mil and thirty In this embodiment, the first and second panels each 
to sixty (3(1-60) mil, respectively. Since FIGS. 1-3 are include a flange, formed on one of the first and second 

to scale for the above “optimized de- 55 extensions, for bonding to the cap strips. If maximum 
Sign”, a good approximation for other dimensions can strength is desired and the corrugated panel is protected be obtained from FIGS. 1-3. by, e.g., a heat shield, the cap strips are preferably con- 

In this “optimized designs”, the beaded-web material vex, i.e., formed with a first side bonded to the truss- 
20 accounts for two-thirds Of the t O t d  Structural Illass. Core web segments and with the curved cross-section of 
The web material 20 is beaded so that it provide a load 60 each of the cap strips foming an apex on a second side 
carrying capacity in a direction PFndicular  to the opposite the first side. A slight amount of structural 
compressive load and the “flats” to which the cap strips strength can be traded for increased damage resistance 
22 are bonded are SO thin they provide an insignificant by forming concave cap strips, i.e., SO that each of the 
m ~ o u n t  of bad carrying capability. Consequently, 67% cap strips has an apex between two of the truss-core 
of a beaded-web, curved-cap corrugation structure. 65 segments. With concave cap strips, increased rotational 
constructed as described above, carries very little of the stability of the cap strips can be provided by crimping 
compressive load. When the compressive loading is the cap strips to form third and fourth extensions on 
limiting, there is considerable inefficiency and limiting, each of the cap strips, each of the third and fourth ex- 

In an Optimized the 

22 On One side to the top of another cap 22 curved in the 
Opposite The beaded-web zo and cap strip 22 

the second flat panel which extends beyond the first flat 
p a e l  On an opposite side ofthe truss-core web segment. 
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J 
tensions bonding to the outside of one of the first and 
secollcl panels of one of the trusscore web segments, 
where the inside of the fvst and second panels is bonded 
to the corrugated tiller. 

These objects, together with other objects and advan- 5 
tages which will be subsequently apparent, reside in the 
details of construction and operation as more fully here- 
inafter described and claimed, reference being had to 
the accompanying drawings forming a part hmof, 
wherein like reference numerals refer to like parts 10 
throughout. 

BRIEF DESCRIPnON OF THE DRAWINGS 
FIG. 1 is a Perspective view of a prior art beaded- 

web corrugated & 15 
FIG. 2 is a cmsection view, taken along line 2-2 

of FIG. 1, illustrating the bonding of the edge of a cap 
strip beaded-web corrugation in the prior art; 

FIG. 3 is a CTOJS-SeCtiOll view, taken along linc 3-3 

FIG. 4 is a perspective view of a corrugated panel 
according present invention; 

FIG. 5 is a Perspective view of a single trosscorr 
web segment used in a corrugated panel according to 
the present inventioq 25 

FIG. 6 is a plot of structural efficiency curves for two 
prior art structorrs and two tmss-core cormgations 
according to the prcpent invention; 

FIG. 7 is a perspective view of a straight section of a 
corrugated panel according to a first embodiment of the u) 
present invention; and 

FIG. 8 is a perspective view of a straight section of a 
corrugated panel according to a second embodiment of 
the present invention. 

D-ON OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 4 and 5, according to the present 
invention, the curved cap 22 is supported by a truss- 
core web segment 30 instead of the beaded web So. As 40 
illustrated in FIG. 5, the trusscore web segment 30 is 
formed from an inner flat panel 32 which is separated 
from an outer flat paad 34 by a corrugated filler 36. As 
illustrated in FIG. 4, the corrugations in the filler 36 
extend in the direction of loading and thus are capable 45 
of carrying part of the compressive load. The corru- 
gated filler 36 may have a substantially saw-tooth cross- 
d o n .  as illustrated in FIG. 5 or a more sinusoidal 
cross-section. 

ment 30 are preferably offset in the width direction 
(perpendicular to the length direction of the comprcs- 
sive load), so that each p e l  has an extension 37 extend- 
ing beyond the adjacent panel. Each of the atensions 
37 joins a cap strip 22 at a tlange 38 OIL a side of the cap 55 
strip 22 which is opposite the apex 39. Thus, the truss- 
core web segment 30 provides rotational restraint for 
the cap 22 without any load discontinuities as in the 
prior art beaded-web, curved-cap structure illustrated 
in FIG. 1. The truss-core web 30 provides significantly 60 
more stiffness to support the edges of the cap strips 22, 
thus greatly improving the local buckling strength of 
the caps 22. 

The significant advantages of the present invention 
over prior art structures are indicated in FIG. 6 which 65 
compares the strength-to-weight efficiency of various 
panel constructions under compressive loading qn a 
log-log graph. The ordinate is a mass coefficient t/L. 

in Fi 1 illustrating the beaded-web in the prior art; 20 

35 

The flat panels 3 2 d  34in each truss-core web seg- u) 

4 
where i is a mass equivalent thickness and L is the 
length of the span, e.g., 30 inches. The abscissa is a 
strength coefficient N E L  which is determined for a 
panel with material modulus E transferring a compres- 
sive load per unit width N over a span of length L. The 
most efficien: panel for a given load will have the low- 
est value of t/L. The line “yield (0.008)” indicates the 
upper limit of a structure’s load carrying ability without 
yielding or buckling. 
As depicted in FIG. 6, trusscore corrugation struc- 

turcs have signiiicaatly lower mass coefficients for cer- 
tain dimensions and load coefficients, compared to both 
beaded-web corrugation and a 1.5% honeycomb struc- 
ture which is presently in usc in some applications A 
tmss-corc c o w t i o n  structure with a musscore depth 
(d) of 0.25 inches and a trUSECOre with flat panels and 
inner corrugation formed from foil with a thickness 
(tmg) of 0.005 inches (5 mil) has a lower mass coeffici- 
ent than the beaded-web corrugation at higher loads, 
whik the trusscore corrugation with d=0.125 inches 
and tmg=O.002 inches is substantially lower than the 
beaded-web corrugation over a wide range of loads. 

The -ore corrugation structure illustrated in 
FIG. 4 can be repeated to form a structure of any de- 
sired width, or with gradual m a t u r e  to form a contin- 
uous cylindrical housing or shell such as that used in a 
fkiclagc or fuel tank. A straight shucturc containing 
several cap strips 22 and trusscon scgments 30 is illus- 
trated m FIG. 7. 

In addition, the cap strip f2 can be modified to pri, 
vide additional stability. FIG. 8 illustrates a group of 
several modiiied cap strips 22’ having a concave surf- 
with an apex 39’ between two trusscorr segments 30, 
instead of the convex surface illustrated in FIGS. & S  
and 7. The modified cap strips 22’ include crimptd 
edges forming extensions 40 which further stabilii the 
cap edges against rotation. The concave curvature of 
the cap strips 22’ improves the damage resistance of the 
structure, although slightly reducing the load capaciiy. 
Thus, the structurr illustrated in FIG. 8 would be used 
primarily where insuffcient protection is provided by 
an outer skin surrounding the corrugation. 

The foregoing is considered as illustrative only of the 
pMciples of the invention. Further, since numerous 
modifications and changes will readily occur to these 
skilled in the art, it is not desired to limit the invention 
to the exact construction and applications shown and 
described, and accordingly, all suitable modifications 
and equivalents may be resorted to, falling within the 
scope of the invention and the appended claims and 
their equivalents. For example, either or both of the 
trusscore web sections 30 and the metal cap strips 22 
may be metallic. metallic with composite reinforcement 
or non-metallic materials, such as fibrous composite 
materials. 

what is claimed is: 
1. A corrugated panel structure for supporting a com- 

pressive load in a length direction, comprising: cap 
strips extending in the length direction, having a curved 
cross-section; and 

truss-core web segments, bonded to and separating 
said cap strips in an open cross-section arrange- 
ment each truss-core web segment having a sand- 
wich construction, including first and second flat 
panels parallel to the length direction and a corru- 
gated filler, bonded between said first and second 
flat panels, extending in the length direction with a 
non-linear cross-section. 
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said first flat p i e l  ;hereby including a first extension 2o 
extending beyond said second flat panel at one side of 
each of said truss-core web segments and said second 
flat panel including a second extension extending be- 
yond said first flat panel at an opposite side of each of t5  
said truss-core web segments. 

7. A cormgated panel structure as recited in claim 6, 
wherein said first and second flat panels each have an 

inside and an outside, the inside being bonded to 
said cormgated filler, and 30 

wherein each of said cap strips include third and 
fourth extensions, each bonding to the outside of * . * * .  

c J 
2. A corrugated panel structure as recited in claim 1, 

wherein said corrugated filler has a substantially saw- 
toothed cross-section. 

3. A corrugated panel structure as recited in claim 1, 
wherein said corrugated tiller has a substantially sinu- 
soidal cross-section. 

4. A corrugated panel structure as recited in claim 1, 
wherein said cap strips have a first side bonded to said 
trusscore web segments and the curved cross-section of 
each of said cap strips forms an apex on a second side 
opposite the first side. 

5. A corrugated panel structure as recited in claim 1, 
wherein the cross-section of each nf r i d  crp strips hiis 
an apex formed between two of said truS9-core seg- 
ments. 

6. A corrugated panel structure as recited in claim 1, 
wherein said first and second flat panels are offset in a 
width direction perpendicular to the length direction, 

6 
one of said first and second panels of one of said 
truss-core web segments. 

8. A corrugated panel structure as recited in claim 6, 
wherein said first and second panels each include a 
flange, formed on one of said first and second extensions 
of said first and second panels, for bonding to said cap 

9. A corrugated panel structure as recited in claim 8, 
wherein said cap strips have a first side bonded to said 
trusstore web segments and the curved cross-section of 
each of said cap strips forms an apex on a second side 
opposite the first side. 

10. A corrugated panel structure as recited in claim 8, 
wnerein the cross-section of each of said cap strips has 
an apex formed between two of said truss-core wg- 
ments. 

11. A corrugated panel structure for supporting a 
compressive load in a length direction, comprising: 

cap strips extending in the length direction, having a 
curved cross-section with an apex; and 

truss-core web segments, bonded to and separating 
said cap strips, the apex of the curved cross-section 
of each of said cap strips being formed between 
two of said truss-core web segments, each of said 
truS9-core web segments having a sandwich con- 
struction, including first and second flat panels 
parallel to the length direction and a corrugated 
filler, bonded between said first and second flat 
panels, extending in the length direction with a 
non-linear cross-section. 

strips. 
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