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Structural Properties of Superplastically Formed,
‘Diffusion-Bonded Orthogonally Corrugated Core Sandwich Plates

William L. Ko*
NASA Dryden Flight Research Center, Edwards, Callf

A new orthogonally corrugated sandwich structure that can be fabricated by using the superplastic forming-
diffusion bonding (SPF-DB) process is described. Formulas and the associated plots for evaluating the effective
_elastic constangs and the bending stiffnesses for the core of this new sandwich structure are presented. The
structural properties of this sandwich structure are compared with the conventional honeycomb core sandwich
structure under the condition of equal sandwich density. The SPF-DB orthogonally corrugated sandwich core
_has higher transverse shear stiffness than the conventional honeycomb sandwich core, but has lower stiffness in

the sandwich core thickness direction.

Nomenclature

B =nondimensional geometrical parameter associated
with relative displacement & of two ends of sym-
metrical corrugation leg

b =Y (p—/[), one half of horizontal projected length of

circular arcs and straight diagonal segments of
corrugation leg

=bending stiffness per unit width of sandwich core or

solid core

=one half of the length of straight diagonal segment

of corrugation leg

=modulus of elasticity

=vertical load in sandwich thickness direction, per

unit width in corrugation axis direction, applied at
end point of corrugation leg

=length of corrugation flat segment (crest or trough)

=shear modulus

=horizontal load in crest direction, per unit width in

corrugation axis direction, applied at end point of
corrugation leg

h =depth of sandwich structure or depth of sandwich
core

I =(1/12)¢3, moment of inertia, per unit width, of cross

section of corrugation leg segment of thickness ¢,
with respect to horizontal centroidal axis of cross
section

=moment of inertia, per unit width, of unidirectional

corrugation cross section normal to corrugation
axis, taken about the horizontal centroidal axis of
corrugation cross section

! =f+2d+2R0, length of one corrugation leg

D =one half of corrugation pitch (or half wave length of

corrugation)

R =radius of circular arc segments of corrugation leg

t =thickness of sandwich core sheet or sandwich face
sheet

x,y,z =Cartesian coordinates -

¥ =density

1) =displacement of one end of corrugation leg with

' respect to the other end
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6 =corrugation angle (angle between centerline of

straight segment and centerline of corrugation flat
~ segment)

v = Poisson’s ratio

Subscripts

HC =honeycomb sandwich core

SP = SPF-DB orthogonally corrugated sandwich core

Ti =titanium

Al =aluminum

i1 = quantities associated with SPF-DB unidirectionally
corrugated sandwich core

[ 1* =quantities associated with SPF-DB orthogonally
corrugated sandwich core

[7] = quantities associated with honeycomb sandwich
core

c =sandwich core or sandwich core material

s =sandwich face sheets

x,¥,Z2 =associated with x, y, z directions

Superscripts

F =application of vertical loads at ends of corrugation
leg

H =application of horizontal loads at ends of
corrugation leg

Introduction

N recent years, the so-called superplastically formed,

diffusion-bonded (SPF-DB) sandwich structures have
shown potential for future aerospace application, and could
challenge thé present use of conventional honeycomb core
sandwich structures. The usual process for fabricating the
SPF-DB sandwich structure is depicted in Fig. 1. First,
component sheets of superplastic alloy (such as titanium) are
masked using stop-off films at a selected interfacial area
where diffusion bonding is not desired. The component sheets
are then solid-state diffusion bonded inside a containment (or
die cavity) under high temperature and high pressure. Finally,
the diffusion bonded multiple sheet pack is superplastically
expanded inside the die cavity by high internal pressure under
high temperature to give a desired configuration. !?

Superplasticity is the ability of a material to undergo large
plastic deformations [up to 1000% strain for titanium alloys
and up to 4850% for an eutectic lead-tin alloy (Pb-62% Sn
eutectic)3] at high temperatures without localized thinning (or
necking). The sandwich structure formed by the SPF-DB
process will have “‘surface’’ bonding between the face sheets
and the sandwich core instead of “‘line’” bonding as in the case
of ordinary honeycomb core sandwich structures. The typical
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SPF-DB sandwich core'configurations are the unidirectionally
corrugated core (including the truss core), sine-wave core (the
corrugation axis is sinusoidal), dimpled core (egg-carton type
core) and so forth.247

In the unidirectionally corrugated core and the sine-wave
core, the bending and transverse shear stiffnesses are quite
high in the direction of the corrugation axis but very low in
the direction normal to the corrugation axis. The dimpled
core has relatively low out-of-plane bending and transverse
shear stiffnesses in any in-plane direction. In order to
eliminate these structural shortcomings, the author proposes a
new type of SPF-DB sandwich core: the “‘orthogonally
corrugated’’ sandwich core. The new type of sandwich core
consists of two families of unidirectional corrugations
mutually intersecting in the same plane at an angle of 90 deg.
The advantage of this new core is that it offers not only the
high out-of-plane bending and transverse shear stiffness, but
it also carries a considerable share of in-plane normal
loadings and edgewise shear loadings.

The purpose of this paper is to calculate the effective.elastic
constants and the bending stiffnesses for the orthogonally
corrugated SPF-DB sandwich core, and to present graphs for
evaluating the elastic constants and the bending stiffnesses.
These graphs can be used in the comparison of the structural
advantages of SPF-DB orthogonally corrugated core and
conventional honeycomb core.

SPF-DB Orthogonally Corrugated
Sandwich Panel

The four superplastic alloy component sheets used in the
fabrication of the SPF-DB orthogonally corrugated core
sandwich panel are shown in Fig. 2. The interfacial bonding
regions and the interfacial bonding-stopoff regions are shown
clearly. In the upper and lower core sheets, small pressure gas
passing holes are arrayed in such a way that during the
superplastic expansion of the core under internal pressure, the
pressure gas can penetrate to every core cell (or com-
partment).

The SPF-DB expansion process for fabricating the or-
thogonally corrugated core sandwich panel is shown in Fig. 1.
The pile of the four component sheets with stopoffs inserted
at the interfaces (Fig. 1a) are first diffusion bonded inside the
die cavity under gas pressures at an elevated temperature (Fig.
1b). Then the diffusion-bonded multiple-sheet pack is ex-
panded superplastically inside the die cavity under internal
pressure at a high temperature (Fig. 1c). For superplastic
alloys such as titanium, the temperatures for diffusion

Top face
sheet (1)

Diffusion bonding region

2) between sheets 1and 2
Upper core Pressure gas
sheet (2) passing hole
= Stopoff region
b) .
. Diffusion bonding region
Lower core p o between sheets 2 and 3
sheet (3) N /BX{/? =
T
: Stopoff region
c) Pressure gas
passing hole
Bottom face !
sheet (4)-
d Stopoff reg{on Bonding region between

sheets 3 and 4

Fig. 1 Superplastic forming, diffusion-bonding expansion process.

-
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bonding and for superplastic forming are the same.? The final
expanded configuration of the SPF-DB orthogonally
corrugated core sandwich panel is shown in Fig. 3. The core
of this sandwich structure actually consists of a square array
of inverted, hollow, truncated pyramids (formed from the
upper core sheet), staggered and joined together with another
square array of upright, hollow, truncated pyramids (formed
from the lower core sheet) at the edges of their triangular
sides. The resulting orthogonally intersecting corrugated core
can be optimized to one of the high-efficiency structures that
can be generated by using the SPF-DB process. )

In the analysis, both families of intersecting corrugations
are identical symmetrical corrugations, and the corrugation
leg consists of two flat segments, two circular arc segments,
and a straight diagonal segment (Fig. 3). The effect of
pressure gas passing holes is neglected.

Elastic Constants for SPF-DB Orthogonally
Corrugated Sandwich Core

For the case when the planar dimensions (that is, in the x
and y directions) of the SPF-DB orthogonally corrugated
sandwich plate are many times the corrugation pitch, the
sandwich core can be represented by an equivalent continuum
material. The elastic constants evaluated in the following are
the effective elastic constants pertaining to this equivalent
continuum sandwich core.

The effective elastic constants for the SPF-DB unidirec-
tionally corrugated sandwich core are determined in Refs. 6
and 7. By use of the principle of superposition the results of
Refs. 6 and 7 can be used to construct most of the effective

Superplastic

alloy sheetsg

Pile of four component sheets

Gas
Pressure —» comkrofs
/|

W RENEERERRE)

Stopoffs 7

Gas
pressure et/ Superplastic expansion

Fig. 2 Component sheets for superplastically formed, diffusion-
bonded orthogonally corrugated core sandwich panel.

Fig. 3 Geometry of superplastically formed, diffusion-bonded
orthogonally corrugated core sandwich plate.
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elastic constants for the SPF-DB orthogonally corrugated
sandwich core. Let [ ] and [ ]*, respectively, denote the ef-
fective elastic constants for the unidirectionally and the or-
thogonally corrugated sandwich cores. Then

L _ ,
where *=E'=E +E, (1)
t
E,+E,=E, ;L+Ec B Ec;;i (E,>E,) @
G, =2G, —2G°—IThL | e
G, =G =G, +G, (4)
where
E.I ht
Gyt G= — ‘ > +6.5 O
hi(;‘Bf-—2B§1+ h—B;f)
) [4
i/;y—v;x=y;=yzy;yc - (6)
v I :
Vi SV =V = EZ_, hc;cl <] (7)

The symbols B#, B¥, BY, and Bf in Eqs, (2), (5), and (7) are ‘

the nondimensmnal geometrlcal prameters associated with’
corrugation leg end displacements &%, 84, &f, and of,
respectively (see Fig. 4), and are defined as

o 2(d R, If1I
i3 (@m0 15)
Y n) 0 G 2T,

3
(hﬁ) [( - §>(0—sm0)+Esm0(l—cos0)]

",
+ klﬁctc [hi i—f +2hc cos?0+ h% (0+sin9c050)] ®)
=3 () smeost 3 2[5 ()~ ()]
+h5;{h30 2/12 (6~sind)

- h5 (1—cosf) [1— 7}} (1—cos¢9)]}

c [
L /.d. R
i (2 o sinfcosf + —};: sin? 0) =Bf )

=2 (LY soens 5[ (2 (2)]

C’

+k£[2( b) 06— 4— (1- cosB)-{-(}I:) (0~sin0cos€)]

(' [ 4
I d R
+ kﬁctc [Zh—csin20+ h—c (0—sin0cos0)] | - (10)

The remaining modulus of elasticity E} in the z direction is
calculated as follows. If the corrugation leg 00 is not con-
strained by the transverse corrugation 0A0’B, then under the
vertical loading F (per unit width in the z direction) point 0
will move to point 0, (see Fig. 4). The horizontal and vertical
components of the displacement 00,, 6 and 6%, are given in
Eqgs. (27) and (21), respectively, of Ref. 6

8 =[(Fh})/(E.I,) 1B} ' an
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<—6y-| 01 Unconstrained
7_‘__\—“-—\\\\/% deformation
H o=,

Deformed

/-—Undeformed

A

vz

Fig. 4 Deformation of orthogonally intersecting corrugation leg
unit. \

8 = [(Fh})/(E,I,)|Bf (12)

Because of the constraint of the transverse corrugation
0A0’B, point 0 can only move to point 0,. The effect of the
transverse constraint can be achieved by pulling point 0 back
from position 0, to position 0, with the application of a
horizontal loading H (per unit width in the x direction). The
horizontal and vertical components of the displacement 0,0, ,
65’ , and 8, are given by Egs. (11) and (16), respectlvely, of
Ref. 6in the following forms:

o = [(th)/wczc)w;f , )
8 =[(Hh})/(E I, ))BY - (14
The horizontal component of the displacement 00,, 65, is
due to the Poisson’s effect of the transverse corrugation
0AO0’B and can be calculated easily as follows:

8= (Fvch.p)/ (It E,) (15)

From the relation .
8y =0f — ol (16)

it is possible to relate H to Fin the light of Egs. (11), (13), and
(15) by

H=FB}/BY - (v1,p)/ (It hiB)] a7

From Egs. (12), (14), and (17), the vertical component of
the displacement 00,, 07, can be written as

5 =08F —H (18)

Fh3BF BHBF BF ‘
RO R

-~ E.I BHBF BEn, It h BF

[l Sl 4

Because there are two corrugations in the unit cell, the actual
vertical displacement of point 0 will be 63/2.

The modulus of elasticity E} can then be expressed as
follows:

=t )5 1)

E—2EZ/[I~uysz<1—§ﬁ>] @1

BZ4
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utilizing the following relationships:

h, BF p B v, I
=ty =Y L
rTp BE TvT BH’ = BF nt.l @2)

which are given in Refs. 6 and 7. The factor? appearing in Eq.

(21) is caused by the two orthogonally intersecting

corrugations. Because v,, =0, Eq. (21) can be simplified to
E}=2E, /(1-v,v,) @3)

This equation also applies when the core is bonded to the

surface sheets.

Corrugated Core Bending Stiffness

The bending stiffness in the x or y direction of the SPF-DB
orthogonally corrugated sandwich core is practically the same
as the bending stiffness in the x direction of the SPF-DB
unidirectionally corrugated sandwich core (see Fig. 1 of Ref. 6
or 7) because one family of the orthogonal corrugations,
which is transverse to the direction of bending, has negligible
bending stiffness compared with the other family, Wthh is
parallel to the direction of bending.

If D} and Dj denote the bending stiffnesses, per unit width,
of beams cut from the SPF-DB orthogonally corrugated core
in the x and y directions, respectively, then

D;}=D}=~D,=EJ : 24
where D, is the bending stiffness, per unit width, of a beam

cut from the SPF-DB unidirectionally corrugated core in the x
direction®’ and

Iftl( ) 2d3( 1
1 204+ - = 20)
{4hctc + +3h3 sin +4d cos

R 16 R? "R
i[5 90— (-35) -0 ]}
+hc [2 n2 sinf— . 2— 3hc (6 —sind) 25)

N)
kS

1
3

which is the moment of inertia, per unit width, of the
unidirectional corrugation cross section parallel to the yz
plane (see Fig. 1 of Ref. 6 or 7), taken about the horizontal
centroidal axis of the corrugation cross section.

If face sheets are present, the contribution of the bending
stiffness (per unit width of a beam cut from the sandwich
plate) from the two identical face sheets is Y2E ¢t h?, where

E, =modulus of elasticity of the surface sheets (E, is
generally equal to E, for the SPF-DB sandwich
structures)

t,=thickness of the surface sheets

h h.+2t;+t, distance between the middle surfaces of
the face sheets

Numerical Results

In the generation of graphs for evaluating the major elastic -

constants and the bending stiffnesses for SPF-DB or-
thogonally corrugated sandwich cores, the core material is
titanium 6A1-4V alloy having the following physical
properties, which are denoted by ()p;:

E,=E;=11.0316x 10" N/m2 (16 X 106 psi)
G, =Gy, =4.2747% 1010 N/m? (6.2 x 106 psi)
y,=vpy =033

Ye=vr =447 g/cm? (0.161b/in.3)

Graphs. for evaluating the modulus of elasticity E} are
shown in Fig. 5. For a given corrugation crest thickness ¢,/h.,
E? is quite sensitive to the changes of both half-corrugation
pitch p/h, and the corrugation angle 6, and E7} reaches its

.crest length f from
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Fig. 5 Modulus of elasticity E; vs tf/hc, p/h,, and 8 for SPF-DB
orthogonally corrugated sandwnch core; R=t;, v, =0.33.

optimum value when the corrugation crest length becomes
zero (f=0; that is, a triangular truss core). The ‘‘envelopes of
optimum points’’ shown in Fig. 5 correspond to the case when
the crest length tends to zero (f=0).

The variation of shear modulus Gy, with #,/h. and 6 is
shown in Fig. 6. The “‘envelopes of limit points’’ shown in the
figure -correspond to the triangular truss core. For a given
t;/h, and 6, the triangular truss core has the lowest value of

. ;

.

’fhe transverse shear modulus G}, (=G7,) is quite sensitive
tot;/h., p/h,, and 6 (see Fig. 7). The triangular truss core has
the highest value of G},. We note that a slight increase of the
0 (that is, slight deviation from the
triangular truss core into a trapesoidal truss core) will
drastically lower the value of G,.

The bending stiffness D} (= D*) which is normalized by
D =E_(h3/12) (the bendmg stlffness per unit width, of a
solid beam with a depth A,, made of material with the
modulus of elasticity E,) is plotted in Fig. 8. The triangular
truss core appears to have the lowest bending stiffness. This
low bending stiffness is expected because, for a finite value of
f, the crest and trough will act as flanges in resisting the
bending. Thus, if the bending stiffness D} is to be increased
by increasing f, the shear stiffness G}, has to be sacrificed (see
Fxg 7). Therefore, careful choice of the value of fis essential
in optimizing the sandwich core structure properties.
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Fig. 6 Shear modulus G;, vs t;/h,, p/h,, and 0 for SPF-DB or-
thogonally corrugated sandwich core; R=1.
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Fig. 7 Shear modulus G}, (=G, ) vs t;/h,, p/h,, and 0 for SPF-DB
orthogonally corrugated sandwich core; R= .

Comparison with Honeycomb Sandwich Core

The comparison of stiffness of the SPF-DB orthogonally
corrugated sandwich core and the honeycomb sandwich core
is based on the condition that both types of sandwich cores
have the same density and the same core depths. The SPF-DB
orthogonally corrugated core chosen for comparison has right
triangular corrugations (i.e., # =60 deg, f=0, a high stiffness
configuration). The elastic constraints E7, G}, G}, (=Gp,),
and the bending stiffness D} (=D}) for this typical con-
figuration are obtained from Figs. 5 to 8 and are plotted
against the corrugation crest thickness tr/h, in Fig. 9. The
honeycomb core (see Fig. 10) picked for comparison is a

AIAA JOURNAL
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I 46 8 10 17 T4 16
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points (f =0)
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Fig. 8 Bending stiffness D¢ (=Dj) vs t;/h,, p/h,, and 6 for SPF-
DB orthogonally corrugated sandwich core; R = ¢

typical one used in high-speed aircraft and has the following
geometrical parameters:

(t;/he) e =0.0147,  (f/h,) e =0.4053 (26)

(P/h.) ye =0.9825,  (I/h,) ye =1.5600, (8) yc =60 deg

@n

The material used for the honeycomb sandwich core can be
either titanium or aluminum. For aluminum, the following
physical properties, denoted by (),,, are used:

E =E, =6.8948x 10! N/m? (10 x 10° psi)
G.=G, =2.7579%10'° N/m? (4 x 106 psi)
v.=v,y=0.36 -

Ye=Ya=2.77 g/cm3 (0.1001b/in.3)

The honeycomb sandwich core is made up of numerous
unidirectionally corrugated strips joined together at the
corrugation flat segments, with corrugation axis oriented
normal to the sandwich middle surface (see Fig. 10).
Therefore, the effective elastic constants £, G,,, and G, of
the honeycomb sandwich core can be obtained easily from
Ref. 6 or 7 if the coordinate system in Fig. 1 of Ref. 6 or 7 is
changed to fit the coordinate system in Fig. 10, and if the core
sheet thickness is uniform (i.e., ¢, =1,). The honeycomb
sandwich core bending stiffnesses D, and D, can be
calculated easily from the following formulas:-
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Fig. 9 - Elastic constants and bending stiffnesses vs #;/h for SPF-DB Fig. 11 Elastic constants vs ¢;/h, for honeycomb sandwich core.
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where 7 is the depth of the honeycomb sandwich core (see Fig.
10); E,, E, are the effective moduli of elasticity; and »,,, v, 6x10°2;
are the effective Poisson’s ratios of the unidirectionally r
corrugated core, all of which can be found from Ref. 6 or 7.
E,, G, G, for corrugation angle 6 =60 deg, and the bending
stiffnesses D,, D, are plotted against the sandwich core
thickness ¢,/h, for a condition (p/h )y =0.9825 [Eq. (27)]
and are shown in Figs. 11-13. In the plots, both D, and D, are
normalized by D, = E_ (h?/12), the bending stiffness, per unit
width, of a solid beam with depth # made of material with
modulus of elasticity £,.. Because D, is independent of f and
D, is insensitive to the change of f, in plotting Figs. 12 and 13,
f1s set to zero.

Let ()gp and ()yc denote the quantities associated with the -
SPF-DB orthogonally corrugated sandwich core and the
honeycomb sandwich core, respectively. The density of the
SPF-DB orthogonally corrugated core v can be written as

Ysp =2(tp/h ) sp¥mi : (30) 4 | 0.0147 (Typical honeycomb)

2x10 . ! L L L "
. . o0 @ 8 s .05 06 .07 .08
and the density yye of the honeycomb core can be written as tfh,

Yuc = LD 7 (hD) lucy. €2))] Fig. 13 Bending stiffness D, vs1,/h, and 6 for honeycomb core.
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Table1 Elastic constants and bending stiffnesses for titanium honeycomb core and for SPF-DB titanium 6rthogonally
corrugated core (ygp =vyc)

SPF-DB titanium orthogonally

Titanium honeycomb core® . : corrugated core® Osp /( Yuc
8=60deg ~
E;,N/m? (psi) 23.17x 108 E:,N/m? (psi) ' 13.20x 108 0.57
. (33.60x 10%) , : (19.20x 10%)
e N/m? (psi) 3.85x 108 G}, N/m? (psi) 4.39 % 108 1.14
_ \ (5.58 x 10%) (6.37x 10%)
G, N/m? (psi) 4.02x108 G?,., N/m2 (psi) 4.39x 108 1.09
_ ' (5.83 x10%) (6.37 x10%)
D, , N/m (in./Ib) 24.41 x 102 D}, N/m (in./Ib) 17.02x 102 0.70
~ (21.60x 10%) (15.07x 10%) :
Dy, N/m (in./1b) 2.71x 102 D}, N/m (in./1b) 17.02 x 102 6.28
. (2.40%x10%) (15.07x 10%)
0=45deg 0=60deg
D,, D,,N/m (in./1b) 7.68x 102 D}, D}, N/m (in./1b) 17.02 x 102 2.22
(6.80% 103) . (15.07x 10%)
21p/h, =0.0147, 1, =0.4053, A=2.54x10 "2 m (tin.). Ptp/h, =0.0117, f1h =0, h,=2.54x 10 ~2 m (1 in.).
Table2 Elastic constants and bending stiffnesses for aluminum honeycomb core and SPF-DB titanium
orthogonally corrugated core (ysp = vgc) ‘
SPF-DB titanium orthogonally .
Aluminum honeycomb core? corrugated core® Osp/Ouc
0=060deg
E,, N/m? (psi) 14.48 x 108 E?, N/m? (psi) 9.27x 108 0.64
~ (21.00x 10%) - (13.44x10%)
22 N/m? (psi) 2.48x 108 G;,» N/m? (psi) 3.25x 108 1.31
_ (3.60 % 10%) (4.71 x 10%)
G, N/m? (psi) - 2.59% 108 G2, N/m? (psi) 3.25x 108 1.25
_ (3.76 x 10%) 4.71x10%)
D,, N/m (in./Ib) 15.25x 102 D}, N/m (in./Ib) 12.05 x 102 0.79
_ (13.50x 103) (10.67x103)
D, N/m (in./Ib) 1.69x 102 D}, N/m (in./Ib) 12.05x 102 7.13
(1.50x 103) (10.67x103%)
0=45deg 0=60 deg
D,, D,,N/m (in./Ib) 4.80x 102 D}, D}, N/m (in./Ib) 12.05x 102 2.51
(4.25%x103) (10.67x103)

31/h,=0.0147, f/h, =0.4053, h=2.54x10~2m(lin.). "ts/h,=0.0073, f/h. =0, h,=2.54x10 " m (1 in).

For the equal-density condition ygp =7H¢; Egs. (30) and (31)
can be combined to- give the relationship between the
geometrical parameters of the two types of sandwich cores

()2 Gio)
h./se 2 \ph,

With Eq. (32), the given honeycomb sandwich core geometries
[Egs. (26) and (27)], and the given material properties, the
crest thickness of the SPF-DB orthogonally corrugated
sandwich core can be determined as

e
HC YTi

(32)

(¢;/h,) sp=0.0117 33)
which corresponds to titanium honeycomb sandwich core
[(¢s/h,) ic =0.0147], or

(¢;/h.) gp =0.0073 (34)
which corresponds to aluminum honeycomb sandwich core
[(¢;/h.)uc =0.0147]. Conditions given in Eqgs. (26), (33), and
(34) can then be used to find from Figs. 9 and 11-13 proper
values of effective elastic constants and the bending stiff-
nesses of the two types of sandwich cores. The results are
shown in Tables 1 and 2. The values of the bending stiffnesses
in the tables are for the sandwich core depth of 2.54 cm (1

in.). Notice that in Tables 1 and 2 the bending stiffnesses for

two cases of honeycomb sandwich core configurations (i.e.,

6=60 and 45 deg) are shown. In the comparison of structural

properties, the corrugation angles 0 for the two types of

sandwich cores do not have to be equal. The SPF-DB or-

thogonally corrugated core has higher transverse shear

stiffness than the honeycomb core (titanium or aluminum),

but is less stiff in the sandwich thickness direction. We also

notice that the moduli of elasticity E} and E, are quite small

(compared with the solid core) and cannot be regarded as-
infinite as in conventional plate analysis. Because of these low

values, swelling modes of vibrations (where the two face

sheets oscillate in opposite directions) could be excited under'
aerospace service conditions (such as -jet noise and high-

frequency flutter) and cause fatigue cracks to grow at the

face-sheet/core bonding sites. The value of bending stiffness

D} (=Dj) in the tables is about 16-18% of the bending

stiffness of the face sheets if ¢, equals ¢, and the two face
sheets are set apart by 2.54 cm (1 in.).

N Concluding Remarks

The geometry and fabrication process of a new SPF-DB
orthogonally corrugated sandwich core is discussed, and the
formulas and associated graphs for evaluating the major
elastic constants and bending stiffnesses of this new sandwich
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core are presented. If the length of the crest or trough is in-
creased, the bending stiffness of the sandwich core can be
improved; however, the transverse shear stiffness is greatly

reduced. For the same sandwich core densities and the same -

sandwich core depths, the SPF-DB orthogonally corrugated
sandwich core with right triangular corrugations has higher
transverse shear stiffness than the conventional honeycomb
sandwich core (titanium or aluminum), but has lower stiffness
in the sandwich core thickness direction.
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