TECHNICAL SOARING, VOL. II, #1

POTENTIAL STRUCTURAL MATERIALS AND DESIGN
CONCEPTS FOR LIGHT AIRPLANES, PART II

L. Pazmany, H. Prentice, C.

Waterman, and F. Tietge

San Diego, California, U.S5.A.

INTRODUCTTIOHN

This four-part paper is based on a
study conducted by San Diego RAircraft
Engineering Company Tor NASE, Mission
Analysis Division, Bmes Research Center,
The complete report of the study was
published as NASA CR-1285, March 1969;

a summary report was published as NASA
CR-73257,

The series of papers presented here
contains material of possible interest
to sailplane designers and builders. The
NASE report CR-1285 is available for sale
through CFSTI, Springfield, Virginia
2P 15T .

Part I was presented in Technical
Soaring, Vol. I, Ho. 4, Bpril 1972, The
remaining two parts of the paper will
appear serially in forthcoming editions
of this publication.

PART IT
EVALUATION OF PROMISTNG

CANDIDATE MATERIBLS

The promising candidates are now
compared on the basis of types of members
and concepts, Composites, which are ani-

sotrepic, require some mention being made
as to allowables wversus fiber orientation.
When these materials, in single-laminate
configuration, are loaded at an angle to
the direction of the fibers, their strength
is reduced considerably. The reduction in
allowable is a function of the angle.
Figure 2 illustrates the effect due to the
low shear transfer capability of the resin
matrix. For this reason, composite sys-
tems are normally found in various com-
binations of fiber-oriented layers. As

an example, a wing skin panel carrying
torsion might require three layers with
the following orientation (see Fig, 1):

Layvers (1) and (3) stabilize the
panel against shear buckling, while layer
(2) resists the direct shear and axial
leading in the panel skin. Figure 2 also
shows variation in strength with several
combinations of fiber orientations.
Figure & indicates wvariation in compression
modulus with change of [ilament direction,
Basic good design practices, when using
laminated structure, are presented in
Fig. 4. Fiber-to-resin matrix proportion
is another important relationship, strength-
wise, A resin-rich composite is weakened -
by the influence of the lower strength
matrix, while a resin-starved composite 15
unsatisfactory because of insufficient
bonding between each fiber, In filament-
wound structures, 70-to-85 percent by
volume is considered normal for fiber
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content. Included in the comparisons, Derivations: =egs WS W
where appropriate, are several composSite
laminate combinations. A summary of the W
basic properties of candidates is pre- A= T w and £ = Keff F
sented in Table I. For more detailed or
added information, see Ref. 1,
To develop curves of -%E— effi-
Tension Members ciency versus Tension Load By ety
Fig. 6 shows weight per inch wversus X F = E
axial leoad (4,000 pounds maximuwn) for the eff © 7 TW/L w
various materials. The ordinate provides
for the use of an efficiency factor which K W P
might be encountered under conditions of eff "L = T (Fig. 6)
riveting or welding.
Symbolss
f = Stress
A = Cross-section area
AXIALLY LOADED MEMBER W = Weight
“ W = Density
f— L K = Efficiency factor
) | eff )
8 1 - F = Smaller of Ptu gr: 1.5 Fty
=
= Simple Columns (assume round tubes)

FIGURE 5
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Structural indexes were used to
assist in the evaluation of promising
candidate materials when applied as sim-
ple columns, As defined in Ref. 4, a
structural index is a measure of loading
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intensity and has the advantage of elim-

inating the effect of size in dealing with

allowable stresses., For a Simplg column,
the structural index becomes P/L4, De-
rivations:

Primary 5 5 5
buckling kc = Tr( 'L)('gff) -Zﬁ_

and crippling

Equating the two equations gives optimum
value of D/t:

Kg g\ 1/3
(D/t) opt s G .._2. =

nE/L
. 1/3
0.742 s
(P/L

[K2 = 0.40 (Ref. 4)]

Fig. 7 plots D/t ratios versus structural
index for the materials under considera-
tion.

Compression Structure

Probably the most detailed and exten-
sive evaluation of structure occurs during
the design of compression critical sections
of the airframe, The section under com-
pression is.generally treated either as a
wide column or a compression panel. The
wide-column approach is used when the
length of the panel is short compared to
its width, as in a multi-rib wing box. A
compression panel ceoncept is assumed when
the length of the panel is long compared
to its width, as in a multi-spar wing box.
To obtain allowable compression stresses
for optimum round tube columns, substitute
the value for optimum D/t in the primary
buckling equation:

5 5
BE~ 6.37 £°

2
P/L” = = = Tt
K. El/2E} J/2 31/25,5/2
i L t

For study purposes, limit £ to
0.80F
oy

The allowable PC
and plotted for
shown in Fig. 8.

may then be calculated
various materials, as

It is now possible to develop a formula
for minimum weight, as follows:
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(1)

density of material:
P (w) /L2
P
C
(2) By substituting -gL- =B & w=
C
W . . . "
iy jaml the following identity is

obtained: WC/LJ =

whore C 1s restraint coefficient,

Divide structural index by
allowable F

and multiply by

p/1.2

Fc/w

3

Values for WC/L3 Versus P/L2 may now be

determined and
materials (see

plotted for a number of
Figs 8,

The wide-colunn analysis assumes

primary buckling between the ribs,

provide simple
of the column.
taken from Ref,

which
supports for loaded edges
The following equation,

5, is a result of equating

general and local instability formulas:

Where:

58 ( :E/ L ) .
WMHMUM WETORT
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- = compressive load in pound/inch

N
L = length of column in inches

T = plasticity reduction factor

E = modulus of elasticity. psi

T = cross-secctional area per unit
width

e = efficiency factor, a function of

buckling coefficient & shape
Tactor

The analysis of compression panels is
based upon all edges of the panel being
simply supported, while plate theory ex-
pressions for local and general stability
are equated to obtain the following equa-

tion:
N
24 =/ s
— = g (t/b ) Where:
bnE
& = width of plate
n = an exponent which is a Tunction

of configuration

In the evaluation of wide-columnn and
compression panel concepts, Truss core
sandwich, honeycomb sandwich, flat plate,
and zee-stiffened plate construction will
be considered for each case.
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Minimum area equations for optimized
wide columns and compression panels of
zee-stiffened plate, flat plate, and truss
coré sandwich construction are presented
in Table II. Efficiency factors, ¢ , were
obtained from Ref., 5, while the plasticity
reduction factor, T , was taken as unity
for all cases.

Minimunm area curves for truss core
sandwich, honeycomb sandwich, flat plate,
and zee-stiffened plate of wide column
and compression panel construction are
shown in Fig. 10 and Fig. 11.

The zee-stiffened plate, flat plate,
and truss core curves were developed from
the data in Table II. Minimun area curves
for honeycomb sandwich were obtained from
Ref, 5. Curves were generated by calcu-
lating typical weights and strengths, and
algebraically converting the results to
the general form of the other configura-
tions. As stated in Ref. 5, the high
efficiency of honeycomb sandwich construc-
tion is attributed tec the fact that the
full compressive strength of face sheets
can be utilized by reducing the cell size
of the honeycomb core.

A panel optimization computer pro-
gram was used in Ref. 3 for evaluating
numerous Ffilament-wound materials in truss
core and honeycomb sandwich construction.
These configurations, in their optimum
proportions of unidirectional to cross-
ply fibers, are pictured in Fig. 12, By
utilizing data from Ref, 3, optimun weight
and corresponding core thickness versus
structural index may be determined for
graphite and S-Glass wide columns and com-
pression panels.

Resulting wvalues are plotted in Figs.
13 thru Fig. 15. Optimized configuration
weights reflect +45° fiber orientation in
the skins for the most efficient align-
ment to react torsional shear. Minimum
skin gages are set at 0.020 inches. Four
failure modes considered were: general
buckling, face wrinkling, intercell buckl-
ing, and shear crimping.

Minimum weight diagrams can alsoc be
developed from minimum area curves in
Fig. 10 and Fig., 11, as follows:

(1) Multiply ordinate T/L by mate-
rial density, w:

wt/L = W/bL2 because W = bLtw,

16

w = W/bLT

(2) Multiply abscissa NX/LE by

material modulus, E:
ENX/LE = NX/L; the weight is

thus presented as a function of

the structural index: Nx/L

(or q/L).

Minimum weights for various materials
and concepts are shown in Fig., 17 and Fig.
18.

In the discussion of sheet stringer-
type wide columns, mention should be made
of extruded Y stringers developed by NACA
(NACE TN 1389) for increasing allowable
stresses in compression structures. Figure
19 compares allowable stress versus
structural index of sheet stringer wide
columns constructed of 2024 and 7075
Y-stringers against a 2024 conventional
stringer envelope.

These same constructions are com-
pared on a weight basis in Fig. 20 which
was derived from optimum stress curves by
dividing Nx/L by Fc and then multiplying
by w to obtain:

(1) (5) (+) -

tw/L = w/bL2
Shear Panels

Wing, fuselage, and empennage skins
on small aircraft (including helicopters)
are of light-gage construction. Loading
intensities due to torsional shear are low
level; therefore, the panels are normally
designed for shear buckling at the l-to-
1.2 g level. This requirement is esta-
blished for appearance purposes, since
the panel itself has ample strength to
carry the ultimate torsienal shear flow
as a tension field member,

Materials for shear panel application
are compared on a thickness basis in Fig.
21. The curves were obtained through a
substitution and division process of the
shear buckling equation for flat plates,
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TABLE II

MR MUY ARCA EQUATIONS FOR OFTIMIZED WIDL COLUMNG

AND COMPRESS1OM PANELS

(Reference 28)
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§ . K E t2 Shear buckling coefficients, K_ ,
Shear buckling: T & 8 for various edge conditions are shofin in
T g ;
| s} Plg. 21,
=N_/t, Compression Flanges
ek Xy
. ) ) In reviewing candidate materials for
Byy T Q= torsional shear flow; use as compression flanges on spars and
similar bending members, the following
Whepe's structur&l_iHQQX wil%lbg applied to re-
present crippling efficiency:
T . = shear stress at which panel
I ' will buckle i VEooE
q = ey c
I K. = shear buckling coefficient .
dependent upon edge conditions g < L E
around panel (see Fig. 22) This rglgtlonshlp is in general
agresment with Needham's equation for
b = short side dimension of panel crlppllng in Ref, 6 and assunes b/t,
flange width to thickness ratio, to
t = panel thickness remain constant,
L = compression modulus of elasti- Crippling structural efficienqics for
2 city candidate materials are illustrated in

Fig, 24. (References on p. 42).
Therefore:

Ksﬂct2 _ Ks:ct3
N/t = = Wy & ~g SHEAR BUCKLING COEFFICIENTS FLAT PLATES
B ’ 14 1 T T f
Obtain structural index (abscissa): ALL €IDES FIXED
_ KBt . 3 12f - .
Nog/b = —%— =KE_ (t/b) LONG SIDES FIXED

b SHORT SIDLS SIMPLY

SUPPORTED
Calculate ordinato: ! LONG SIDES §IMPLY
T SUPPORTED
t/b K. = (}\ly_y/bE)l/3 Kg SHORT SIDES FIXLD

Minimum weights versus structural
indexes for flat plate shear pancl mate-
rials are presented in Fig. 23, Curves 6

were derived by multiplying shear buckl- ALL SIDES S|MPLY

ing equations, as modifigd fqr m%nimum SUPPORTED
thickness form, by material density, w: 2 | : | i
0 o2 .4 .6 .8 1.0
1/3 b
wt/b ,@KS = w (Nxy/bL) -
FF —e] O |
But: W = wabt , w = W/abt
F Where: W = panel weight '
a = long side of panel 1 L :
Thevelfore: ‘
W/b%a = QK = w (N, _/bE)L/ ; FIGURE 22
W/b"a = 5 =W \xy dxy
23
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