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INTRODUCTIOHN

This four-part paper is based on a
study conducted by San Diego Aircraft
Engineering Company for NASH, Mission
Analysis Division, fmes Research Center,
The complete report of the study was
published as NASAH CR-1285, March 1%
summary report was published as I
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
d $3.00 through CFSTL, Springfield,
Virginia 22151.

The remaining threes parts of the
paper will appear serially in Technical
Sparing.

PART T

POTENTIAL STRUCTURAL MATERIALS

This article concerns the investiga-
tion of a wide variety of structural
materials applicable in the design of
light aircraft (including helicopters)
during the next five to 15 years, Mate-
rials available in [ive years are classi-
fied near-term, Those available 15 years
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from now are considered far-term. High-
priced near-teprm materials are also Coni-
sidered as lar-term, anticipating cost
reductions during the next 15 years,

The objective of this investigation
was to determine, from the initial compila-
tion, a 1list of promising candidate mate-
rials based on parameters involving
strength, stiffness, weight, and raw
material cost.

Candidate materials will be further
evaluated in subsequent chapters against
such parameters as design-concepl compati-
bility, method of joining, fatigue,
formability, and costs relating to fabri-
cation.

Faterials were first selected from
the broad spectrum of the various types
available, In the beginning, an eflfort
was made to pick representative examples
from each type, basing the selection on
one or more of the following character-

istics:
(1) Accepted use in present-day
aircraft construction,
(2) Low density.
(3) Low material cost:

Not always an important factor
because fabrication costs can
be far more significant.




(4) High stiffness:

Many areas of light aircraft
and helicopter structures are
designed for stiffness. This
takes precedence on static
strength requirements.

(5)
(6)

High strength.

Weldability, brazability,
bondability:

Inasmuch as present-day fabri-
cation methods such as riveting
contribute considerably to the
overall cost of the finished
product, a number of potential
materials lending themselves to
welding, brazing, and/or bond-
ing were included,

Minimum maintenance,

(7
(8) IMaterials exhibiting good cor-
rosion resistance to datmospheric
environments were considered.

Tables T and IL tabulate the initial
selection of materials, together with
their pertinent properties,

In evaluating the initial selection
of materials, structural efficiencies
were determined for comparison purposes,
These structural efficiencies are:
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from now), the projected cost 15 vyears
from now will be used., Comparative
structural efficienciss are also pre-
sented in Tables T and IIL.

Material Costs

Material costs, in dollars per pound,
were determined by using price informa-
tion obtained from the following companies:
Steel - Ryerson & Sons, Los lngeles

y 2 g 2
California
Republic Steel, Los hngeles,
California
Aluminum - Aluminum Company of America,
San Diego, California
Magnesium - The Dow Chemical Company,
Los Angeles, California
Titaniwn - Reactive Metals, Inc.,
Los Bngeles, California
Beryllium - Beryllium Metals & Chemicals
Corp., New York, New York

Plastics -
(Rein-
forced)

Whittaker Corp. (Narmco
Division), San Diego,
California

Owens-Corning Fiberglas Corp.,
New York, New York

General Dynamics/Convair,

San Diego, California

Goodyear Aercspace Corporation,
Akron, Ohio

Plastics

(Unrein-
2 forced)
tu

Tension =
i

Colunn =

Shear Buckling =

wWoods

Cach structural efficiency was also
divided by the material cost to obtain
additional comparisons, In the case of
far-term materials (to be used L5 yedpre
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whittaker Corp. (Marmco
Division), San Diego,
California

General Electric (Chemical
FMaterial Dept), Pittsfield,
Hassachusetts

U.5, Rubber Company,
Chicago, Illinois

DuPont (Textile Fibers Dept),
Wilmington, Delaware
Borg-Warner (Marbon Chemical
Division), Washington,

West Virginia

Fibertite Corporation,
Orange, California

Niedermeyer-Martin Company,
Portland, Oregon

Gordon Flywood Company,
Alhambra, California

Core Materials - Hexcel Products, Inc.,

Los Angeles, California
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Metallic Materials (Ref, Table III)

Promising Candidate Materials

TUBING -~ Two steels and one aluminum
alloy were selected as tubing candidates.
While the 606L-T6 aluminum alloy is
superior from the standpoint of struc-
tural efficiencies, 1025 steel is still
being used today in areas where low cost
and ease of welding so dictate., The 4130
normalized steel tubing is used where
column loading intensities are moderate-
to-high and size limitations are present.

The selection of promising candidate
materials was based primarily on an
evaluation of the comparative structural
efficiencies listed in Tables I and II
for all initially selected materials,
Additional considerations, such as ability
to absorb energy, formability, ftatigue,
stress corrosion and atmospheric corro-
sion, low-quench sensitivity, loading
intensity, and accepted usage in present-

day aircraft, also influenced the choosing The most likely areas of application for
of candidates. Metallic material candi- tubing are fuselage weldments and engine

dates are listed in Table ITT, togethe mounts.,
with their structural efficiencies. Non-

metallic material candidates are presented

in Table TV in a similar manner, Figures

1, 2, and 3 list the comparative struc-

tural eflficiency of materials by decreas-

ing order of magnitude.
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TERIAL - Candidates are listed

tent of show

ngth for use in areas of la
mechanisms, and

lies, rotor

19 materials of
nding -

primary structural fittings having space

limitations

. Although

there are many

types of high-strength materials avail-

able, the

lection represents the lower

and upper end of the chrome-alloy series
(4130 and 4340), and also includes one of
the newer types ol maraging steels, 25 Ni.

This steel,

costly ($2.

although 1.8
as 4130 (180 H.T.), is als

times as strong
o 17 times as
A13/1b)., It is a

high-quality

25/1b vs. $0
steel

with superior corroc-

sion resistance and to

mess

over the

comnonly-used chrome-alloy series,

FORGINGS are occas

ionally

» used in

helicopters and light aircraft. When
used, 2014-16 is the primary forging
alloy, especially for miscellaneous low-
stressed fittings where economy and
increased corrosion performance predomi-

nate.
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SHEET - B number of sheet materials
are available for use in the construction
of light aircralft and helicopters. Sheet
stock is used mainly as a covering for
the airframe, It is also bent and Tormed
into frames, ribs, stringers, stiffeners,
and various types of brackets.

The 2024-T3 alloy, especially the
clad version, is by far the most com-
monly-used skin covering on present-day
light aircraft. In addition to having
high structural efficiencies, it is a
good corrosion-resistant candidate,
exhibiting superior qualities of fatigue,
energy absorption, and formability when
compared to most of the other sheet
materials.

The GHXXX sepries aluninum sheet
material is included because of its low-
cost structural eflficiencies. IC also
has good Tormability.

Type 6061-T6 is next in importance
Lo 2024-T3 clad as a material candidate,
Its low cost, coupled with its high
corrosion resistance and high stress
corrosion resistance, formability, and
energy absorption characteristics, makes
it extremely attractive.

Type X7005 aluminum alloy 1s one of
the more recently developed materials,
It can be easily brazed,” soldered, or
welded, and still maintain its high pro-
perties without requiring solution heat
treating afterwards, Its low-gquench
sensitivity, eliminating severe distor-
tion during cooling after heat treatment,
makes this alley a material candidate.

Types 7075-T6 and 7178-T6 are in-
cluded as they represent the highest
strength aluminun alloys available today.
While their corrosion and stress-corrosion
resistance, formability, energy absorption,
and quench sensitivity characteristics are
infeprior to some of the other aluminum
alloys, they exhibit superior tensile
structural efficiencies and will outper-
form other aluminum alloys when used in
areas of high-load intensity,

L7 31B-H24 magnesium alloy has
superior column and shear buckling struc-
tural efficiencies and is, therefore,
listed with the aluminun sheet material.

ts higher cost and lower corrosion
resistance make it a less likely candi-
date.

EXTRUSIONS are used mainly as flange
material in beams and major bulkheads,
stringer material in wide columns (fuse-
lage semi-monocoque, wing-plate stringer),
and stiffeners in high-loading intensity
areas,

Type 2014-T6 is generally used for
sections greater than 0.125-inch thick
whare its low cost, together with its
high-yield strength, makes it a desirable
candidate.

Type 2024-T4 extrusions are com-
monly found in 1light aircraft for sections
under 0,125-inch thick. This alloy, in
addition to having good structural effi-
ciencies, exhibits superior fatigue and
energy -absorption qualities,

Type 6061-T6 shows considerable
promise for extrusions requiring thin
sections and high corrosion resistance.
The low cost, high energy absorption,
and stress-corrosion resistance of this
alloy make it an excellent candidate.

The 7075 and 7178 extrusions have
the highest mechanical properties of the
aluninum alloys. While the Tt Tempers
are relatively low in stress-corrosion
resistance and energy-absorption capa-
bilities, the T73 temper of 7075 is
excellent in both respects and warranits
consideration in the final selection of
candidate materials,

Mg Yttrium-T5 is a new high-strength
magnesium alloy. TIts high compression
yield strength (improving the compres-
sive tangent modulus), coupled with its
low density, makes it the most elfficient
of all the metallic candidates when used
in compression critical structures., How-
ever, the projected cost of $6.00 per
pound 15 years from rnow reduces its
chances of becoming a prime candidate,

CASTINGS are used mainly for rotor
mechanisms, wheel hubs, pulleys, brack-
ets, bellcranks, and various fittings,.

A356-T61 and 359-T6Ll are premium-
guality composite mold castings, Al-
though they are in general use today,
anticipated high production rates for
light aircraft/helicopters make these
alloys less likely candidates than a
permanent mold or die-cast materdial,



Type 356- T6 is a permanent mold
casting alloy in general u today, and
it appears 1T will remain a likely can-
didate in the Tuture.

[
O

L4 91C-Te, available as a permanent
mold casting, is one of the most common
magnesium castings in usc today.

CORE MATERIAL (Ref, Table II) is
used in honeycomb-sandwich constructions.

Type 3003 1/4-inch cell, 2.3 pounds per
cubic foot aluminum hone»conb core, is
considered to be the most prouifngg car-
didate, It is of adequale strength for

light aircraft construction and is only
a fraction of the cost of the cxpensive
reinforced plastic honeveomb,

Non-Metallie Materials (Ref. Table IV)

NON-RETINFORCLD THERMOPLASTICS are

used for fairings and for low-stressed
skin.

ABS (High Modulus) is low in cost
and can be molded to shapes, This
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material, although not highly flammable,

will support combustion.

CHOPPLD FIBER-REINFORCED PLASTICS
are best adapted for areas of low-
loading intensity such as sccondary
fittings, fairings, and low-sStressed
skin,

3/8 BE-Glass/Nylon 6/10 is a medium-
cost injection moldable tLermoplastic
reinforced with 1/4-inch to 3/8-inch long
glass fibers (30% by weight). 1t is find-
ing use in the design of next-generation
commercial transports in such areas as
access covers Tor wing fuel tanks, Nylon
6/10 is a self-extinguishing material
ITrom the standpoint of flammability.

n-Glass/Polyestor is a low-cost
discontinuous glass fiber, reinforced
polyester-type sheet meolding compound.
Fairings, low-stressed skins, and Fit-
tings dre possible areas of application
for this material. It is also a flame-
rotardant (non-burning) material,
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1-inch S8-Glass/Epoxy, @ one-inch
chopped Fiber system with an epoxy matrix,
is & high-strength, high-cost material
used in helicopter wheels.

CLOTH REINFORCED THERMOSETE may be
veed for all types of structures by pro-
viding the optimun fiber orientation lfor
cach type of loading. They are best

5 in multi-laver combinations in lami-
cr in sandwich construction,

Type 143 Cloth/E-Glass in an epoxy
matrwy is used in laminate and sandwich
form in ]ight aircraft and helicopters.
Its use is restricted, as a rule, to
chondan structure. However,
ing state of the art of l].ergLaSE Ccom-
posites and resin systems indicates that
this material is a candidate for primary
structure,

Type 143 Cloth/S-Glass and epoxy
matrix system is a higher-strength and
higher-cost composite than the E-Glass
system, It is a candidate matwrlal whern
structural efficiencies outw by mﬂt\r17|
cost, or can be shown cost off

UNIDIRECTIONAL FILAMOWNT-REINFORCLED
s in their infancy alt pre-

1y expensive and dre being used only in
izolated cases. However, their superior
structural efficiencies indicate that,
projected ahead 15 wvears from now, thLoL
composites, with reduced costs, will be
potential pﬂﬂdjdatLa. should be
laminated in various fiber ori tations,
cepending on the loading conditions,

v

phite filament/ecpoxy matrix com-
posite exhibits exceptional structural
effieicnci~5 due to low density and high
LS.

S-Glass/epoxy matrix composites
show superior tension efficiencies and
modulus as compared with Graphite; how-
ever, they do.not compare with the
colunn and shear buckling efficiency of
the Graphite system.

WOOD has been used as priméry and

secondary structure in light aircraft
for many years. Although aluminum alloys

have predominated the light aircra
field J:or‘ the past decade, there are
still a few airplanes being constructed
of wood., Generally speaking, a wooden
structure (such as a wing) is acrodynam-

the advano-

the composites are extremc-

er than its

ically smoother and ligh
ep, it is also

metal counterpart. = 5

more expensive to build. Another dis-
advartage to wood construction is 1t
higher maintenance cost dus To e
and moisture absorption.

S2itka-Spruce 1s probably th
common: wood used in light aircraft, It
h a colunn :E'. ierncy more than twice
1huL of the aluminum alloys.

Mahogany (poplar copre
orne of the more com ood
skins, Ils shear buckling
twice that of the alurinum

Spruce-Staypak iz a compre
tly increased mughdh1

LIST OF 5YMBOLS

F£ = Ultimate allowable tensile stress,
11 :
psi
L} = Yield allowable tensile stress,
y .
g psi
I = Ultimate allowable compressive
Cu

stress, psi

1 = Modulus of elasticity in com-
pression, psi

. ey 3

W - Density, lb/ft
F = Yield allowable compressive

C .

¥ stress, psi

F = UUltimate allowable shear stress,

=381

pei

o - Elongation in percent



