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Th:is four-part paper is based on a
study conducted by Sdn Diego Aircraft

q rd6 q o,pa io. \' o-
. *., D: .._o, 6 61. C6

Tha conpLete leport of t]rc studt lras
published as NASA CIi-1285r l.iarch 19{;9; a
srunnary report r,rils pubrlshed as llAsl
cR,7i 2 5 7.

The series of papers presenced here
contains ndteriaf of possible interest l-o
saiLplane designers and buiLders. The
NISA report CR-1285 is available ior sale
La $1.00 throuqh C|STI, Sprinqfield,
Virqinia 2 2f51.

The renaining three pajrts of the
paper !ril1 dppedr serially in Tac]]nicdl
Soaring.

PART I
POTENTIA ], SIRUCTULAL }IqTRIA],S

Tlis article concerns the investiga-
tion of a lride variety of strrietural
rnaterials dpplicable in the design of
light airclaft ( including heLicopters)
during the ne)(t five to L5 years. Ndt(]-
ri,als avaiLable in five years are cfassi-
fied near-term. Thosc available 15 years

fron norn ar. considercd far term, lligh-
Driced near-te]]ll natcrials are also con
iiaereo as fdr-iern, anticipaiinq cost
reductions during the next 15 yaars.

The oi,jectiv€ of 1ihis investlgation
as to d.ternine, iron the iniirial compild-

rion, a 1is! oI promising candidatc naLie-
riaLs liased on pdraneters involvirg
strengr-h, stiffness, ?ieighti and rar

Candidate mdterials IJiIL be furihcr
evatuated i]l subsc.Luent chapters against
such paraneters as design conccpt coJnpati-
bility, nethod of joininq, fatigue)
foxrnability, anti costs relating to tabri_

i,lacerials rere first sefected froJn
the broad spectirlr,r of the various typeg
avaiLabfe. In the beginning, an eflort
r'ras made to plck rep:resentative axanples
''o a' ,pe, D..:.9 ,' -L .io o
one or more ot the ioflo'ring chdrdcter-
istics:

(l) Accepted rLse in present-day
aircrdft consbruction.

(2) Lovr density.
(l) LovT Jrateriar cost:

Itrot al?/ays an important factor
because fabrication costs can
be far JrLore significdnt,



(4) IIigl:titfness:
llarLy areas of light aircraft
dnd helicopter struclures are
desiqned for stiffncss. Ihi$
l rkLs pr*.p.1*nuc or F I dr i c
strength rcquircments.

( 5) High strength.

( 5) rlofdability, braz.rbitity,
1]ondaLilityl

Inasnuc)r ds present-day fabri-
cdtion nethods such as rivetinq
contri5ute considerdbly to the
ovcraLf cost of the linished
product, a ilunlor oI poi:ential
mdtcrials landirrg thcmsafves to
lrelding, brazinq, and/or borxl-
inq lera includcd.

(7) !.linimun maintenance,

(8) i.:aierials cxhibiilnq good cor-
rosion res istdnce to atnospheric
envirorr:rclrts lrere considered.

Tablcs I and 11 tabuLdte lhe initiaf
s€lection oi rnaterials, togethcr ?ith
!heir pertincnt properties.

ln evaluating tle initial seLection
of .*t r:al-,5,rrL,lrar cFf icicn.ic
ldere cjcterrdned for corrpar:ison p,rrposes.
Jl - e - r-., Lr.._ cl, ci. Lci, s ,rr, :
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fron nou), Lha projected cost fi ;'effsfmn noi\, liill be usc.i. Comparative
slrucL:unaL eflicierLci:s arc aLso pre-
sented in Tabfcs I and II.
i'iaterial Costs

tion

l"later,:idl costs, in {lotfars Der pou:d,
deterrnined by using price informa-
rr ir.e lro.. rr - Io Lo\.:r9 o..pq',:e,r

Steef

Aluninu,n -

liagnesiun -

Titaniun -

Ber) llilm -

Pldstica
(Rein-
forced)

Plastics
(Unnein
iorccd)

Ryerson t sons, Los Lngeles,
Calitornia
Republic St-oef , Los llrlgelcs,
Cal,iioxnia

AllrminuJn aompany oi llrerica,
San Dicgo, Californid

The Dour Chcnicrf conpany,
Los angcfes, Cal-iforrria

Rcactive iietals, Inc. ,
Lo! Angcfes, California

leryfliL]l:] Uctals L Chernicals
Corp., \eP York, l:el/ York

!'rh-Lttakcr Corp- (]{armco
Division) J San Diello,
CaLifonnia
Olr'ens-Corning Fibarglas Corp.,
Ne!,r Yorkr Nevr York
Cene!:a1 Dynanics/Convair,
San Diego, Californ'"a
Goodyedr lrenospdce Corg)ration,
Abon, Ohio

F

Colurrii: -
n;

Shear Buckling =
'/ E,,

iach structuraL efficiency
Civioed by tlc ratoridl cos't to
ncail:iora.]- cori:-garisors, In t\c
:iar !crn ILater,idls (to Le r:r;,.d

- tuhittaker Corp. ( l.ldrmco
l.livision), San !iego,
Crliforllia
Getloral- lllectric ( Chcmical
iiateria:l Dept ), pittsfietd,
i.larsach!rsetts
U.5. ltubbcr Cox,pan'.,
Chicdgo, Iflinois
IrLrPor,t f TF. tile fib!.5 !ept),
FiL",irt ton, Irclai.Jdrr
Sorg-l',arner (ljarbon C|enicnL
Division), i.iashington,
'rlest Virgini3
lril-.crtite CorporatiorL,
OranEe, C.rlilornia

- l{ieCerneyer-jtdrtii Conpan\,,
Portf.lnd, 0r{.r!:lon
Glrdon P! lrooJ Coi,iltrn,,
11hr'nbra, Cdfiforria

cure;aL,.ri1 t5 - iiaLcpt ,rodu.r.,, rrc.,
Los AngeLes, Californid
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TABLE 2. INITIA]- SELECTION OE NON-ME'IALLIC M,ATERIALS
AND COMPARATIVE STRUCTURAL EFFICIENCIES
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Proni.ijing Candi.iatc l,latcrials

lhe selection of promising candidate
rnater'idfs lras based prirndrily on an
evdluatlon of tho conparative structufaL
cfficiencics fistcd in Tables I and II
ior dfl initidrly selectcd nrateFials.
lddiLional consider,ations, such as abifity
' o a:.- r cr-rg. , o! rril. .,, '" :q..e,
strogs corrosion and atnlosphar,ic corro-
sion, lou-luench sensitivity, foading
intcnsiry, and .,ccepi.d usagc in present-
day eircrait, afso inffuencad the choosing
oi cdndidates- i',eiallic rndtcrial candi-
dat.rs arc listod in Tabf-a TTf, toqether
,.ritlL th€ar,strucLural ci licicncies. Non-
netrl-lic areridl candidates are prcsented
in Tlble IV in a similar ra ner, Figures
!, 2t anl 3 list the colLparative struc-
tu..rL elliciency of materials by.lccreas-
ing order oi tragnituilo.

' rJff..( 'atprirLs (a, l. Td le Jll)

TUjIIIIG - T o steels and one aLurinrm
alloy ner:e selectcd as tubing candidates.
!'lhile the 6061-T6 aluininu,n af,loy is
supcrlor fron the standpolnt of struc-
tural efficiencies, 1025 stcef is still
beirg used today ir areas k'}ere 1o!J cost
and ease of lrelding so dictate. The 4110
nornra-Lized steer tLlbing is rLs€d \'rhere
cofurnu foading intcrsitics dre noderdte-
to-high and size l-inii-ations arc present.
T]re most likely areas of appLication lor
lJLin3 dFc iu-.lrj- I r. n s an rJir ^

TABLE 3. PI]OMISINC CANDIDAIE IVIA]'ERIAI-S
]\,JETALLIC
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lilrl IlAlilLilirL cnlLdiil.rl-.. nre li:,til
i!it,r lh.. irrrnr ,,1 :lo,.rirLl rat.:rial:i i,t
]'iJlr .tr.:rlt. firr u:ie :ri ar:crs i)I l:irrlirj
l!.i! ar:1rL,1.ir::. !olof r,:..trani.!L:, aril
priJnart ji !!uclLLr,,l ii:iirLiJS hevlnq :p..t!ri
lilit.ttiorL!. !Ltl'.'rlrl: Il.!e dr! n.l.
it p':s .i l,l,ll -:r".rfrirth ru[uri.r]. drn'1-
ir,1.:, i,::: :.:, .cii )rL r,.tr.:!..t., Ll.. lo,r,:r
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.llri:i st-p.:L, 31ti{rr!lh .rr rir.::- a:r !Lro)i,j
d! f l.l0 (l.lra t.T.), i; ,r:l-:ro L7 ti)res ari
.oi,.r: (r1r..25/r! vs. lr. trlrr). I! iri a
iri r!' rutrlrt., ;1.":l !itl. :rrtit:ri()r ccf!.-
:iir)rL r-p:;istarc.: ari.- ioLr!ir-E!: over ilL!
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SHEET A nrmber of sheet naterials

are avaiLabLe for use in the construc'.ion
of light aircralt and heLicopters. Sheet
stock is useil nainLy as a covering for
the airfrane. It is aleo bent and forined
into fratres, ribs, string.rs, stitteners,
and various t!pes of bracke.'e.

The 2024-T-j dlroy, especiatLY the
clad vcrsion, is by far the nost corr,-
tnonly-used shin covering on present-day

'g 
" I

high structurdL efiicioncies, it js a
qooo o1 o:o -' ... aid"
:,b-irq p'or "i: o' 'io.
onerqy absorption, and folnability hen
coJ.pared to Jnost of t|e other sheet

The SxxI serics aflr,!]inun sheet
mdterial is incLudcd because of its 1oN-
cosL- Etructural efficiencies. It also
has good fornabiLity.

Type 6U6l-T€, is ne).t in inportan.e
'ca 2A21-T3 cLad as a rrLaterial candidate'
Its lo cost, couple.l \,rith its high
coffosion resistdnce and high str€ss
corrosion r€sistance, fornabiLity, dnd
energy absorption chdracteristics, makes
it ertrenefy attrdctive.

Tlpe 17005 arrlminllfl allolr is one of
the nore reccitLy .loveLoped nateriaLs.
It can be easiLy b!aze.1,'soLdered, or
rerdcd. and stilL xraintain 1ts hiqh pro-
D-L. q: ro o )'-o \'d

' ' Lo - '1
sensiti;ity, elininating severe clrs tor-
tion durinq coolinq after heat tleatment,
Jnakes 1:his afLot d nateriaf candidate.

| ^ 0 -1o a L8-od_''-
cluded as tlLet represent the highest
strenqth afuninlr,n aflovs .lvailabfe today'
.l e o'o :o
resislance. fornablLitv, energy absorption,
dnd ouench sensitivitv characteristics are
;n_-r'o-,o o E- d Lr"ul
qo\,
. r, '.l.1 i. ' ieeco o' Pet -

forn othe! alu,nlnrLm alfoys ',then used in
dreas of high-Load intensity '

AZ 3LE H24 nagnesiun alLoY has
suDcrior coLlr,trn and sheai buckLinq struc-

ia. e, i.i-r .,d i , .h-rEIone,
listed r"rith the alu,ninun sheet nLaterial'
lL Iq-. ..o"oio
rc.slstince nake it a L€ss likerv candi-

EXTRUSIOI{S are used nainly as flange
rrLateriaf in beans and maior bulkheads,
stf,inger naterial in ide cofunr'ns (fuse-
rdge scni-monoco.tue, \,ring plate stringer) 

'and stiffcners in high-roading intensity

Type 2014 T5 is generally used for
sections greater thdn 0.125-inch thick
irnere its lov? cost, together lrith its
high-yiefd strength, makes it a desirable

Iype 2024 T4 extrusions are con
monly found in lighi aircraft for sections
' o'' 0. -- -' r . -. ,i d-Llo I

additlon to having good structurdt effi
ciencies, cxhibits superiox fatigue and
energy al,sorption quafities.

Type 6061 T6 sholis considerdble
proJnise for extnusions roquiring thin
sections and high corrosion resistance.

i , r-g' ^ a' . 6D o-D-ion.
anl stress-corrosion resistdnce of this
alloy nahe it an excellent candidate,

The 7075 dnd 7178 extrusions have
the highest mcchanical properties of the
alMinum alloys. Ithire the T6 tenpers
-r r - - fo i r "-co'ro o
resislance and energy-absorption capa-
l'r' i , . " o' 0
excelfent in both respects and r/arrants
consideration in the final selection of
candidate naterials.

l:g Yttriun-Ts is a ne\'r high-strength
aj,l-rln drro l, '9 onp-- o

yield strength (improving the conpres-
sive tangent modulus), coupled !r'ith its
lo\"i density, nikes it the most efficient
of all the metallic candidates rhen used
in conipression critical structunes. Ho
ever, the projected cost of $6.00 pe)r
pormd 15 yedrs fron now reduces its
chances of boconing a p)rlme candidate.

CASTINGS are used mdinLy for roto!,
mechanisms, vrheer hubs, pulleys, brack-
6, , b6r ,orr , d.d v-"io.. ti .:,9. ,

A "_-o d d .o_ ol qfo p-6 .:!r
quaLity conposite moLd castings, A1-
thoLrgh they are in generaL use today,
anticipated high production rates for
Iight aircraft/helicopters make these
alloys less likely candidates than a
pefnane.t nold or die cast flaterial.



Type J56 T6 is a pennanent no1.l
casting al1oy in Eenera-L use today, and
it appeans it r.ril:L remain a 1iLe1t, can-
diddte the frLtrLre.

AZ 9LC-T6, availall. as a perraDent
moLd casting, is one oi the r.rs Lr comon
magnesilrl castings irL usc ioday.

mRE IaTERTIL (R.1. Tabte II) is
used ir honeyconb-sanduich constructions.
Type l00J l/4-inch cell, 2.1 pounds per
. -D:
considered !..o be ihe nos-. prordiing can-
di.1dte. It is of ade.ru:, Lre sir.ngth ;or
light aircraft construction anl is onL\.
d ro o O

neinforced pldstic honeycoJnl.

Non-I,!€talLi€ uaL-eria:Ls (R-=i. TJlrte IV)
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llaterialj alihough not hiqhly flanlJlabLe,
\,ri:Ll support con$ustion.

C]]OPPID F]BER-IiEII{FORCID PIJ,A 5T] CS
dpb acqp
loadlnq intensity srlclL as se.o.daty
iittings, fdirinq s, end 1o!,-stressed

l/8 E-class/Nyron 6/10 is d medium-
cost injeciion molddble therrrcpLastic
reirforced ith r/4-inch to 3/E-inch tong
qLass fibcrs (lOia by L,\reighc). 1r is fi..1
ing use in the desig. of next-generaLion
conrerciaf transports in such areas as
access covers lor ing fLre:L tanks. t,tylon
b/LU is a s efl -€)(tingui string naLreriaf
Iron the std.dpoinir of ffanLtlility.

:l-Gfass/Polyestlr is .r Lo\"7-cos r
dis.ontinuous gLass fiber, reinforced
poLyastex type sheet motding conpounLl.
ldirings, lo\,r-stressed skins, and fit
tirgs are possible aroas of dppLication
ior this mat.riat. Ir is atso a flane-
rctdr.lant ( non-bunning) materiat.

IION-liEIllForCtr THERiOPLISTICS af, e
Lrsed for t'air:ings and foi t.rLi-slressed
skin.

lB ": . I ) ro.

"rd .- b

_IAR l,E '1. PROMISING CAND]DATE MA TERIALS
NON, t.IE TA l.r,rl]
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1 iich S G.las3/EPo;11, a o..-inch
crnrplied Iiber stste)n ;li| dn epoxl Jutri)r,
is .L high-strergt\, high-co3L met.riar
uscd in halicopt€r ',lLeeLs.

CLOTti iiEIi.lFORClD I]lRl.jOSljTS ,ry b..
uec.l ior dLl Lilpes of :itnuctrrl'irs Liy pr!-
vidlnlt trhe opti'fun fibef oriantation lor,
rdd: li),pe of Loa.ling. Tlrcy ar. b!st
use.l in nulti-.l.aj.! ..rJxb:in.:t L_ iolrs in fari
naie:i or in sanLlrich .onstrucLion.

T,,,pe l4j Cloth/L-Glnss ii ar .po.!\
matiri.x i.s us..l ii lanilatc ard sdnd!.iidr
form i. fight aircrait an.] |cli.o]rt.rs.

seconLlary sirucir,fe. Iio\.rovcr, tire advarc-
ing 5tate oi tne art 01 libergLess corr-
pos it-as a]l d res in Eys t--rs 1lr.1 j-cnt-.:r .lr.ri

: . a o- :

T!p. l!l CIoLrh/S-GLass and epor{)
IaLrrir sysLein i.;L iLiqlLer eLren!LL rrd
hilIer-co3t cortpositc Lil:dn t,re ll-GLr53
stst€Dr. l-t i3 a ca.drdat. matcriaL r'rhrr,
5tru.tural ettLcie.cie! outx.rlql' nat.rj.:11
co5iJ or car be sho.,lr co:il .11.ctivc.

IT]'IIDI.iICTIO!{,1I, FII,iI,:IIIT.RI]IIFORCII)
COi.jIll9IT!: fl.c ir their inliurr_v dLi pf.:-
:rent. ll.si (]1 ih. conposit.s ,r!rc latfenc-
l! erpersiv-. and dre b€j.ng used o.lt in

s!'ru.turaL ettici.e.cie.j inclcatc tl'at,
projecLea .Ltead L5 lears fror no', thcse
conposiL_e.;, rith rlrduced co!t:iJ ,j.L,l t,e
potential car.lidat.:i, Th.y !|ouL! bc
Laminate.l in var j.ou. Iilj,rr' orilrLtdtior:,
.epeniinq on the Loa.liag corJrtlrrr.

Graphi.te til.anc.t/cfo)it natr,i)l con-
posiic ..hiLits c;{ccptionrl :lfucLurdl
lificicn.ies du. to loir ,len;iL\' ard hrll,

-/
shohr supcrior i-ens:ion eific:ienc:ie5 a.d
noduLLS as corpared niLlL Grallrice; ho'r-

colurr anl slreaf bucklinq cfficierL.) of
tle Crapliit. s:,'s_.cn.

i.,ooll hd: been used de !rin:r! and
j:econd.lrj strJ.ture in light aincr.lft
for rilnl' i'ear;. lr lthouglr aL,nain,Jr aLlo!::
hdvc ]rr.dorrinaici thc l-1qlri .lir.rd;l
ficlC Io| il,c pnst dec ,lcJ Lh.:re e

(]1 !'.lro.l. GcioraLl-t speeliingj ,tr ,'oo.lcl
stru.tru. (sucl as a uirq) is i..ro.lynari-

icilll, lrootl,.r ;n.l lrql'i.f Lh.ln its
retaL counicrpnrt " UL)tr-'v.r:, iL i5 al'sl,
nof. .rxp,.n:iivc Lo Luilil. inol'li.rr di:-
r..lvantdje to \.bod con::tfrc!_ion i: ii!
liiqher rrajnlerLanc! .o3L iLd. ..r i..lli.rrnq
an.i loi:tur. n;torPtion.

-p
..rrfio. ixrod uscd iri ljilh_' arrcr.:riL. lt
ha: a coLl]Jllr !llicier:ci Jriore lhan tr1ce
tlu L, ol -h.: allr1n]J] al.l.or i.

'.ialoq.Lrl; (forrhf .of r) pr' ,rood i5
ore of tlr. 'rood: irri.:.I lor'J

Stiruce-:td) par- i: .1 .onfrcsEecl ',rood
irith qr.c.ltlv il.fea:i.:.1 :n..tLar:icaL pfo
p--rti.5 .ln.l hi!1iLe]r .1.rr:iLr!.

-itiD aF ]]ltT r

T,TS]T OI' S YMR') I S

F

!-

E

F

= UiLiDate al owablc tcrsilc :tr*,

= Yield allolvable tcrlsilc stress,

= Urti,-atc allowable cornpressive

= Mo.l,rl,1s o{ clasticily i'r ..rr
ff€ r sion, psi

l
nE n. ity. lL lt

Yiekl all.Nable .odpr.ssive

= UltlDlate allosaLle shear stress,

. Ll.ngatioLi in pcrcert


