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INTRODUCTION

Thls four-par! paper is based o. a
study condLrcted by San Diego Aircraft
,r o;166' .19 o. DQn\ Jo' \3 0. J io

Andlysis Dlvision, lnes ResearclL CenLrer.
The complcte r.eport of the study r'Jas
pLrblished as NASI 13-1285, l{arch L959;
a sumary report uas publisheci as NASA
cP. 7a251.

The series of paper$ pxesented hexe
contains mdter,iaf of possilre intefest
to sdilplane designers af.l builders. The
NASA xeport Cllt 1285 is available for salerloql r | ]d.

Part I ltas presented in Technicdl
Soaring, Vol. I, No. 4, April at12. 'Ihe
renaining t o parts of the paper !riL1
appear seriaLLy in forthconing edltions
of this publication.

sotropic, require sone nention being nade
as to alfo!,/abres versus fiber orientation.
len these nateriaLs, in single-Lanindte

configuration, are Loaded at an angle to
the direction of the fibers, tieir strenlttl:
:is reduced considerably. The reductlon in
allowdble is a fLrnction of the anqLe,
Figure 2 iLlustr:ates the effect due to the
lolr shear transfer capabilit)- oI the resin
natrix. For this xedson, conposite sys
ter.s are norJnall! fou.d in various con-
binations ol fiber-oricnted rayers. As
o: q. p-., o.'n .: ta
torsion Jright require tliree layers \tith
the fouo\djng orientation (see Fiq. l):

Ldyers (f) and (3) stabifize the
panel against shear buckrinq, thife layer
(2) resisL:s l-he direct shear and axiaL
Loadinq in the paneL skin. Figure 2 also
sho?is variation in strenqth vJith sevelal
conbinat:ions of fiber orientations,
Ej iol " - v-r'c o. op o
noilrLlus nith chanqe of fiLarnent direction.
8". Jooo ob gn a! , ! 6

]aninated structue, are presented in
Fiq, 4. Fiber-to-resin mar-rlx proportio!
is dnother inportant reLdaionship, strengtl-
ise, A resin-rich conposit€ is w€akened

by the intlue.ce of the lo\'rer strength
". 'r ,nil- a ! - - ro'v d 'o Do '6 .

unsatisfactory becduse of i suf f icient
bonding bet,,reen each fiber, In filee.!-
\rounci strrlctures, 70-to 85 perccnt by
volmc is considered nornal for fibor

PART If
EVALU-ATfON OF IROIIf SING

CINI]IATE ]"14T;RIALS

The pronising candidates are now
compared on the basis of types of nernb.rs
r. o Lp Co.po i , ic. '-. :
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content. Included ln the cornparisons,
lrhere appropriate, are severaf conposite
lanindte combinations. A sunLrnary of the
t,asic properties of candidates is pre-
sented in Tabfe I. For nore .letaifed or
added infornation, see Ref, l.

Tension Menrbers

Fig, 6 shows neight pe! inch versus
axial load (4,000 pounds maxi"nLu,tr) for the
various materidls. The ordinate provides
for the use of an efficiency factor lrhich
night be encountered under conditions of
riveting or vrelding.

To develop cuxves of
ciency versus Tension Load

Svmlrols:

Derivations: f =

a=-L an.tf =\--F

h,\ ---
L P,l.t:

r. -- p = --i--eii w/\r ul

L ---Y- P
t /rl

(Fis.6)

P-r,

A^ rl L, LOAlEl lEl . '

Stress
cross section ared
Weight
Density
Efficiency factor
Snaller of F or: 1,5 FLU LY

Sinple Cofums (assu,ne round tubes)

Struetural indexes ltere used to
a . : "e - - rdr;or o. pt orrL .:r9
'o \_J od.D ar6r:ql / en _-p ad d , -

pre cofrinns. As defined in Ref. 4, a
structural index is a measure of Loading

F=

ORITNIAIION
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''L Ir'ra irL,:l i]Lr!:r

rntensity and has tile advantage of elin-
indting the effecE of size in dearinq ttith
rLLo,"D.e .r o' " ' .PI: or ' I .

' r '1 1(r' D6 o, D/L:. De

Prinary
bucklinq F" = t

and crippling F". = Ku

Conpression StructLrIe

Probabfy the Jnost detailed dnd exten-
sivc evaLuation of stnucture occuf,s during
the design of conp)ression criticaL sections
ot the airtrane. The section under con
piression is.generally treated either as a
ide coLlmn or d conpression panel. The

ride-coLunn dpproach is Lrsed Nhen the
rength of the paner is shoxt compared to
its ridth, as in a rruLti-rib uinq box. A

conpression paneL concep[ is assuned uhen
'lhe Len!]th of 'the panel is Lonq compaxed
to iis \"ridth, as in a nLrlti-spdr inq box.
To obtain dlfovrable conpression stresses
for optirrLun round rube coLlr,mns, substitute
. dl.. ror aD'. .' D/t -i F\6 Dh nqr
buckling equation:

P /L2
8f 

3 6Ji f:'

For study purposes, linit f to

The a11or,iable F mav then be calcufated
ancl pfotted forc va'rious nateriafs, ds
shom in Fig. 8.

It is now possibte to develop a fornula
ior ninin!,n weight, as tolforvs;

Equating the tlvo equatlons gives oJ)thrLn
varue of D/t:

/,2 -\ I/a
/n,.\ =-{"r:)\ ' ,l op. \nY1t t /

t, r f/l
a-142 [ -L- \

\'t" )
L .'o" 'l

Fig. 7 prots D/t ratios versus structural
index for lhe nateriaLs under considera-

FIGURE 6

-57i

13
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(r) Divide structurat index by
allowable F^ an.l muLtipLy by
dcnsity of - materiat:

P (\t) /L'

(2) Bt substitrLting

compressive load in porLnd/incl:

Length of .olu,rnl in inchcs
pLasticlty reduction facLor
nro.lLlLLrs ot .lasticity, psi
cros e-scctlonal area per un:it

elficiancy factor, a fLlrction of
lrLlckrinq coefflcient 6 slrape

The a.au,sis of co)ipression panel.s:s
basc.1 upon all edges ot Lihe Danel bcing
si,npfy supporte.lJ NhiLe plate tloort !1,
pressions for focaf and generat stab:ilitt
ar.r equated to obtain Lrhe folfo"rinq ,:,nua

TECIINICAL SOARING, VOL. U, +I

biE
=.("')'!,hc.c:

N-
L=

f=e L tr=

tlre lofLoviing idontity iS

obtained: Lrclltr =

Nl'ore C is restraint coefficient.

v I aL .L/
.letermincd and plotted for d number of
ndterials ( see Fi.l. .J ).

Thc ide coLunr analysis asslneg
priJndry buckling lctneen the ribs, whiclL
provid. simple suppofts for toadcd edges
of tle coLjr,.nn. T1r. folfolrinq equation,
Lak.L tfon ]ter. 5, is a r€sulL: of eqxatinq
gencra:L and LocaL instabiLir\,' Iornutas:

Lrl =' ('^

t0r,t, tt
:] (l :FFL I]:
(:,tLtr)

,l ll! (l..1rRi.r. )

b = ,r;idth oi ptate
n = an erponent hich is d function

o1 cont:Lguration

In tl€ evdluation ot lri.le corurm and
cor:Lpression pdrc:L concepts, truss core
:andnichJ honeycoml sdndr',,iclr, fl:tt plat€,
anC zee stiffened pLate eonstruction irj.ill
bc considered for each case.

I-,

)

tt \

IIGUII]I 9

t5

lili.l l,rLll, rr it I F.lLll.llr lLta i-a LL.rlf.!

i il r,r'i i,,lr,,Llr,a.,i! )

4l-:! ( lrl r. l
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Minimui area equations for opti-rTdzed
iride cohrrnns and conpression Panets of
zee-stiffened plate, flat plate, dnd truss
cord sandwich construction are presented
in Table II. Effj.ciency factors' e , ldere
obtained fron Ref. 5, lrhile the plasticity
re.luction factor, i , was taken as unity
for aIL cases.

llinimr]Jlr area cuxves for tfuss core
sdndlrici, honeicomb sandvich, {-dL pfar''
and zee-stiffened ptdre of \'ride c\)llrnn
and cornpression panel construction are
shown in Fig. l0 and Fig. 11.

The zee-stiffened plater flat PLate,
and truss core culves r\,er'e developed fron
the data in Table II. l4irlinurn area curves
for honeycomb sandlrich riere obtained fron
Rei. 5, Curves were qenorated by calcu-
lating typical rveights and strengths, and
afgeblaicalfy converting the !'esults to
the general forrn of the other configuxa-
tions. As stated in Ref. 5, the high
efficiency of honeycotnb sandt ich construc-
tion is attributed to the facE that the
futl conpressive strength of face sheets
can be utilized by reducing the ce].L size
of the honeyconrb core.

A panel optirrization computer pro-
ql]an lras used in Ref. 3 for evafuating
nrrn€rous filanent-wound naterials in truss
cor€ and hone),comb sandwich construction.
These configurdtions, in their optinlm
propor,tions of unidirectional [o cross-
pry fibers, axe pictuned in Fig. 12. By
uti].izing data fro,n Ref, 3, optinutn lreight
and corlesponding cone thickness versus
structural index nay be det€lrnined for
graphite and S-GIass $ide c\clunns and com_
pression panefs.

Resul-ting vafues afe plotted in Figq.
15 thru Fiq. 15. Optj.nized corfiguration
lreiohts lcfLect .r 45o fiber olientation in
the skins for thd most efficient aLign-
mcnt to rcacL lorJionaf shcff. l{ini,nun
skin gages are set at 0.020 inches, Four
failure nodes considered nerei genelral
bucklinq, face i{rinkfing, interceu buckl--
ing, and shedr crinping.

lr',inimun lrei.ght diagrams can also be
dpveloped Ircn minij un ared curvFs in
Fig. 10 and Fig. 1l-, as follovrs:

(1) l4uLtip.l-y ordi.nate i/L by mate-

i/L = W/bL' be.duse r,/ = bL-rw,

w = vbl,!
(2) l{uftiply abscissa N-./LE by

rnaterial moduLus, E:

ENI/LE = Nx/L; the r,/eight is

thus presented as a frmction of
the structr]ral index: Nx/L
(or q/L).

l,linijnur rieights for vari.ous nateriaLs
and crncepts are shovm in Fig. 17 and Fiq.
tB,

tn Ehe discLssion ol sh o, slr ingcr-
type eide colurnns, mention shouj-d be nade
of extruded Y stringers developed by NAC-q
(NACA T\'l LJ89) for increaeing alLowdble
stresses in conpression stxuctuxes. Piglre
19 compapes allovable stress versus
structural index of sheet stringer viide
cohurns constructed of 2024 and 7075
Y-stringers against a 2024 conventional
st!'inge! envelope.

These sane constluctions are corn-
pafed on a weight basis in Fiq. 20 which
was derived fron optijnun stress curves by
dividing N./L bv F^ and then muftiplyin?
Dy !v to _ obtain:

(",.2")(v1) (")
tv/L = 't|/bL'

wing, fusetage, and enpennage skins
on sndfl aircraft (incruding heLicopters)
are of light-gage construction. Loading
intensities due to torsionat sheai, are lod
lcvel; thelefore, the pdneLs are norrnallv
oc3 o;ed .or sn-*. buclf-ng a- r:l.e L ro-'
f.2 g level. This requir.e,nent is esta-
b1isF, d tor apf, drance purpos. 5r s;nce
the paief itse].f has anple strength to
carry the ultinate torsional shear flou
as a tension field menber,

UaEerials for shear panel apptication
are cornpared on a thickness bdsis in Fig.
2f. The cluves lrere obtained through a
substitution and division process of the
shcar buckling eouation iox ftat ptates.
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N*y/b = l*- = KsEc (t/b)j

Cafculate ordindtc:

(N/y/bE)r/3

uinirnrni,,Jeights versus structlrxaL
indcxes for frat plate shedr pancl matc-
rials are presented jn fig. 23. Curves
erc derivcd by nuftipfying shear buckl-
inJ . ..!_ior , as noc . -e. o_ nin: r
Lr,icln.ss forr, b) indtar-i3I <i nsity, r:

TECHNIC L SOARING, VOL. II, #I

'l.ear 1 .ckfi, coLJ l :. enr. . | .'o .r-o rJL o :j.r.o- are -t.oir':nFig.2L.

Compr--ssion Ptdnges

In r]]viclring candi.date nateriats for
J5- d5 cojnprps9:on flanq.s on.Ddl's,rnd
sr. i' rr l.no:n) c ^b, -:, ,re t.tro,/ing
structural inclcx r.rit1 be apptied to ro_present crippfirg ef iicienc\,:

/;----i-
_ V,. -c
""

1r is r p'rrio. :p i: i- g-.n-|"dI
aJ - . en_ ,l. N o "nr: .ation ,or
cr;n, Ling :. Ref. o rnd .. urcs j, ,ffrt..l. '"ridl tr lo lli.Lirss rario, to
rFndln constarLt_

Crippling structuraf eff iciencics for
candidate naterials are illustrated ir)Fig. 24. (Re{ercoces on p. 42).

Shear bucklinq: Tcr =

Tc! = r"a,,/r ,

llxy = q = torsional shca!: floB;

T.F - .hpJr slr.:j at ?nict, pdapl
r ifl bu.lr e

Therefore:

shear buckfing coefficient
depeDdent rpon edge conditions
around pancl (see piu. 22)

shorL sid,r {lirnension of paneL

panel L hicl-.nes s

conprc5sio| !rcdLL]us of etasti:
ciiy

KsEct2

h!r)5C
*y -;?--

(abscissa):

li E t2
---7- . r,

Obtain structlirdl index

nrcJ

t/b i\ =

L0\G : iES 5 ir|Lr
SI]?PI]RIED
:iP{]BT Slli : al:iLii

But: W= abt, vr

lhere: hr = panel
a = fong

Therefore i

Ntt/b {n- = ' ir'lxy/ll;r/i

!'eight
sioe of panel

t-l
1[[

':r-E.i i E.rr-1..t lf.;: riot FFtittt'.t: rLiT t,L^I::l

nLL :l +r, fltE r

L0r'rG :r L)E! F lXtL)
li:,rFi rli0t:r :ll''FiY

ALL S I]E! SIllPIY
5Lr)i)0nTtt

all2a = {Tl = u, (ll.y/bE)I/r

Z3

IiIGURE 22
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