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Absha.l
Studicd werc condu.t€d to improve thc €rash dynami.s

and encrgy absorption ofcomposite sailplane fuselagcs in a
nose down impact rBulting from stall/spin accidents. Qua-
sistatic and dynamic t€$ts w@ conducted on quartcr scale

rtru.turally similar compoFite modcls. The quasistatic tcsts
wcre found to r€pli@tc fullt the loads and failure modcs
obsqvrd in the dynmic tests. Fit€r matcrials and co.kpit
dcsign techniques werc cxperimentally examincd. Enelgy
absorption was imp.oved by over 28090 ovcIa 9?ical fiber_
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Blass relbicn@ fus€lag! by thc uvl of a ombin.tion oa

fibcrglass and polycthylcne fibcrmatcrials, thc cxtehqn'n of
ihe pilofs scatpan asa sructulal mcmbdand thc r.inforcc-
tnentofthccanopY $ill.

l.lntrodu.tion
Acaording to the FAA and $aring Society of Amcrica

(SSA) statistics, stan/spin accidcnK rccount for 68% of ali
glider fatalities. A study wat thcrcforc, .ondu.t.d to nn-
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prcve composite gljdcr tuselnge design in ihc area of sur
vivabilityaftcrnose down lmpact, which .ommonly occurs
aftcr stall at low allitude. For mctal airc.aft, dcsign guide
lincs for crashworthy siructurcs arebascd on ycars ofcxpe
rience and are well cstablishcd l1l. The recent advcni or
.ompGilc aircrafr primaru strocturcs rc.$ults in a morc lim-
ited sct ofdesign guid.lincs, which aregcn€rally r.stri.iLd
tosirbcompon nts such dsencrgynbsorbin8dcvics and thc
subnoor struclure- Thcse dcvices arc oi limitod valuc f(r
Elider typc d.si8ns. Th€ iorwarcl lusclages ofcuncnt hiSh
performan.e Slid.rs ar. little mor. th,rn an adodynrmi.
fairinS which givc rcry littlc pfl,tcction du.ing a noscdown
impaci. BccausEaercdynami. pcrf()rnanceis critical to glidc.
dcsign, the addition of any signifi.ant struclur€ o. wctted
a@ only for lhc pu.pse of crash(,orthiness is diffi.ult to
justify, due tolarSe pcrformancc pcnaliics.

Most currcnt hiSh pcrlormanccsailplanesatcdcsign.d to
meet thc airworthinss standards of FAR/lAR 22 t2l, which
simply require a glide. turward fusclage towithstand safcly,
the loads dunn8 aerotow and not to (ail whm a load of six
timcs the gross weight is applild at an an8le of45 dcg@s (up
andbacb onthctuselagonore. A glider, dcsigned according
to orrcnt regulaiions, could decclsate thc pilot sa fcly in a 45
deSe no* down impacl at a naximum sinking sp.cd of
approxirnately 5m/*c/ ifa trja ngular dccelerat ion pulsc is
asrm(d. lr should be notcd that thc typi.al stall sFrd of
cunent sailplanc dcsiSns is about 20m/se., and that during
th. siall the angle of attack and ihc Pitch angle in.llase
without chanSing lhc forward sp€ed, thus increasinS the
sink specd. This implica, that for a tyPical stall/sPin icci
dent, only a small fraciion of thc kinetic cn€rgy at imPa.t
could b€ absoibcd by lhc tus€lagc. Thc inadequate enorgy

absorption is thought iobe a factor in the high fataljiy ratio
for glidcr stall /spin accidents.

Inordertoimprcwcrashworthinss, thcmaximum tuse
lage load tolcrance must bc in.reascd. In additiory the de(cl-
eration Pul* rhould, if Possible, be tai)orcd to a moro r..tan-

8',lar shape. Thc optimun d(tclention Puls consists of a
stcep rise, folbwcd by a constant deceleration at the maxi

lnum tolcnble levcl. F'or lhis puls€ shapc, themaximrmde
cclerati('n does .ot changc significantly with impact sped,
but thc ncc€ssarycrush leng:th will incrcase wii h the kinctic
c'nqgy. I f thc fuselaSe is dcsi8ncd tofailataconstant force
the dcccl.ration will incrca$ with dc.reasing Slider mass.
Tho.fotr, thc maximum load thc fuselagc must withstand
should bc.al.ulated wiih thc mitrimum glider Sross wciSht
rathcr lhan the maimum grcss weiSht to avo underusti-
mating the deculcration pcaks.

The pilot's decclcration tolcran e is limited by spinal
load s, which ware simulated with a dynamic responsc mod cl
ihatevaluates thcdcfl cciion of a lunpcd mas, (r(prcscnlinE
the torso) onncct'rt b a spring (rcprcsenling the spinc)
undcr actual B-loadinS l3l. Solving a differential equ.ition
yidds an indcx, the DRI, which dircctly corrcsponds to
sdryival possibility.Tho maximum load in spinatdirstion
foratypicalimpdct with 0.1 scc. d uration wasfound tobe 169
for a hiangular dccclcration pulse shapc and 119 for a

r€crangular dcccl&atbn pule $hapc 14,51. As can be sts
ror rr8urc L rh'. DRI rF ' \liBhrl\ toran invdr- d .r \ia,
pul .e.h.,p . JnJ r: ] 4 rilr,-,lcvalLFof,hn., undu'rr pul.,
for a Nlangular pulse shapc.

Ih typical glidcr fusclage gcometrics, the sbpfing di!

tlt

tan.c ncccssary lo dccclc.a tr l ho P ilot lclyisliljcrthr!rhr
availnblc d ist,! ncc bctw,u thc Pilot'5 s!.]t an d t hr gnr rnJ at
impact. For such a fusclage d.sign, lhr p.{i d.tcl(irrbn
r{ould need Lobc in thcod.roI35g, as$,.ril\g i t,r.ngllnr
decclffation puls. shap., unJ 17.59 a.s!hinS i r.rlrrg!l.r
pul\, .h.,p.. ta rri,p th! p i, t ri.r ,, . ,,," .'. r '." .

gund. Th. limit of 'l69 ((\t l lg) i f pl .s, ]!rs.vrr, rhar

thc pil(n wiLl not bc stopprll iafL.lv urthir tl,r iuiht,lt
riopp'n8 d,.,rnr, H. '1,..1. i''!
Siound, thcincreav\j slrok!,ind cncrgyrbsorlrioi,.ilrnbrl
ity pn)vidcd by theEruLnd.if Sivc th. IriloliSo.1l.f rn
df $,ni\';l Srn.a! tfi.li'nit.d sliltnL-ssorthc slr !Ltnrc rnrlL*
ihcr(t(tangularpulsc imPorsjblL., it is d{sirablL'rr) d.r i8n thr
tusclagc to failat loids i. thc ord€r of l68 r.(l ri, tfoyid..5
much slF'ki, as possiblc lrilhin thc r'xictin6 l.rton)$D.r

tL--

Figure l. Corr€lation of the Dlll and .icpcnd a n(r on de(cl.ra,

2. Method of Investigltion
Crash sinulation5 on quriky scak, sLruchr,nly silnilar

!nodcls werc.ondrcldl to invosliEateand inptuvc tu{rh8e
design with thc goal of dccclcrrting th(. pil(n Jt d .onstrnt
lc\cl, corcponding to the maximum human d{tl.ritior
tolcan ce in spinal dircction. An .dva n ta g. o f th( ., )mPosite
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matcrjals usdl in glidoaircraft is Lhnt the orit in! I stru.hrru
can bc modrll.d a..u ialy at subs.ale by us. of lighror
\rcight, finer wcak matcnals for iho modcl .onstruction.

F()i subscalc tesLing b bc useful, hoB'evcr th. sin,ctural
rosp(usc produclid in a sc.,lomodel jmpa.tmustlcLhc sanrc
as in thc fulls.al..rash IsI. B(]causc thc modds us! thc n(j
tr,. r(yials as thc Drignul fts.hges, rhc densitv, hod !lus and
slr.sscs are thc saDc. Th$cfore, iho quarr.r scdlc of rhc
nrJdcls nnplir$thatthcmJssand€nergy nrsrb.redu.cd by
a ti.ntr of64 Jnd the for.(s by d factur of 16. Cnrvity, which
should, in principle, br in(r!as.dbya factoroll, cnnnotbe
Ll.Jrr.d. H,'w.v, I rt r. I,r rmprl.jn\c orl/ rrr(- rnpJ\t,
whfn ih.air$,,ft slideson iheground and fri.tbn I()rccsdc-
tc_rio. .1" l\',J 01 l1r'i.!u.lun.. DurinB t '. prrn .v rT-
pa.t, the gravita tional forccs arc sma ll in omparison to tho
cl.lstic and incrtial torce$ that determine the structural rc-
sponsc. Thcrcfrnc, $avity can be ncglccted in th(: inpact

Idcaity, thc model t.sts should be run at 4 tnn$ nornal
sp(d for coftNt scalinS. Howcr, the duralion of the
impa.t isbngcr thanthecrit'cai time2 1/.(whcrc 1 denotcs
thc n.ximum l(ngth and c the spccd of sound in thc naro"
rjal). This impli.s that thc stress distribution should not be
timc dependcnl and that quasistatic testin8 should be an
aPpropriate t.\chniqu. to study tuselage irnpact behavior.
Quasistati. testing allows improv€d monjto.ing of thc stru.-
tural rcsponsc and morc careful conhol than dynamic tcst-
ing.Toconlirm thequasistaticappoach and toidcntifyany
timc dependcnt €ftucts such as strain rate or viscosity, a
s.rics of expcrinents wele condu.tud to compare failurc
modcs ofidcntical test articlcs in dynami. and quasistati<

3, Test S.tup
The tests involved borh modcts of different srrucru.at ale

si8n, as kllas ditieFnr malcrirh such as E atas, ahmdc.
grirphite and ultrd hi8h moleculrr polycthrtene. The fu\e
lage model layup was dcvelopcd from originat plans offour
rcpresentativo high per(ormance sailplanes to .cscmblc a
m€an \?tue ofshell thickncss and fiber orientation. The main
structural membcrs, which can be *on in Figure4,consistof
a sh€ll, a box bcam canopy sill and a scatpan. 'lh€ model
corutruction t€chniquc wasidcnrical to thatused in futl kakr
constru.tionof gliddairraft (handlayupwithfemalcmotds).
A total number of t3 tuselat€s scre t!'$tcd, and the rcsults o(
fivcare pr.cnted hcre rn dctail.l l-, tinr ru,ciaSe wnc burtl
with E.gla../epo:! Fpon 615.1o ortjct rhe rclarivcly h gh
sf$ifi( wci8ht and low sp€ofic \rR'ngth oI EAlass, r;o
laye$ of E€lass wcre replac€d by one lay€r of Kevla. .19 of
approximately the samc weight in rha shcll of tho second
f'rsclate turward of the linc shown in Figure 4. The scatpan
of this fu*la8e, labeled thc Kovrar/EAlass tu*lagl,, was an
all K€vlar construction. In tho third fusclage, the Kcvlar was
replaced by a layer of Spectra 900, a new polyeihylene fiber
withan exceptionally high specific strength/ made possible
byan cxtrerncly high molecular $cight. In addition, a fue
1a8€ similar to the Kwlar tusclaSc in which the E€lass (as
rePlaced by graphite {T-300) was addcd bthe tests.

Thc ryasistatic tcst setup is shown in Figure 2. Ea.h
turctage was clanped in thc base of a hydrautic iesring
machine with a haximum skokc of 127mm (5').This strcke
limitation madc it n<cssary to nn th€ quasisratic tests in
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twost.pstoieech thcdcsir.d strukeof 2S0mh.Thcof poriie
clamp of the ma.hinc held a gn,asd sr(.1 Flarc wilh al
inclination of45 d'.!gre1, ihn:h cnsrrul rhtrt the i(\ulrins
contact force achd pd.allel to rh. bi.kn( and rhc pit()tt
spine. This corr.sponds to u pit( h i ngt. 0 - 40 degr..s. ()niv
th. load omponcnt in strokc di...r(,n was mersun,l. Bc
.ausc the contact plate *ns dntslrd udor 15 dcgn !s, rh.
resultingloadappli!'dn,thcru:!l.rls wis I 4itin.\high.r.
Iivc atrain gagcs wcrc bondrrd to rbc N)deh ar dlifu.nt
locations, three ol {,hich .rL'sho( i in r|c ligurL.. Iho tusr
h.erc run ataonstant srrek. ol Sllru! f.r mixutr'""r *r-
do.umcnL(d by vidco and stillthoto.qufh!.

t""...,-._..

rl
*q-.- 1

Figlr 2. Quasisiatic tcst setup.
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Fjaur.3. Dymnic tcst etup.

The dynamjc tcat setup is shown in frgurc 3. Fusl.r8cs
wcrc mounted to a swing assdnbly consistin8 of two r!ir.
braced aluminum bars. Thc s mr ba{ structsr. uscd in lll:
qudistatic tBts was cmployrd. A rigid ahminum plrtc
act€d as the contact surfacc. BocauF oi apparatus limita
tions, it was not possible for both th. impact speed dnd thc
energy tobe {aled prcp.dy al thc sam. iimc. lhc impd.L
spe€d was, thqefore, *t to 5.5m,/{ to mrtch thc scalcd
cnergy of ihe quasistatic tests. lhc signals from threestrnin

Sagesand anaccelerometcr mcasu nE d...lcrattun in lonSi
ludinal direction wfi. monitordd wirh n d iBilal oscillo{_o Pc.
A strubc synchmniz.d vid@ cam.ra was uslrt to Pntvidc
stop action vid@ of cach ihpa.l.
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Figure 4. Geometryof theics! fuselaSe articles.

Figure6. Load vs. strokcforthc KL'vlar/E-8lass fuselage

4. Results
Inthcqud.i:tari. ren.. rheIu.,t.8p,grrnr-lt) d,.fo1n,d

el r.ricdll! unl I lhe n "rodn d, .rrinarro fron th. t,,.ehd,.
shell.Thisesulred in a load drup, occulring ar 55mm strokc
for the E-glass fuselage (Fi8ure 5), and was foloivcd by a
fr-dr,ureot theno... hhi.nrttow.d lhe,dnopy, .tsro,Jtd
out drd lhc lorgiLud ndl luJo d,opprd ,o a tcv.t ur i00\ r^
600\.Tl-i. rpduft d lodJ wuutd corr.pond uJ dc. F.,rdrion
o on.) 1< ro 4.2g n1 1i u1g grci. wuidlr grd.r. lhe
Ke\lar F gd.. fu-elats.b.l-drcd,:nrldrt\. it,,edlldr dL-
bondingat49mm, againto be followed byihe fracturc ol thc
no.e ano a lodd drup Lo i00N ro bc0N,risurc b,.

- 
In.omprri.ol ru rhe t-gt"* dnd Kevlar.",rp.n., .t-o

spL(.ra sdrpJn did nur o,edt dotupth bur pc.h:d - oBr)
rFigur.7,, .o In"r rie trocr wer pul|Fd uut;t rhe n .,..\.
AJL., t\.rcsl rhcbondeJ.ideorr,re5ed,pdr.on.i-r.d unty
or hb.r.. wl-iln hrd brn p- trd our ot th,.ppo\\ n..,lri\ on
lhc tu.cla3u. hFll. ln.5p.. rrJ tdycr oIrh..t-i;o ru..t"gcpr.
vcnted the nose fiom fra.turing and, thercfore, kcpt tte ];ad
atE00N, coircspondingto 5.6g. B{ausethenosedid notfait,

!
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SILLS BREAK

1\

Fi8ure 7, Load vs. stroke for the Spcctra/E-glass fusclage

highcr st.esses .csultcd in the canopy silloI rhr: Sp..tra/E
glass tuselagq rlhi.h brckc ncar their longitud inal Dr id poinr
at strokcs of 125mm and 152hh, respcctivcly. Th..anopy
sill failure in thc E Slass and Kcvlar/! 6lass fusctages oc,
cuned betwccn 160nm and 228mm stmtc, s,hi.h r.sutrcd
in an energy absorption of 1521and 1421, rcspc.tivct)/, up to
themarimum stroke of247nrm, when thc pitot,s scrL would
have irnpactcd the g$und. Due to thc carty taitlrd of thc
canopysiU/ thc cncrgyabsorption capability of thc Specira/
E Slass fuselage was similai at 148J, howevo., rhc more
consLant load distribution p.ovidcd a morc favo.rblc f aiture

Thc maximlm load of the E glass fu sctage in spnral d irc.
tion of1626N, iflncreasld to full scale, corrcsponds wcllto
the 6g cqtification rcquircm€nt in JAR 22 for a rypical
sailpla ne gross weigh t of 180kg. Ihe m odcl fusctagc n ass of
4989 s.al.s to 32kg at full scale, (hich is nr fairty Aood
.rpr..-F1r q(h rvf .d rurs.r.t u..tdb'.. r .. ',. ..;..,...
Thc Bood agrecmcnt in scal{d Loads and +ru.tura1 nasses
betw.cn model and a.tual sailplanc fusclages enhanccs the
confidenccin the scaling approach Dnd thc tL-st rL.sults.

Thc dynahi. icsts supportcd th. r.sults o t rhc qu. sistati.
tcsts by Producing the sam. failure hodcs and fra.ture
pattcrns.Theonlvdiffocn.e br:twccnboth tesr mod.s wa!aFiSure s. Load vs. stroke for the E-gla$ frselage.

1t4
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slighi roiaLion oIih. fusclagcsin thcdynamic tcsL,duc to tn.
fl.xibilityoltles(ing apparatus whi.hdclaycd the failure
events slightly Ah eluhple ir shown in Figure 8 lor the
Klvlnr/E glnss lus.lrgritind its jd{rnti.al.ornlerf a.tuied in
thL. dynamic tcst. l hL. sir. in gage vnlucs arc al most idcntical
in the dynamic and quasisuti. t.sts, apa.t from a dclay of
abort 20mm (eqrival€nt to a rotation of 2 d.grc.<l r.r tl1p

ev.nts in thc dynamic t.sts. Thc minor discr.pancics be
hv..n thc rcadings of gagL.s I and 2 in th. qunsistatic test
liom lT0mm strokcarctho!ghttobcducto thco..!rcn.cof
d!l.mination oi th..:nnopv sillrra.llyat th.r g.Ec lo.rin)ns
on lh. quiisistalic t.st !.li.lt. Companson ltisls !!.rr also
conduct.d for thc Spc.tra/ E-glass {usclag,r and allbcrglass
hrselag(: r'ilh inl.rnal stru.tural moditl.ations with simi
lady good dguJrcnt b.ti!(:n the qua!istati. and dynamic

'!

seatpan can be uscd as a load limiting dcvicc in ordr:i ro
.ontrol the haximum load jn an impa.t. Aftcr seatpan fail-
ure/ prcper dimcnsioning{)fthc sills allowsto keep thcload

5. Dis.ussion of the Results
'lh. rcsults from both the dynamic and quasistatic tcsts

indicatc rhat thc seatpan .ould well be used to stillcn the
fuscl.gcsby holdingboth sidca ofthc canopy sill togcthcr.
Al$), sin.c *rtp!n lail!.. marked the maximun load, its
d.l.mination contrcls thc maximum krad thc glidcr can
a'ith*and. 'lh. failurc modc of thc canopy sill w.s, in alL

cascs,adclamination of thcinnerand outcrf ibf6lass laycrs,
.csulting in a .ompr.ssidr failurc in.ach scp.tuied layc..
Thereforc, thejnteErityof thc scatpan bondingand thc nosc
arc scen iobcimportani for maintaining a .onboll€d de.el
cration pulsc at thcdcsircd load.

Dueto the lora' com prcssion strcngth of th. organic fibcrs
(Kevlar and Spectra), they havc a lowcr bcnding stiffness
than E glass. This auowed lhc c.trly d.lamination of thc
seatpan. The high t.nsile strensth of aramide .ould not
prevent,only dclay, th. nosc frombrcaking. Als, the giaph
itclK€vlar tuselagc showcd an un fa vo.ablc fracturc bchav-
ior, although absorbinS 40'/. more en€rgy. The Sraphite
stru.tuie broke .atasbophi.?ll, r'sultin8 in high load
changcs.In addjtiory th. fracturc r.sult.d in sharp forward
facing edgcs, which havc bccn obscrvcd in accidcnts to dig
in theSround, resulting in high I loads inlongitudinaldircc-

Thc u.c "fcpN rrd hJ. rt, pu, nr rl^fp-evenl,nSprerd
turefailurc ofthc structurc withlittlc weiSht jncrease. Due
to its iow .ompression strength, howcver, Sp<tra should bc
employed only in arcas loadcd in tcnsion. Thcrclorc, ihc
canopy sill, which loads mainly in.ohPression, shorld be
made of fibeiglass, cnablinE ihc sill to remain intact up to
high strokes owing to its loir modulus. A combination of
fibcrglass and Sp€tra appeais, therefore, tobe thc bcst ma-
tPri,l.loi.. of thoq. r:xam inrid

_:"_ _+_---

6. Improved Fuselagc Results
Numcric simulation using a finitc clcmcnt sdc (ADINA)

a Mi.rcVax ll cohputer to investigate the
potentialsof 6nite element.odes in.rash research.Thetoad
distribution and the d€formation .ould be hodelled very
aaurately for thedifferent tuselaSc gcometries in the lin€ar
dcturmation rangc. Sincc no lcalistic lailurc.ould bc simu-
lated even when nonlinear matcrial models were used, the
computations w.rc only uscful for optimizing etpan dc-
sign and strain EaEe locations and comparingtheload distd-
bution at difturent impa.t anglcs. I t .o! ld be shown, thr t the
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Fi8ur. 8. Comparison of the stra in gage readings for quasis
tatic anddynmic tcst.

To investigate thc bcncfits o f th. proposcd nodifi.arjons,
an additional, ihprov.'d fus.lage sas built and tested. Thc
scatpan geometry is cxt.nded forwa so as to d istribure thc
strcss pcik in fansvcrsc tcnsion, whi.h lcads to early del,
amination. In addition, an improvc.l .onstiuction tcchnique,
whichrcduces the peel scnsitivitv of the scatpanbondinS, is
employed. This is accomplishcd by fi.st bonding in an E

Slass franc and then adding an opposing E-glass corner
layer (sec scction in Figure 9). A thicke..anopy sill can be
used to raisc the stiffness, but will have a higherstlcss level
at the samc strckeand, thercforc, fail earlier.Th. thickness
chosen in thc model (10h m) cnsurd thafthe .a nopy siLl kcpt
th. load at a high level up to the maljmum stroke. The
canopysillwasbuiltarcunda tubeof diagonallayers Mapped
around a foam corc, the fibers ran hom the outslde io the
inside layers to pr.vcnt delaminalions.

Figure 9. Gc'ometry of improv.d fuscla8e.
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Thc maberials us.rd in tho improvcd model wcr€ a.ombi
nationotSpcctra and E glass. Since Spcctra with its cxtrumc
spccific strcngth had provcn to cfficien tly prevcnt fracturcs,
thc shell and thc scatpan consistcd of a Spc.1n layer, covercd
on tDth sides with a thin glass lay(.r tor berrcr bendin8
stiffncssand bonding p.oporties.Thc nr,rtpan framc and the
.anopy sill us,rd onlyE Slass,b(:caus{] hncthebondingand
compression stEngth arr of grr'atcsr im Fbrta.cc. tlccausc of
material avajlability, only bidirern)nal fabnc was uscd, so
wciSht in.rcasowas 507o highd ihan nc($sary- I{unidir.c-
tional layqs would havc bccn cmploy(d for rhc rcinforcL'
mcnt, thc weiSht would have b.u about 650g.lhc struc-
tural im provemcnts *,ould correspond to an incrcdsc of on ly
3.8% ol thc sailplancenply weight.

In thL qunsisldtic tesi, ihc dclamination oI thc s.aipan
bcgan at a load of 1850N.rnd a stmkc of 60mm nnd rcsutr(\i
in a fliucninS of the load in.usc (srt FigDio l0). Thc
maximum load wis icachcd at a stn)kc of l25nrm with
2535N, cquivalcnt to 18.49 in an impa.t. 'lhe load drop at
l27mm isartifi.icland c rs{d by thc rcscuingoI rh.icsting
ma.hine dDc to rhe limitdl maximum strokc- Ihc drop ar
145hm and l5lmm (rokc indicatcs thc final fJihrc ot Llrc

seatpitn. The bonding of tha frame b the fllclage shcll
partially p€led and thc franc partially brckc.'lhe htah
nrmbcrofiaycrs in thc canopy silt limitcd the load drcp to
1770N and lct it grow to 2220N at 2(5mm- At ihis point, the
test was djs.ontinu.d, neithcr the.anopy sill nor thc nose
having failat. At 153hm tho gla ss layeB of the shcll bcgan ro
devrdop.ra.ks, but thc polycthylene laycr ptuvcntcd th.'m
ftom growing and leading to a premature fdilurc of thc
canoPy sill. On Lhc inside ofthe canopy sill, thc laytn on the
surfacc showcd dclamjnatbn bubbles, indi€ting cxtreme
comPres5ion,l}lc absorbeil cncrgy was wilh 432J apprcxi
hntcly threetim€r largcr than for tlecarlicr fus(lages, and
thc fAilure nodc was erircmcly lavorablL', bcing dlmost
univorsally rway from thc pilot and leaving thu scatpan
nearly undafragcd- Thc hiShcr apparcnt stiffn.ss of thc
improvcd tusclatc is partiolly a rsulL of an improvcd tcst
moun tin8. Figura 1 I sunr rn arizcs the rcsults ot ci(h quasi!
tati. tr'st and in(ludes thc sp<jfic €n4rg, s,hnh is the
absrrbcd energy rclal.d to th(: mss of thc fuselagc, a nd thc
absorbcd enc.gy referrcd to thc kinetic cncrgy ot . 330k9
sai\nanc in ar impa.t with piLch angle 0 = 40 .lcgrucs and
anglc of atta.k d= 10 dc6rc.s ar 20m/scc.

Conclusion
Thcdynarnicsof a noscdown impactoccurring.it(ra stnll

at low altitDdc !rcrc invcstiSalld and qlaricrs.nle compor
jk! modcl t.:sts wcru,r'nd u.k d lo improvc lailplan. fusclaBe
dcsiSn rnd tcsting tcchniqrc. 'lhe f(tluwing .$ults wcrc

9rilplanc hisdagc gcomotries and thotimired do$l$a-
tion rolcrrncc of thc pilot mnl., thcsfe dL\.lcratn)n oi the

Prlol in a nosc down inpact only possihl( with signiticant
ch.ngas in lusclag,r dcisgn or rdditionJl onogv rbsorpti.r

Im paci bchavk,r ofcom positc fusel0g(s {as f(}u nd to bc
similir in quasidali. and d-\rnnmi. ksLs, both in i$ms of
faillrrc modcs and sircss at fdilurc.

-Fu 
y,la8cs .onstru.tcd of Slnssfibe., Kcvlar49, Braphilc

T-300 dnd Sp<tra 900 polyclhylcne 6b(y were tcst(ll. Thc
b.- r.( rfl) ,,b{,rf,ior hi ril'i.vedwirldlur','dcuin!o
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Figrre 10. Load vs. ttSrokc for ihc nnprovcd tusdagc and
comparison b E-glass fuelag.r.

fD$bF^eft<nl43i6j

MA

,iab'/E,Lg'al'5

sp€r.c8lrst!30

r.gbgs:t{ift.e4!sF-i6(adF\

tNt IJ13t tqt

Figur 1r. Sunmary of the quasistD tic tcsi ri

.ombinauon of Spcctra a.d libcrglass. Owint b iis lrigh
Lcnsilc sLrcngth, Spcclra yield({l the bcst rcsrlts by sLrcc.si
fully prcven tin8 rr'nsion .n(king, and glasstiLL'r sho il.d thc
best pcrforman.. for stmctu.dl omponcnh l(',idcd in (\)m

Modifi.arions in thc glunctry of stn,.tural nrclnbeN,
includ ing the cxtcnsion of thc scatpan a nd inpnrvcnrcnr of
theb()nding io low,x pol r.nsitivity, and rcinnr(man! of
tlecanopysill wc.clorn{l to imf roycenr.llyrb(rprn)n sig,
nili.antly.

En{'!yaberption trasinpn)v.dLya ra.rd ol2.g,lrum
132.9 Joulc for thc fib.rglass frs!'laEc to 432.1joui!, byuse
of the stnl(tural chdngcs rn.nrioncd rbove and th. ()lrL..t
appli..'tion ofSpcchd nnd E gl.tss.
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