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SUMMARY

A method is presertcd to prc'dict drc l;fetime o[
s,rilplancs by thc experimentnl and nnnlytical invcstigation
ol spars as thrir highcst loaded prinrary struct ro. ln this
.rpproach, thc knowled8c.bout thc iatigue behavior of th€
spar c.p or fl,1'rgc.1n.l thc shc.1r Neb nrntcrial is us(.d, sinc!'
thcse are tho lnain load carrying fiber components of. spar
bcan. In an FE (Finite Elcnlmt) aDalysis, thc strains of a

spnr bean aru calcuhtcd and compnrcd rlith measure-
mcnts. On this b.sis, a liictinre calculatior is acconrplished
ior the shenr \\'eb which is more fatigue-sensitiv('thar the
llinBe. li shows that at thosc maxim!m stranls, thc lifetime
\\rmld achic\c thc very high and rathoracademic fi8ure of
nore tha'l l0 million fliBht lrours. Undcr application ol the
lincar Palmgnrn-Miner rulo, this lilctimc corresponds to a

load cycle number in a prooi test oi.1l'out 10rr whei the
spdr beam is k)adcd in I nlonotonic k)ne-step) fatiBue test
up to the desiSn load. First results achicvcd b! tcsting h{o
sp.rs correspondingl), conairm that this method ma), be a

ncN anc-l bcncficial possibilitv tor lilctime approval of
siilplanes.

R = -u/-o shcss tatio
RT room tenrpcraturc
5-rl cur'\'c shain-load clcle curle'

1. INTRODUCTION

The statc of certiliccl lifetimc' for thc most modenl
sailplanes Drade of conposite mat('rials is 12,000 flight
hor.rrs. Somc glidcrs havc, horle!,er, ilread), r('acltd this
limit. An cxanlple is an ASK 21 that has flo$'n in a club in
thc U.K. and passed the sct limit in 2001 (1). O$,ners of
other sailplanes Dra), not documrnt tlrc colnpl!'t€ flight
time, aearinS the extensnn ot thc oifi{ial servic! life. In tlt
past, scveral tin]cs intcnsive servicc liie tesis $,ore accom-
plished in Ccflnany k) incr€ase thc ccrtified iinrc of flight
hours oa fibcr r€inlorced plastic (FRI')8tiders, raising ii fiIst
fro'n 3,000 h in the sixties to 6,000 h nr the earl! eiglrtios
and then k) 12,000 h ir the late cighties (2-5).

In the mcantime, thc kno$4edgc about thc excellent
fatigue behavior of FIIP has gro\\n. Expericnce Bained
from test prl)Sramnros r|ith materials used i'r sailplan€s,
light aircraft and wind L'nergy turbines, as Nell as com-
Lrined with approaches in lilctime prcdiction strongly sLrg-

gcst that thc possible scrvice life of FRP gliders may still bc
Druch lorger tharr allo\1cd at the moment (6 8). Load spec-
tr.1 tests \ruld mercl-v prolong the certified lifctime tor a
c€rtain anlollnt, ho\^,evcr woulcl not be ablc k) pro\.e the
I-Rl I lrLr(nt.rd\.rnr,rFl],{r. fnriSLr( properti(s.

Instead, n$r' tests $,crc rradc to 8ct morE p|oti)und infor-
mation abo!t the possiblc litetimc L')' means of a one-step
i.e. constant amplitudo f.ltigue test on a spar bcam repre-
senting a sallplane wing. For this pLrrposc, lifetinre infor-
mation is nceded about tllc nlaterinls that traDsfcr the loads
in such a structure, i.c. relelant s{ (strain-l€cl c},cle)
curves espccially oi lhc cap and th(' shear \!r'b material.
'lhe proceclrrre rvill cnd rp in a bctter knor4cdte on the
possible iaii8ue of a glicler in a siSnificantly shorier timc
than by means oftlrecommonlt, used multi-load level sen-
ice lite tr\ts.

2. SPAR BEAM STRUCTURE

Six spant Ncre desiBn&l and produced b) a Cc.man glid-
cr manufacturer Thc box b€ams had a length of 1.90 m as

shoh'n in FiB. l. A t\ (Fpoint fixturo llcld each bc.m at t\ rc
bea ngs that Nere loc|tcd at onc c'nd and 0.39 n1 apaft. A
sinSle bad r\'as applied to tlrc othcr cnd ot thc b€am.

The sp;rr cips that $,cre laminated rv;th HT-cnrbon tiber
rovings ancl had curcd separatcly \^,ere Ln)ndeci to the
sanci,vich core of Rohaccll 51. Thc shear wctrs were wcF
lamhated on each sido ofthe core \\'ith t{'o laycrs 1'15" ori-
ented plain glass fabr;c 92115 (iinish FK800) fn)m Intelglas
r{ith the cpoxy resin system L335/ H340 from MCS.

Thcy ovorlapped witll the caps in order to incL€ase the
t'onding surface. The spars rvere strcngthened in the arca
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Figure l: Ceometry of spars.
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Figure 2: Test section.

wherc the load was appl;ed and then tapered to 275 mm
lrom the rnrer irrF\eFe L'ernng. l-rom Lh.- pu.ilion on.
the spar had constant dimensions. Thus, it had a defined
critical test section u,hcrc fa;lurc {,as expected and where
it was fitied $'ith sirain gauges. For the geometry and
d;mens;ons of the spars see Fig. 2.

l\/leasurement section

Failure section

The sparc \,ere designed for a single transverse load of
6.33 kN corresponding to a safety factor ofj= 1 and should
fail at more than j = 1.725. The design philosophy rvas, that
in a static test the shear $'eb should fail before the cap, i.e.
the maximum design stress of the cap should stay a certain
amount belolv the design allowablc- As to thc fatigue
aspect, it was already demonstrated in (8) that ihe fatigue
evaluation of the spars can be focused on the web naterial,
sirce a glass-epoxy (cl-Ep)plain fabic shear lveb is much
morc sensitive than a common Cl Ep spar cap material.
This is especially valid for the applied graphite-epoxy
(Cr Ep) material used in the spar caps, since iis fatigue
slop€ (k=30) is considerably less steep than that of Cl-Ep
(k=10) (6).

The desisn procedurc of the $,eb was carried out accord
ing to the
rcquire-
ments oi the 

^-, 
lt.l=

VDI afticle
2013 (10). h1

this docu-
ment the load;ng tcrm

is defined acting in the dircction of the 145" oriented fibers
which is related to the load bearhg fiber volume. lt is antic-
ipated in ihis approach thai ihe res;n mahi)< docs not con-
tribute to the strength.

Tn case of ihc spar lvcbs, thc tcrm kod# is composed

manrly by two parts that result fron shear loads and spar
flange elongation induced by the bending moment. A thid

Transverse load
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Figure 3: Disk model of FE-analysis simulating rhe
test section of the spar beam.

part caused by the comprcssion load between the cam-
bered upper and lower spar caps which normally plays a
minor role, is, howevet also retarded. A failurc of the web
occurs when the sum of the three parts exceeds a ctitical
value (19 km at limit load) and, thus, a fiber is overloaded.
In this theory it is ofno importance which part contributes
more to the failnre. Therefore, it was used in a first step for
the torsion fatigue investigation on cl-Ep tubes with a45o
lay-up as described in 4. where the kod* value is repre-

s€nted by pure shear loads.
For a sound iatitue evaluation it was d€cided to install a

number ofstrain gauges at the spars and the statically tesF
ed tubes. Acomparison of the strain measurements on
the spars and the tubes at the defined limit load case
(ko6g=19 km) have shown significantly different values.

This can be explained by the applied VDI 2013 procedure
which does not consider the influence of the foam cor€
stifiness (C = 30 MPa) which in ourcase is very high filting
the whole area of the box beam. Thus, the new referenci
value of k6df in the spars is 13.12 km that results fuom the
ratio of the measured strains in the tubes to the correspon-
ding strains in thc spars.

The strain gauges on the spars were distributed over the
height of the cross section of spars 1 to 4 in order to get
information about the strains close to the spar cap. This
was also useful to compare the results with those of an FE-
analysis (9) which was done parallel. The geometry of the
beamsas wellas the material properties were considered in
the FE-analysis. The test section was modeled as a dislt see
Fi& 3.

The strains and stresses were calculated at the limit load
(1=t1. 1h"t" was good atreement between the calculated
strains and the measured ones desrribed in Chaprer 3_

Figure 4 presents the calculatecl distribution of the com-
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Fig.: 4: Compression straings in the web fabric,45. to spar
parall€l axis (illustration 90' twisted.

pression strains versus the height of the beam of the web
fabric at an antle of45" to the spar-parallel axit i.e. in fiber
direction of the 145" web lay-up. While rhe loadint capac-
ity of the perpendicularly oriented fibers in the middle of
the shear web is well balanced, it is biased in the area close
to the spar cap due to the bending induced strains jn the
outer phase of the spar beam.

Althouth the sh€ar web is highly endangered to fail ear-
lier due to fatigue than the spar cap the FE,analysis also
shows other critical design areas. On the upper cambered
surface, larte radial tensile stresses exist along the longitu-
dinal edges of the glass-epoxy lay-up of the test sedion.
Additionally, the principal stresses between foam, caps,
and shear web are so large that premature cracks can occur
in the matrix due to aatitue, see also Fig. 5.

3. SPAR BEAM TESTS

The 6 spars were investigated in an assemblt which has
been well proven in other static and fatigue investigations
on similar structures. lt is suitable for testing individual
spar compoDents o. two simultaneously in a twin test bed
(e.8. for time consumint load spectra tests), see Fig. 6.
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fatigue inlestigntion, stniic tests at room tcmperatlrre (RT)

to ihe desigr load xere canied oLrt. Afier a sinllrlaiion oi
36,000 flight hours no stiffiless change could be .lete.ted
and thc iests \r'erc coriinucd h 72,000 flight hours again
wiihoutan), siiihress changc. In the staiic r€sidual strength
tests at5-l"C a safct), fa.tor o12.0 \\'as rca.hcd lorboth cor11-

porents, nrore than the unq,cled ones.
The strain measuremr.nts at ih..si'.1 spnrs sho\a,cd that the

spar caps ha.l the nltendecl lo\\'strains. Thc absolutc a!cr-
agect design refercnce strain in thc shear \^,cb cvaluate(l by
the 45" strai11 ilalrges that $ ns closest to the sp;r caps, rras
aboui -0.351r'1,. This is i11 good agreenrent n'ith the rcsults oi
the FE si ulation. For lifitinre calc!lation, this value mrst
Lre comparc.l i.ith the corLesponding shain in thc torsion
ilrbc tcsts, scc Figlrrc,l.

The one step fatigre tcsts \\'cre acconplished on the
spars No. 5 ancl 6. Thc rnaxinr.rm positivc load was the
desisn loacl (6.33 kN), trhereas the ncsative loa(t corre-
sponded to that trom the !rl.liagram (utility catcgoD, and
KoSMOS2. Fol spar No. 5 an R-value of 0.55 was chosen,
for No. 6 R = 0.5. ln contrast to the other 4 spars, these
spars \^,ere supplied s,ith strain gaugcs onlv or1 thc flaDgcs
and at thc cenlcr oi the Nebs. The lack of intornation x as

admitted, since the strrrctlrral behavior s,as expected to bc
.luitc similar b thc othcr spars.

The fatigue tests \^,cre carried otlt rvith a nequenc), of 1.5

Hz. Static inspection tests gavc thc information abolrt lirst
sigrls of stiifDcss dcgradainD. The loacls, cteflections, ancl
sirains at the caps ancl the $,eb !\,erL' doclrrrente.{.
Additionall),, the sPars i,crc insPccicd continuously Lry

eye, especially near the edges oi the test section.
Spar beanr No. 5 was loadc.l until .186,200 load cYcles at

R = -0.55. Aftcr that ihe tesi \r'as siopped due io a failuro of
a steel fitting at the end iixture \\41ose rcpair $as difficult.
Aiter about 10,000 load cyclcs sonlc snlall cracks started io
occul at thc cdgcs of thc iensile spar cap in the area of the
aclhesive (filler thickened resin) Lletlleen foam, cap and
shear \\'eb- Thc nunlbcr of cracks incrcased linearli \\,ith
lifetilne. At 31,700 load cr-cles, a delamination fla$
occu ed in the edge bch^ccr1 conprcssiol cap and ihe
{cb lanrinaic, u,hich did no! propagaie latcr on. These
events can be explained \a,ith the lligh sh€sses in that arca
shown in the FE'calc lation. Spar beam No. 6 $'as loaded
in a similar procedurc at R = 0.5. After aLrout 68,000 loa.t
cycles, the test had to be stoppe.l, bcc.Lrse thc rclativc brii-
tlc foan startcd b lail (friction noises). This could have
eventually led to a bucklingiail reoitheshe:,r$cb.

The crack io ration of thc adhesivc was sinilar at troth
spals. As an cxample, Fig.8 Bives a vie$,at the describe.l
area of spar No. 6 after abo|t i0,000 loa.l cyclcs, \\licrc
veL), few cLacks wcrc nlcrcly visitrlc (see clashes at lo\\'er
eclge).

The Figur€s 9, 10 and 11 show plots of thc deflection, the
sirains in the shear webs, ancl in thi' caps of spar bearn No.
5 versrs the nrmtrer ot load cycles.

The static tcsts ol thc spars $'crc a good Dleans to clctect
thc stalling point and the possible cause oi stiffness

=,

Figurc 5: Principal sh€sses in the aclhesive.

At first, t\,vo sparc werc tested statically at 5:1'C in order
to show ihat clesign ancl Dlanufacturing had been (tone
properly. Then ihe spars No.3 and 4 r,ere fatigl,cd i{ith thc
load spectra standard KoSMOS2 (11-13) and tested inLli
vidLrally fol residLral strcngth at 54'C.

Finall)', one step iatigue tests werc caded ont on spars
No. 5 and 6 urtil the lirst failurc occurrcd.

The static fractuL€ tests \^ere caflied out at the lirst spar
components accokiil1g to the normal proccdLrrc:j=1 at

roonl tempemturc (RT), thcn j:l at 5:1'C and finally the
Irachrc tcst at 54'C. Both sparc shorved a sufficie tly high
safeti' factor of about 1.725 $,ith rcspect to ihe dcsign
allowable of ihe shcar wcb. Fig. 7 shorvs the failLrrc of spar
Lream 2 close to the critical test section.

The secon.l pair of spal.s i{as icstcd rvith KoSMOS2 (11

13). This versio,r of Lhe load spectrum standard has an
onission of all loads belo\^ 17.14r. One life cyclc corrc-
sponds to 6,000 llight hours. Bcforc, dlrring and after the
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Figurc 8: Cracks in the adhesive of the (lowcr) tensile
cap area of spar Lream 6 aftcr 10,000 load ci'cles marke(t
by ctashes ai thc lollcr edge.

change. lt is obviolrs that the LreginninB is relativelv early
comparcd to the total lifetime. The dcflcctiol does not
change sig ificarltlv bcforc 30,000 to 50,000 load cycles arc
reachcd, see Fig 9. Alter 20,0001oad cvcler the strainrneas-
urement results of the shear s'cb and the caps that arc
shorvn in Fig. 10 and 1l rc!,cal a latigue behavior that is

nxn€ likely clue to strah galrges failirg than due to drc
spars themsel!es. Bccause the gauses rvere not rcplacecl
early cnough $,ith ne\^ ones, thc Iast static test provi.tes the
only prove for this, since the signals of the nei{ galrges
present thc iruc behavior of the spaL. Whilc the signals in
Fig. 10 nrdicate a weakennlg of thc shear web, those of thc
spar caps in l.iil. 11 do not sho\v ani, chante of stiffncss.

.l'e difir r|rt . ,rnge! . r...tnts.- "t h, r. r.Lr. -par
conrpollents can be explaincd i{ith the fact that the

Braphite-epoxv spar caps arc not as critical to fatigue as the
glass-cpoxv web material. The apparcnt decrcase of the
shear web stiffness ma), bc influenced by the dcsc bed
crack formation in dre adhesive. The combinatior of trotll
cffccis leads io the incrcase in spar dcflcction. ln sumlnary,
no signiiicant rise h stiffncss $'as otrserved for either icst
spar Lrp to 30,000 load cycles.

4. LIFETIME EVALUATION

It rvas demonstrated in (8) ihat the lifetime of thc wcll
material is somc orllers of Inasnitrrde lo\.er than ihat of the
spar caps. The experience hom thc spar beam tesis shows
that the shear !\,eb (hcludil1g its c nection to the spar cap)
seems to bc the $eak point ol the stncture. (8) also lists
clrrves of the fatigLre behavnn ol glass epoxv tlrbes thai
have the same lay-up as the $,eb lnaterial of thc tcst spars.
Thc iubcs \\,ere sLrbjected to cyclic torsion loacls. Whereas,
ho\t'evel (8) presents thc icsi rcsults in terms of shear
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FiBurc 9: Spar Lrean 5, deflection vercus load cyclcs

TECHNICAL SOAR/NC



tp

E

-1

?-statn gause rElrt * ls'l

I

1000

Load Cycles

Figure l0: Spar beam 5, strain in shear r^,ebs versus load cycles.
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Figure 11r Spar beam 5, strain in spar caps versus load cycles.
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stresses (MPa), the pres,rrted values hereh nrc in terms of
strain ('11,) in ordeL to rule out a dcpendcncy on fibcr con-
ient, which influences the strcss levels. A(tditionallv it
rllo\\. d, ro* rrtrrcri F $ h thr \tr.r. r,,h.rt,\ Lrc ob'e, ed
in the shcar ('cbs of the spars.

As describecl in 2., ihe k64r value oi the tlrbes is pro-

duced by pure shear loads:

kodl = Mt/rrclnrm2

$ ith torcion Inonleni Mt, n number of fabic lavers, a fab-

ric mass per m2 q anct a meai radilrs h1.
The strain that was measurcd in thc l4s'-fibers of ihe

statically icstcd k)lsion tutrcs ai kodr = l9 kDl(clesign limit
yalL,c)n'as slightly lnore than 0.5it. Horvever the relerence
strain in the spars was about 0.351;, thus yiclding a nlaxi-
mum kods : 13.12 km (see also 2.). This value will be ihe

basis for the Iifetime consicleration of the spar web.
Fig. 12 sho$,s the s{ cunes for a45' fitrcr-glass epoxy

ilrbcs that wclc subjccicd to krrsion lo.rds !\,ith strcss ratios
of R=0.1 and R= 1. Thc fabric as well as the epoxv rcsiD
L335/H340 arc idcntical io ihc matcrial lhat \\,as used in
ihe iest spars. The siress or strain raiio, R, is the ratio of the
nlinimLrm strain, €Lr, over thc maxilnLrn shain,€o, lhat thc
tcst spccimens i{crc tcsted n,ith for the load cycle dia-
gra'Is.

Fig. l3 rcpresents the corr€sponding consia.Famplitude
lire (Haigh-) diagranr, $4rich is usecl for the lifetime calcu-
lation.

On the basis of thc thcory dcscritrcd in (7), a lifctirne pre,
dictior u,as carried out for the tubes. The reslrlts of thc
maxinluln strains in thc 145alav-Lrp versus lhe c),clcs
accordhg to KoSMOS (1 cvclc = 6,000 flight hours) are
shorn iD Fi:i.14.

The liletime ai a nlaximum strain of abolri 0.351i, can be
obtanicd from this chart assuming that this kin(t ot lileiimc
precliction also applies to the fatiglrc bcha!,iol of lhe !\'ell
material near the caps. It is about 6,500 cycles oi KoSMOS,
which conesponds io 39,000,000 flight hours.
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Figltre 12: sj1 crr'\'cs of i(nsion tutres (92115/FK800, L335/H34il) with 1il5'l.y{p fof R=0.1 afd 1, mean values.
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The ecllrivalcnt nlrmtrcr of one-siep load q'cles can be
folrnd bv plotting the mean and ampliilrde strah n'ith the
maxinum appliecl strain ot_o=0.35'li, and a stress ratio of
R:-0.5 ol -0.55 into the Haigh diagram. The rcsulting fig-

m = (_o+_tt/2: (_o+R'_o) / 2 ' 0,0881rt,

,a=( o u)/2=( o R. o)/2'0,2651i

They intercect $'ith the Il = -0.5 or -0.55-radials at alrout
1.000.000 load cyclcs, scc Fig. 13.

The lifetime prediction was perfoLned using the mean
values (50t, probability of survn,al) oi ihc nlcasured data.
It can be assumed that ihc invesijgaiecl spars possiblt, have
achicved lifetimes close to the theory, because no compos-
iie rclated failures \{erc obscrvcd s41cn ihe tesis Nere ter
minatcd for other rcasons. Thlrs, it can be concluded that
lhe e\peflmer,l .r'o rLJ rhFore. .a lrcni.li,'n .'r( ir <rgrLe-

The rcsults lvith the test spars can onlv Lre related to the
s{ cuNes of torsion tubes that are of the samc compositc
material. Many sailplanes arc manufaciLrrecl \,vith lnterglas
fabric s,ith FK144 sizing ancl the rcsin svsten CE 162/C260
trom Shell. In or.ter to be ablc to conpare the fatigue life
predictions of ihc hlo different conposite materials, the
relative fatigue load cycle cuNe ol the .ompositc s,ith thc
FK144/GE162/C260 version is also plorred nr Fig. 14. This
data is based on erpcrinlcntal results with torsion tubes,
i{hich are shown in Fig. 15. lt shows a slightly loiver
fatigue life ihar the tubes rvith ihe other

sizing and resin s)'stem. The curves would be closer and
intersectat a loller strain when the propertics arc rclatcd to
ksd# and not io the strains. The rcason seerns to be in the
stiffness of tlle matix $rhicll is rlot consi.lered in the VDI
2013 approach.

For corrparison, Tab. I shorvs the correlaiiorl oi the str anl
and the shear modulus for the tl(o nlaterials at ksdf = 19

Fab c
92115/FK800 L335/H340 -5.045 9.76

92115/ FK144 CEr62/C260 4.851 r0.s9
Tab. l: Strains in tiber direction anci C-MoctLrlus of +45'

plain fabric Cl-Ep tubcs at ksdS = 19 km
The slightlt, smaller nodulus of L335/H310 caushs a

hisher dLrctility could be a reason for the better fatiglre
behavior of this lanrinatc.

5. CONCLUSIONS AND OUTLOOK

The clLrestion $ as invcstigatcd i{hcthcr onc-step fatigue
tcsts on the spar shuctLrres can be used to get usetul infor
mation atrolrt the possible lifetime of a sailplane.
Addiiiollal to thc cxpcr-iments on six sparc, fatigLre tests on
torcion ilrbes werc caried out. The),sinulate the Cl-Ep
shear webs, wllich arc thc \{cakcst compdrent of a spar
bcanr. Thc lifeii]ne prcdiction that is based on the fatigue
cunes and ihe sailplane Ioad spectra standar.t KoSMOS,

suggests 39'106 possible flight houls s,ith a maximum rcf-
ercice strain of about 0.35r;, in the 45' fitrer dircction. This
is the averaSe strain hom the measlrrements ivith the four
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FiSure 15: s-n curves of tolsion tulres (92115/FK114, CE162/C24,0) lvith +45'lay-up for R=0.1 and 1, mean values.
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iesl spars. Th€ theorctical Iilctimc cquiYalent \\'.1s lirund to
be abouL 1t)6 lond cvclcs in a onc-step test.

T\1o spars \'(''c k).rd.'d in .r static frnctu('tost at 5.1'C rp
to the rcqLri'cd s.lfetv factor ol 1.725-]l!o othcr'sprrs (crc
fatiglr!'testL.d with the shndJrd KoSMOS to 72,000 alight
hou.s rl ithout an! stifincss chanso. Botlr denronstrated nl
a rcsid!al strcnsth tcst nt 5:l'C a high lact(r of saicty of 2.0-

Next t\!o spars wure i.rtiglrocl in a onc stop tcst at th(' ret'
€R'ncc strain of 0.35';.. These tcsts had to be stoppcd
bc'causc of thc failurt of .r stcd iitting .rt onc structure with
abort t).5'l06lo.r(l {\'clt's nnd aboot 0.(17'106 k)a(l cyclcs at
th( .,th(r r\her( thtlr.rn<iniclr cor( ri'.rrrr t.rilLd loo rrrl\.
\(r(r(lrcl.-- ir r\.,, J(rr!ri!lr.rL\l ltr.rt .rt lu.r!l .rt our lr.rll ;l
thc prcdictcd litctinr.'cnn tc .ichicvc(t if pi:'rrnturc failurc
otllcr th.1n in tho t)rir11.1rv conrposiLc shucturc could bc
avoidcd. Thus, tho us{rd approach of lirctinrc prcdiction
s.'oms to L1c a frtLrro possibilit! lor thc al'proval ol.1 high-
er sen ice life n,r sailplaies nnd light aircraft. It should bc
acconpanicd by daLr on crack fornration .rnd possible stifi-

For strLrcturcs \\'ith tho iDlposod shains, the'most inlpor-
tant rcsrlts oa lhe invesligation cnll bc sumDnrizod in the
folkn{ingi

- ln the one step tcsts to ihir linrit load ni R '-0.5 no sig-
niticait stiffness ch.rnge s.rs otrsL'rlcd !"ltil 30,000 load

' At 1O,(l(lil lond cycles, airst clclaminations or crack for'
nrntions stnrt&i nr thc.ldhesi\('r11.rterial, i.c. r1o visiblc
signs oi fatigrrc bciorc that.

' Folknving the thoor\, lt),000 load cvclcs concspond to
about 390,{)00 flighl hol'rs-

- No tatigre could br detrctcd nt ihe spnrs testrLi by thc
KoSllOS st.nd.ld lo.1d spoct.um b 71000 flisht hours.

- Those spars shos cd a snfet! fack)r of 2.0 in a residual
sLrtic strcngth tcst nt 5l'C.

- Hence, .1 lifetinr('oi 50,000 h ..n bc rcconmend!^d \!ith
a high sar('tv iackrr on litc.

Ho$c!,.'r in sailplnlos, the linrit dcsign ksd+ is normal-
l\ lr'Bh.rrh.,r iI lh( l(*(,\l \f.rr-\i ir.le\\h).IIc('rcnr.rt(-
ridl is (sed thin in this progranr. As in cramplc, the ASK
2l m.rrticnrcLt in (l ), his .1 nraiirnunr ksd: of about 15 knl
co'respondinij to il rcfc'rcnc('strain of slightlv Droro tha'r
0..1'r;. Acrording k) FiL. l-1, this $ould lend io 1,000 cyclcs
ol KoSMOS. Furthermorc, this glidcr is nr.rnufacturcd $ ith
lhc rcsin (;El6:/C:60 lronr ShollaDd IrterSlis fibric \\'ith
FKIJl sizing. Usnlg the corcponc{ing clrvo in Fig. 1.1, .10(l

cvclcs of K(rSMOS nrc e'qui\'.llcDt kr 1,10(1,00{) tlight hours.
Thc osr. ot pl.rin l.rbrir i,r the shear $,otrs of i glider rould

bc .riti.al, hol!c\,('r r hcn the spar s oL,ld I'c dL'signcd I(,
th('allorauc of ksd: - 19 kD. As shoNn in FiS. l.{, this
\\r)!ld rcsolt in anl cvcles oi the KoSMOS spcctrom or
i6000t) flight houl\, b;t this $ ill nol bc n p()blcDr, since in
most casos sailplanc lfing spirs h.rvc t\\'ill fabri. in thc
highcst loidcd parts ol the shear scbs. As shorrr in (8),

hvill is Druch lcss i.rtigur'scnsitivc than thc pl.lin f.rtl ic that
\\'as used in thc hcrein introducrd ln\'cstigation.

Thcre rlcrt' sc\'l'r.ll (olsrrvnti!r' dcsign nsprcts in thc

TEC//\ICAL SOA'II\C

tested spn$. Bcsiclos th(. usr oi plain insteacl oi t$,ill IaLlric,
ihe Lrox beam design is ilso srboptinral. tlr€ sand{ich
rilanr l\as brittl!'nnd f.rilccl too earl\r The high dDrount of
stiff corc lnatcrial hampercd tho dcsired high loading of thc
shear r\'ct's. Additionallli thL' lond inhoduction ponrts
should bc strcngtllcltcl slrch as th!'ste('l fitlings r\fiich arc
lialrlc to i.rilcddior thar thc invcstigatcd composite.

More expericnco is ther.'lore d!'sir.rble, aor exnnple':
- Thc tcsting ol moio struciurcs k) got a Lrdter statistirnl

ovaluation oi data.
- 'l hc tcsftrg of morc t.(.rlistjc or optimized designs of

spar beam structurcs.
The in!,estigation ot complL'x strL'ss situ.rtion in thL'
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