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T.INTRODUCTION
The certification procedure for operatbnal gliders

rcquires thestructurelifetime (fatiguelile) tobesct.This
can bc performcd on the basis ot

a) Ground fatigue tests on representative structure
componcnts. In practice, the wing is thc cornpo
nent havin8 the highcst stress lcvel and thc main
responsibili ty for l.l i8h t safety.

b) Expericnce gained to date nrcludes the opcration
ofcomposite glidcrs.

c) (lrourd fatiglre tcsls nre .l(r1e on the sclccie.l
structure components or deta ils ivhich a re respon-
sible for tk whole glictersafety. h mostcases it is
thewing root ancl main fittjngswherc the problen
of dis tribu t ing tlre concentrated force j nto the shell
should bc substantin ted.

d)Theground fatiguc lests ononc typeofglidcr may
bc used as a basc for comprriscr|w'ith anothcr, if
thc siru chrre and loa d i ng sp€ciru nr a re sLrfficrcn tly

The last item (d) is the subjl.ct of this papcr.
1i is obvious that ihc conlpiuison $,ould bebett() if ihe

statistics on frtituc tcst resulis wcre nlore exkxlsive.
2. COMPARISON RASIS

Statisticshave bec'r Snined h ltland drrin8 fatigue
tusLing ihe following glidersl

a) Tcsts on the rLholc wing:
-SZD-4U-1 "Jantar Standard 2"
- SZD-51-1 "Junior"

b)Tests on the wjng spar rootpoltion r{'ith fjiiints:
- SZD-37 "lantat"
- SZD-38 A "lantar'1"
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-SZD42-2"la ar28"
-SZD-45 A "Ogar"
-SZD-50 3 "hchacz"
- szD-55

c)Testson the fuselage i:entralpartsteel tubc frame-
work with wing root Portion:
- SZD-9bis-11: "Bocian"

The resultsobLained inthcabove tests havebeenused
as the basis for:

- setting the glider fatiguc life,
extensidl of the fatiguc life for gliders in op€raii(xr

rvhich have completed the flying hours of thc
prev iously established life of th€ structure,

- comparisonbetween ihe new design and ihepaF
icrn strlrcture already tested. ln this case the
similarity of the structures and loading charac-
teristics are important.

3, PATTERN FOR COMPARISON
For the comparison to be valid, the slrbjcct siructure

and the pattern onc must meet thc following conditions:
a) The samc characteristics of the desjgn materinl

(Reference 6).

b) The similar s t ru ciure colrceptfor thc maingliLier
comPoncnts,

c) The same class of the glider (Stardard, Open,
Club etc.).

d) The similar loading levcl depending on ae.ody-
namicand mass characteristics of thcSlider.

e)Similarw,ay of loadingdi$tribution'n tlrcstrcss(d
shrrciLrre (itliernal orgarlization of the strLrciure)

f) Thc same workshoP Proccdurcs ard environ-
mental conditions durin{, the Production Pro-



FIGURE 1. Spar Deialls. Upper.nd Lowcr boom.

cess of asscrnbl ies an.l dciails (the workers'ski]]
included).

g)Thc same asscnbhrg teclrllique used for connect
ing the main tljder components.

h)Thc same nrspcction and quality control systenr.
For the SZD composite glidcrs pro.luccd bv "PZL-

Bielskd'factory two pattern nod els havc b ( er selected,
namely: SZD 48,1 "Iantar Siandard 2" al1d SZD 51 1

"Iunior". The reason for the above sele.tion was:
-lh:'./D-48 I 1.., d\vi,,r *rtl, rrJi,, .pJror., o.\

lonr' 
'r'n.rlJ. Lr.pd -.' .-pir.,r,. Irr ,||o ts L d

in bciween thc upper and kxver wing shclls
.lLrdng the asscnlbl jng procedure.

- the SZD-51-1has the roving sparbooms (Figure 1)
and the $ cb n,anLifaciurcd separak,lya.djonled
togeth€r du ring the r! hole wing assembty opera,

Bothpatternu,fiSsiravebeen subjeded to the toad
ngs prescribed in the forrn of function of toad
fact.rr'h" vcrsris number ofloading cyctes ,,H,,.

4, PATTERN FATIGUE TEST PROCRAM
The program consisis of particular toading blocks,F lrorp., rn pondi ;toLl,rpJ ti. ulJrofprdl .r,r. r-

diiio.lR,fPrPn,rrr

The protramfor thc SZD 48 1 consists ofthe follow
ingblocks:

-ground air-Brouncl,
- gusis in aerobwing,
gusis on cjrcling in thernals,
gust on interthermal flight,
gusi during winch-launching,

- rouing on the ground.
All theaboveblocksaredoul:,led, fol waterballastand

no ballast configu ra t ions.
In case oI the SZD-51 1 there is no water ballast

provision. Ho'vcver, theabove blocks a resupplemented

- school fliBhts,
basic aerobatics (Reference 4),

Thefatigue tcsiprograms turboth of iheabove gliders
have been based on:

- flighi measuremenis (Relerencc 5),
- iheoretical considerations.

In ihc case of the SZD-48 I ihe .l.celcrntion tn ihc
vicinitv of glider C.G. was measured, espccially for rhe
on ground loadings.

For thc SZD 51 1, extensivc in flight.rnd on troun.lL-li 6 rr'. r.-er.--r.h, -,u1 t.t ,,r.r'qo rp,.
cially .lcvcloped tecllnjquc. Theextension gauges r!erc

i

FIGURE 2. Loading spe.trum of gusis in in te'lherha I fl ighi.
SZD-,18-1 JantarStand.rd 2 glj.1er.Iirllrvaterb.llast.oD
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FICUIIE 3. l.o. d i n g spe.truor of g(uLl rolUng. SZD-4E 1

Ja f iar StandJr.l 2 6li.ler fullwit.rballast.onfiturai'on.

Snice the l{'1x,lc progriln for ballasi and battasttcss
configurations is a cornplex ctiagranr, it is illustratcd
hcre by lour bl,cks onlv. Tl)€r arc:

a) Gustsinhki the.mnl fl ight,ith fullwaicrballasr
(ljg,Lre 2)

b) (;roun d rolling rvith fu I I water b allas! (Figu rc 3)
- ror SZD 51 I

a) Custs ill \\'xtch launchjng (Fjgurca)
b) Basic aerobaiics (figure 5).

5. COMPAIIED STRESS
The sircsscs in the \\'inB rcach ihe vnrn)us levels nr

differeni regjols, so jt is nec€ssary to seiect thc location
in which ihc stress is reprcsentative for making rhe
f atiguc propert jes predicinnr.

Analysis of tilc sifess level h most of the erisiing
composiie gliders shows ihat the cri tical cross-section is
locaicd nr ihe viciniq' of ihc lvifg root rib, and for
bending stresscs the spar appears to be the elencnr
representative of dlc lvhole l{.ing siructure. Thereforc,
the comp.irisorr of the stresses n thc spar boon (see
Figure 1) at the root rib station seerns ro be the bcst
reference porl1tin estjmatint the strcss level. ifthis lcvel
is lorver than irr the paitern\vi|g, rve can conclLrde ihat

glred to thewinE sFarboom atthe rooirib cross section
and cnlibrated.n thcground when the \^, ing was loaded
kr dcfnlcd values oIbendiIB molnerlt corlespondnrt io
v;,rious load fa.tors "n".

The rccords iaken durint flitht .rnd ground rolling
provide.l data fol the loading spectrum. Tllis spectrum,
compareLl with the records at thc glider C.G., allowe.l
cleterminaiion of thc wnlg response as a fLrnction of
ijme. In this way ihc true wing loading spectrum was
obtanred as a basis for designint the fatiEllc test pro
g, anr.

Thc program was prepared for l000llying hours.Ifit
is intended io approve, e.B. 3000 flying hours life, it is
necessnry to repeat the \a,holc prograrn kh = 3 times.

Snlce the test is carried on one whg only (for eco
nomic rcasons) the scatter factor rnusi bc taken into
accouni (Reference 2). In the absencc of nore detailed
considcration, ihis facior js commonly accepted as ks=
3.

Hence, to substantiate a life of 3000 flvnrg hours thc
r{4roleprogram should berepeated9 times, and for6000
nyjnghours,lS tirnes.

wlrenall "k" passcs of theprogram arecompleted th€
{)nrgmustbe subjcctcd io a staiic iest (ifii clid not fail ln
thc fatiguc icst)in whjch the 150 percentsafei,v nrargin
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FIGURE ,1. Lo. dnrg spectNm of gusis in (,inch launchlng.
SZD'51-r Ju oi bauastless Elider.
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the anii-fa iigue p roperties of the analyzcd !vin I sho uld
be of at lcasi similar order to that of ihc pattern wint.

Thc proBram for the groun.l faiigue lest is expr€ssed
xr the form ofload spectrLxn:
n = f(H) where "n" = load factor anLl "lI" = lllrmber of
loadingcvcles.

For the comparisol purpose this spectnun is uans
fcrred lnto ihc slress spectrum:
o = f(H) l{'hcre " o" = stress in the rcicrcnce stn uon of the

The bendhg momcnt at the r€f€rence cross section
fol ihe p.rticular load facior \.alrc "n" and tlre r,vnrg
cross-spciion geometrv dckrmine the strcss valuc. This
translormnuon of n = f(H) flrnciion into ihc o = f(II) is
nrdc for both the pdiiern and the nnalyzcd 8liders.
6. STRESS SPECTIiUM

Within cach loadxrgblock, ihe loadrng x\crenses ard
decre.rscs (scc Fjtorcs 2,3,'l and 5 as an exanple) in an
ordered way. For the conrparison it is necessnry k)
c]€si8r ihc stress spcctrlrn in u cnnulativc lorm, to
obiain the cliagran ol function:
o = f(llc) where "Hc" is the cumulative number of

,\n examplc ofsuch a spectrun is sholvn on Figure 6
tor thc SZD 51'l Blidcr.
7. COMPARISON OF S1'I{ESS SPECTRA

102

To determnrc dre lif e of the siructure the stress spectra
comparison should be perforncd.

On Figure 7 the spectrun for SZD-50-3 "Puchacz"
gliderhasbeen compared wiih ihe paticrn one, nameiy
spectrum for SZD-48- 1 on lvhich the ground fatigue tes t
was made. The soli.l line sho$-s the pattern SZD 48-1
spectium, the dashed one is of the compared SZD-50-3
"Puchacz" glid er. Ir most a reas, the SZD 50 3 spectrum
is coveredby the patiern one, il.le area where the SZD
50 3 spectrum exceeds the pattcrn one is shaded. Thjs,
ho*'ever, concerns only the low stress lcvel ofcompres
sion of the lower spar boom 0lcsatn'e poriion of L\e
spectrum). It could be hardly supposed that such a low
siress could have any significant hfluence or1 the fa-
iigue behaviour of the stflrciure.

Onthebasis of the above comparison ihe satisfactory
life time substantiatioD for SZD 50 8 structure can be
conclLrded.

Inrespeci of ihe matcrial characteristics. the comprcs-
sion of spa r boorn appears to be the critical otre. Since the
positjve (r'pwards) win8 bending is for most glider
types treater than the negativc one, the criiical item is
compression in the uppcr spnr boonr, iherefore in most
cases it would be sufficient io compare this compres

Such a conparison ofthe upper spar boom compres
sive strcss of SZD-55-l sailplane with the pnticn com

l
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IIG URE 5. Load nrg speciruni of basi. aercbatics. SZD 5t {
'lunior ', ba lasiless glidcr.
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FIGURE 6. Cu m ula ii\.e siftss spc.trum ofSZLI'55{ lLur
ior'g1ider.
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FIGUIIE 7. Comparison of .ulLdaiiv. strcss spectra of SZU,
.18 I lr n iar Stindrr.l 2 ardSZD 50 3 ]\chacz sli.lers.

for prcdictjng the life of ihc sirLrcturc.
Thc important thing js horv closel! ihc compared

liljdcrs meet the rcquiremcnt oI design sinil.rriry, as
defined h chiph:r 3.

Thc presert paper.loi:s nor preten.l kr prescribc a

colnpleie Jnethod h) hc inh oduced as siindarcl praciice
ai oncer the proposiinin nee(ls b bc.lisc|ssed and
criticized. li can/ ho\\'ever, bc.lassifi€.1 .rs aLlvisory
I Jl. r.,l ir' .1r.
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pressjon of SZD 5l I "l unbr" glider is sholvn on (Fig-
ure 8). The Lncoverecl rcgion of SZD 55 1 spectrunr
(sha.led arei) aBain appcars for the lo\^r siress level, so
all th€ remarks Lliscuss.rd abo! e are valld for this case
also. Ho cvcr, bccause the maln sparfitting ofSZD-55-
1 sailplane is ofdj fferentdesitn from thatof thc SZD-51-
I "luiior" it was neccssary io perform an iddjtjonal
fatig!e test for ihe rving fitthg part. Cotrideration of
both the comparison ofsi(sscs and the test of the main
fjttings of ihe SZD 55-1 \\)hg pcrniticd deternrinatjon
of thefntigueprcpertiesof thesiructurc and hcnce of ihe
life.
8. CONCLUSIONS

The ground fatitue tests of gliders for thF q,bqtiftii-
tion of the fati8ue lives are vcrl, cxtensivc o]lcs. So
a.lvaniage shoLlld be t:rken of cvcry mcthod wllich is
chcap.,r bui can bc subsLituted forihe faiigue test. Even
rvhere these methods are not complet€ly accepiable to
the Authoriiies as nleans of subs tantiation, ihey can bc
use.l as an auxiliarj/ tooi to Bain a gcncra I opinion on tlre
structurc fa tiguc p ropcrtics.

T F I -rh^.I d,-Ib"di.b,,d.{,rl!..,rnp{..i.n
sircss level comparison throuJah thc lvhole cumulative
sircss spccirum irl ihc sclccted critical structure compo

Experience to date jndicates the !vin8 tobe thecriijcal
componentand the criticalstationtobe jn ihevicidtyof
therootrib. Thestress in ihe uppersparboom seems to
bc the mostsuitable location of the representaiive stress
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FIGURE8. Cohparjsonolcumulativc strcss spect.ainthe
uppcr spar longeron (.ap) of SZD s1-r'luntur and SZD-
55 I gl ers.


