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Summar)
The problem of flight lesis of wing loading spectrum n)r

gliders is discusscd. The method of l(nd rccording and ol'
flight data ptuccssing are described for aerobarics as r fiac-
tion oftheopcralional pattern. The measured Ioad spectra lor
pa.ricular manoeuvr€s and thc mcthod of using then as the
input data lbr the ground fatiguc tcst programnre are fbr.t
particular example, namely ihe SZD 5i I 'Juntur" club
class glider.

lnh1)duclion
lhe operirronJl l.,aJinp 'pcc'runr lur d ! rdcr \ rrt (u ,

sisls ofa number of loaditrg siiuations among wh icfi aerobatics
are ;nrponant. ]b delennine real loading valucl a mclhod
of in uight measurcmcnr has been developer.l at thc SZll

As a result olflight lesrs the nreasured loading data lor par
ricular manoeu!res have been gathered and lranslbrnrcd inlo
fic numcrical values. to plotthe lpcctrum in thc lbrm oising
loading laclor "n,. versus numbcr ofcycles "H'.

N{€as'rring procedure
Duriog manuladuring ol thc wrng ihe strain gauges hale

been glued to the rpar boom al the root end and connected
irto the system of an electrical closed bridgc. Thc signrls
frcm tfie stra in gaugcs havc bcen regisrcred on rragnetic hpe,
! \ Ir'! . J"ilin.r'u. rr.urd a. r Iuncr'ur .f r|, e

The rcplay ol lhc record, lry means of the computer pro
granr. givcs thc di.tgram ot'signalvalue versu! !ime. To find

))4

rhe conelation between the signal ard lhc n).d lcvcl a cali
bmrion wns pcrforrned during the ground itxlic tesl of lhe

tarticnlar wing being tesEd jn flight.
Thc wnrg was loaded with thc bcnding nromeots corre

sponding to the selected values of wing loadlng factor "n" '
raking into account the lift rnd mass distributions along
thc semispar. The rscords ol sigml fbr a known bending
n nent corresponding to the panicular lond lirclor "n.,"
per'ln jr cor'relation bctwccn thc signnl value and bad factor llr
both positive (up) rnd ncgntive (dowr) wnrg bcDding. The
basic value of n" = I $asassLrrlredio corresF)nd io thcbend
rng DDnrenl ofwing produced by the lift cqurl lo rhe glider
in-fiighl weighr nrinus the wing structurc weighl. R)r lold
liiclors n" + I tbebending monrent was taken as dirc.tly pro

The grcundcalibrrtionof themeasuring system was choscn
to a\oid errors rcsulring fron non litear eleclrical sign.tls
ro r rl'( .u1in tsdutc. ,lLr'ro rhe e'enrdJl rr'n lrlJJ' 'rr.,irr
otthe s['ar boorn. especirll) at higher srcss lcvcls in glass

epoxy conrposite rnaterial.
li) chcck possible errors in the gtr)und sinrulation of in

night loading, lhe calibralion was rcpeard in lllghr. On lhe
basis ol on-board accele rometer rc.ords rhc glidcr \\ as pulled
1o parlicularlo:rd licIors and lhe !ignal!rlucs \.!ere conrpared
uith thosc obtained in thc ground static tcn. No signiiicrn!
dc\iati(rrs b.lwccn dre t$,o calihrrln)ns wcrc loLrnd.

On ca.lier lests the load facnr $rs mcasured at the glider
c.g (Ref. 3). This. howevcr, did noi desclibe the wing
rcsponse 0n dre loadnrg appliod.
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FIG. I lllustradon of Lad Factor t-vel
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FIO. 2 lhstation of elecdon of Discrele Load l€vels

Record transformation
'l'he peak lalues of loiding factor lersLrs rime are of sto

chrstic mtrrc (Rcl. lJ andDeedtobecollected in someorder
(Ref. 2). Therclbrc. tbc rontinuous .ccord wrs anal)zed by
nreans of net$ork of lo.rd iaclor lclcls: I, IL . . . . . .K (Fig
ure L) takngdiscrere inrer\alsofdn = 0.25. Thcpcaks betwecn
the lelels i and "i +l were counred as the "i +l lrluc
for maxinu. and as I l fbr minjnxr. (Figurc 2).

Flight tesr programme
The nreasurencnls were repeared sclcrrl tinrcs lbr crch of

rL'( ,cle.r<d nr.,n,'( \re|d. j.redinr:rbl. l r'..brr:n1\r'"!f
loading characterisrics. The ilight tesr programnic for
SZD 5l L Junioi club class glider contained llve nanoeu-
vres ol basic aerobatics. nanrely: spinnrng. loop. snll-lurn.
spiral and quick hrlLlll hal oop. allowed in the flight
linritalions for thc glidcr certificd in U .ategory.
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Repetitions

spiftrl

quick hrlIroll-h.llf lo(rf

:1.1

25
28
26
:

lar manoeuvres were summarizcd li)r cvcry k)ad level 1,

. K.
To obtrin speclra ol a gcncful naturc. thc numbe. of mea

surcd lord clcles were norlnalized (e\rerdedl lirr 100
rnrnocuvrca li)r exrmtl. the !alu!'of H,0; r loop (15
rcpctitiu\ in trblc l) is ohhin.d by nrultiplication ofall the
recordcLl c_lclcs by 100/25 : :1.

Thc 100 nluocu\rcs' spcctra rr. prc\cntcd on dirgranrs
''| r,ll o,, Or F: rrh. 'f.'r.'i'r {., rLI \tr ,

n1n!. loop ancl baii-roll-hrll:loop rrc shown. For !l1 ol thcDr
lhe hasjc load iacror is n,,, = 1. For thc spnal (Fi.q. 4) thc
brsic krad fitclor is nb,. = 1.5 srncc th. glidcr is brnkcd (Fis.
5) n) rhal the lerage brnk anglc i\ ? = arccos (li 1..) =
rrc.os rlr I 5l - :t8 :50

Rrsultrnt spectrum in ftrobrtirs
ThespcctraooFig\ land.lrptlytoth.prrlicuhr rmnocu

\rcs norr)alized lir 100 rcpctitions.
l'hc resull nl ,ipc.tiunr Lrlh. sinNlNliLin ol rcr)brli.s on

rne Srorud hl !J r. .r .Lr' lJ h' hr'. J ,'r: l l
rern of the glider (Ref. 4).

The.onvenient stry oi progranning is ro design a basic
spcctruft for l00O hours liit time of a glider. For orher life
times. c.g. 6000 hours, the 1000 hours specnunr cyclcs
should bc multiplicd bv 6.

Thc rvctugc lllmg hours conrpleted br a 
-11lidcr 

within onc
yclr was as$ ncd to bc:00. lor which the lilb tinre of 1000

hours is rcached in 5 )€a.s. Durnrg training nr acrobati.s m
Poland. rhe a!€rage rLrmbers olelch n Docuvrcs pcrlb.mcd
oJr one glider during onc ]-car wc.c notcd For 1000 flying
hou$ life ii'ne these numl'crs should bc nultiplied by 5

Table I

Trhle Il

t-r
[,.,

life timr
of 1000

spiral
sall lurn
quick hnllroll half loop

2:5
1,15

30
I 15

lt:5
'725

950
150
575

The number\ of rcpctitions !!ere selected on rhe basis of
up ro date e\perien.. in llight tests lo gain suificienl datn to
mrnirriz€ the errcr ii thc dcterrrination ol average \"lues.

Data proccssing
For thc data proccssinA. a compuler progrrtnmc wrs

d.!.k)pcd. Thc load pcaks for all thc rcpclitiors olpaiicu'

FIGJ Sp@tra for stal'htr4 spi ing, loop or a
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!-IG.4 Spetr! for spnd mmoeuvres.

FIG.5 Glider attiNde b spiral ndoeuvfts

1)1



4

3

L

1

o

-t

FlC.6 Rcsutd 6pc.

for 1000 hours life 6
aa for r€robnric mrn@v

aHJ

r])ible Il). The cyslss defired lbr 100 nEnoeuvrcs (H,00)

should be multipljcd by the faclor: k,' = Fr,/ l0O lo ohtaiD
thc toral l(Xn hours ljti limc elcles for ctcry rnrn()euvrc.
(For F,, values scc luble ll.) The sum olr H , : k I H,00for
all rhe nranoeuvrcs !ivcs lhe rcsultrnt cyelc r )oUnt li)r lhc
10fi) hours sFrrrum (tl).

'l-hc resllbnt spcdrrm jr rcrob?Iics lirr lftx, hours lale
time in rhc form olr diigranr ol n., - l (Il) is shown on
Fig. 6 Thi( speclrunr canbe uscd as thc inpur drta for dcsign
ing fte grcund fetiguc rest programmc.

Conclusions
The allowcd lif. rirDes olconrposirc glidcrs arc csl blishcd

on the basis ot-e.ound lirtiguclcsl rcsuhs. Tfic l{}ad spcclrunr
patrerns nrcasured in u;ghla.c thc intutdatn irdcsigning thc
larigue tcs( progrannne. ftJ ohhin $c loading pauc r lin lhe
olerall opcratn)n r!r)!c (acrobriics b.ing onl\ a iiaclion ol itr
at is neccssnr! to nrcasurc lhe $ing bndirf i. flight.

The nrc ruremcrrr progranrDrc. initi red in Polarrd, ainred
rr detcnnjning thc lor(ling nrlislics conrpri\cs iesrs 01:

. wing launch'n8.

128

. rcrdowed llighr.

. I'r\ llrghr in.|lrn'rh J'r Jrrr du\r.,'tul.rh,ri.. .ircling in lhc tals (ck'r'ds in{ludcd).

. gRltlnd run dl trke olt rnd landing.

. t.rxiing on gmss-surfuc!.s rnd runw0)s
Thc iirst slep. i c.- lcl1nx|lic\. has bcen.(trnplercd und Ilr

rc5uhs rc frcscnl(']l in rhi\ pxrcr. lr is inrc dcd rt) nnk.
(or.spondrng rnlcstigations li'. the orhcr srcps, lnrl 11) pre-
\cni thc rcsulls in lhe ilturc prpen.
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