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I. Meas .€ €nt idea
The conservarilc cthod of dcsigning the loading spe.!a

tbr wing operalional condiiio s' depends on thc intcrnrcdiatc
nieasurement. The accelerations at the glider c.g. and wing
c.g. have been measured. andonthis basis the wing load and
ltructure stresses have been e\alualedr. The dara obtained
hale not adequatell yielded the real whres expcricnccd by
thc spar and its fittings during the measurement. as regards
thc bcDding moment and in consequence the stress. The
ibovc crror, cspecially whcn rhe quick lariation ofdynamic
ulues is concerned, apperrs during thc trke{ffs and land
lngs. In the present investigation, the \ing cxcilation hrs
been measured inslead of the response.
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Thc naurre ofthe nrethod discusscd depends on lhe dircct
nrcdsurement of loadings by mcans of strain gaugcs rit the

struclure slation conccrned. The basic problem arises trom
rlre very poor cxpcricnce in the measuring methods applied
lbr the compositc materiall It was necessary to collect daia

on the snain gaugc glueing metbod as wcll as th€ nreasure
ment erturs. due to ihe eventual plastic defbrmation or thc
'|lJrr ts.,utsr .reep.ns. lr 'eerleJ I" be po*rhle. rnF^i1P
thc confaints of the relativc cxlension or of the bcnding
monrentvalue.toderlwiththecomposite laminirlednalerial

To record thc bcnding noment at the lpar root, a signal was

laken fron n slrain gauge worknrg in full'bridge system and



PHOTO 1.

glned on the spar rool, splccd in resFct to rhe liuing on
lbout 2/3 ot' spar root lcngth. (Photos I and 2 )

lhc lcst was pedbrmed on.r club chss glider SZD 5l I'l,.li.r .Lr. ne.,r rer'.1.,. \.rrL k.ri1\.ri. r.,,fcrJrrJ,.

. takc{ll rnd hn.lirr ground nnrs on thc sftss lirileld,

. as aborc but on concrete rurrwals,

. is abolc but on ficld landirrg.

. \|hch larnching,

. lcrobalic and rowed nights.

. hxiing on the grass airllekl.
II. I,teasurirg srstem componrnts

Philrps loilslkin gauges of l20 oh r rcsisrance and 30 nn
brrc ivere useil. Two grugcs on cach spar sidc wcrc glucd on
thc spc. ial ly prepared surl:cc. l hc gauges were jonrcd in rhc
tull bridgc slstenr by mea s ol gluin8 with the s[nc conr
posirion. as used in sl)ar prodLrctior!.

'Ihe strai gaugcs trcrc suptlied bv thc inrc{rrted co nsnnl
!o ltrSe ol +5V $rpplicr ol h igh outpLrl lolragc sLrbil il!. The
currcnt f$sing lhrough thc slkin qauges is rbour .10rn.\
\hich as$tres the corred thcmral stabiliN. The scnsiriry ol
rhe bridgc rvas rclrted lo the loirding laluc. rnLl rangcs about
5 nrv/n. wherc d i\ the wing lond licr(tr.

lhc vrlue n=l conccrns thc wirg loading during rhe free
llight in snrooth air and dirspccds of 90 to 120 km/h when
thc accclcration is lg. Thc bridgc loltage $lrs d rblcd on
th. nrcrsuring a'nplitler \orking in the consranl crrrcnrdil
terential rnodc. Ihe ampliller ouLpur wxs comected Lo rhc
infur ot oreasuriDg trpe recorder chrnncl No. 3. The chan-
ncls 2.5 and6 conccm the marker. accclefttion lnd airspeed
rccordings rcspectivcly. Ihe ent|y \ollagc raDge of the
rccordcr i! 150nrv e abling the measure cnr runge of

- D:10. l'he practicrblc nrcasurcnrent range is -2g1{) +5g.
ramclv n- : io n=+5. Thc accelerations $,crc mcasured
by nreln of potentio mctric gluge of SFIM rypc with the
rangc ol 1l2g
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For the measuremenl, thc rcgistc.ing system SRD (photo

:l) $.rs u sed . It compriles the 8 channcl cassetle lape rccorder
\orking with FM mode,lype FIS and stationary leader CS8

lll. Calibrati{'n and meff rement error
Thc calibration ofthe mcasuring systcm was pertinned a!

lolkrws: The signal of lensomctric bridge was recorded for
larious values of the lorcc applicd on lhe wrng tit namcl]:
qr'.tw' .l)u. rnn\ Lrkrn!inr^:..o,'nllleur!\F1
and i1s weight. the bending momcnts !t thc relevant spar str
non wave calculated. ln rhis $1iy, tbc scale wns derivcd r\
lhe measue of rccordcd load value. Pa.ticula y intcrcdi g
resulrs were obtaincd lbr l.rke ofi aod landing ground runs,
being conditions having r considerable part in opcralional

The resulB rrc shown (Photos 4,5) conccrn thc ltirield ar

Bielsko Biah. I'ol.rnd. These arc plotted by thc co rputer.
l'hc vertical rxis shows \alues ofn)rcc F" corresponding

n) rhe v"l,r( ,)l rc.orded srrcsses Thc k d lcvel of n=l
.orresponds lo the bending nroment duc to thc fbrce of about
l00O N applied on the wing ti]r. l bc wing weight gives thc
on ground badnrg corresponding to thc tbrce of 300 N
afplicd on thc wiog rip. To find thc hystcresis error lpecial
l.st flights wcre completed. In rcpcatcd lesls. a slatic k)rd
ol +:1.5g wrs simulated. Then rhc rccorded \"lues of n:l
bcn)rc aDd after rhe pull ut mNncuvers to +3.5g $'crc
.omp td, as well as the n-:1.5S conditions recordcd in
several nights. Phoio 6 lhowr ihc diagranrs of loadings rnd
rcccl€rations in calibration tl ighls. l hc load ings 1o r pull outs
rDd D:1 lclcl befbre and after thc pull-oLrt are vi!iblc. Thc
\clttcr ftnged Ll percent. s) it can be stnied ihat thc hys

rcrcsis crror was LL perccnt.
-Jikins 

inlo account the olhcr cn rs due rc the rccuricy of
!.cclcralion gauge and nrersuring sttlenr olrboui I pcrccnl.
it crn be stnted that thc total crror is 2l pcrccnt lor lhe
rersuflng range ol 29 lo +5g.

I\'. Discussion of measurcment results
The c!librrlcd dirgrams sho$ rhat durins landing. gnNn.l

runs on lhe g.rs\ rirlicld rhe anrplituJc ol wing spar nx)t
loading is cqu iralcnt to no more than 1500 to 2000 N olitrcc
rpplied on thc wing lip. This.oncsponds lo -',n-I.5 to l.
In crle ol iicld landing highcr lmplitudcs were fouD.l. lhc
highcst oncs alcraging / n=1.4.
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'l h,r lilurcs 1.2.1.'1.5.6J and 8 slxrws lhe stres\cs anctac..l
I rlhl '{.Jr: { ' r'\le'lr. \'

. ltke oflrnd landing on the Srass airfield.

. xerohatics (2 inrns ol spinning).

. ileld laDding (mcado$ in m)unlanr9.
The .lirgftnr\ wcrc obtaincd clirectly lionr lhc LLpe 't

tor.ler. crlibratcd is load units n rtr.l accel€rtlim unils
''! lchus iimc. The compr.ison of thc dynamic accelcrt-

ri;n dnd relrtcil dtn nric lordiogs with the slatic ones leads

n) thc lbllowing conclusi(nF.
The wing i:sponle t() rhe excilation ii thc Ibnn ofquickly

incrcasing accelemtion is weak. when conrpared with the

wi g response to thc staric accelerarion (bcndorg linc) oflhc
sr re \rluc. The loading block dcsigned on the basis ofstress
mersurcment is more realistic thanoncdesigncd on ihebasis
ol rccelefutions. Morcovcr. the accelemtn)n djagrrms io'
llkc otT or hnding hlve more hrrmonics than rh{: reltted

lond diagrams (wing inertia)
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IICURES 1 THROUGH]II

FIGUItE 9 llasic load valuc distributior inlanding.
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flrlURE 10. Luid ..velop!,n til- uff.
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FICURE 11 Lord tn!cluPc Ln lrnLliDts
FICURE 12. Load cnvclope winchlaunching

Figurc I lhows rhe alcrrgc v.rlue of lo.rding ol take otf an(t
L nJinr ,,bLrIre,l r. d r...r.r i,r c.nrpurc, .rrrl)\r.

Figurcs l0.lL and 12 show tbc disrriburion ofmaxima and
mininn. Thc vcrtical axis sho\s the load iirctor Lhc hori
zont?l axis, thc time lraction of tohl nreasuremenr.
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FICURE 13. Loading tablc.
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ligure 13 shows various k)rding levels. during thc landing
ground run. numbers of nnxinn rnd nriniin. Thc .rbolc
analysis permits designing Lhc k)rding bbck lbr rhe ground
hrigue tes! ofthe glider wing.

Funherstepsoftestingtheglidcrwingoperaiionalloadings
\!ill bc undertakeo in the ncrr fururc (sprirS 1987) and will
iDclude the m*surements ol opcraiioul loadinss fbr:

. circlinS in thermals,

. inter fiennal ilighls.

. rnd for to\red flighls in guny conditions
Thc collected material will permiL thc ludher investigi

lion oi loadings necessary fbr progiinming the fatigue tests
and cxtcnding lhe qlider lifetnne. The tcst ic$ult will con

t26

Lribute lo lbc helter opcrrtn)nal perfbrmances of new designs
oi gliders.
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