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1. TEST FLICHT PROBLEMS IN SZD - GENERAL D[-
SCIUPTION

TcsL fli8hi problcms can bc divid&l into two parts. The
first paft docs notnc.d measuremcnts o. the installation of
data a.q'lisition systcms in the gllder. This grrup inch,det
$,.h ,lighc ds prcduclion tcst flights ol scrial glid.6 and
initialllights on p$rdypcs h gei toknowncw charactcriy
ti.sbctore the main test program,
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Thc second part need s neasur.mcnts withvarious appa-
ratus configurations. Ih is Sroup can also bc d ivid.d lnto two
parts. On€ so<aucd facbry-statctcsts, are madc in.oopcra-
tion ivith thel,olish civi I Aircrafi Authority, to o!Lain ccrti
li,r:oi o, " i, w'.p, J,d .,..u.|c.. irtu n,r,r.,1 L\u. n-
en.e with a prolotype. This is nnporLant lor any n.ccssary
modifi.ations and exploratlon ol chara(lcristics. Thcy nccd
numeri.al results, su.h as tapr rccords Thc s.rond part of
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this grcup .omprisc typi.al r\carch mesuremcnrs for
construction and tcchnology devclo pm.nt.

1,1 Some Fa.lory-slatc Tests and Request.d
Measur€nrents

-Stability tests, mca5ur.d quantitle! are: clcvator defletion,
anglcand forcc on control stick vqsus flight velo.ity.

- Spin tcsts, mesured quantitics ar.: ac.eleration, vcl{)city,
nubcof turns, control dcflcctions.

- Flutter tests. This is thc vcry inportant part of factory tcst

PbSrans- Many paramete.s are recordcd, for exahple:
viblations, accelerations, control dcflstions, velocity_ This
method will bc discuss] latcr.

-Pull upftom diving - maximal gravjty load test, measurcd
quantities arei vclocity and acceler.rtion at the center of
gravity.

- Acrcbaiic t.sts, rdoded paramct.is arc: acceleration, alti,
tude, contrcl deflections.

Defining the spccd-pola. needed especially for hiSh pei

Three mcihods ar. used: tradjljoral comparin8 flightt
and so'.alled cncrgciic method (being cvolv.d).

12 Resear.h Tests
This group rorms a big subjc.t. Three etampl.s arc prc-

sented here: Flutter tests? load spe.trum mea surem.nts and
study of aeiodynamic fcatures.

2. FLUTIER TESTS
Thisprogramiscarriedoutto.hcckthatrhegliderisfrcc

frdm fluttc! rhrough the range ofvclo.ities and to pmve its
PmPer chaiadcristics. The .ecords of mcasured quantitics
areappended totlctest fl ishrreport; this jsdcmandedby the
authority. When flr(er appcare, the purpose of tcsts is to
define thc .haract& of the vibrations. to find .oirelarion
betwen sjgnals, phas., amplitude and, of .ouse, Right
sFed nnge ror this ph.nonena.

The mclhod of tcstjng is to Ecncratc vibrations of the
airframcdurin8 flight at a givcn spccd and then clftk thc
anplitudc cnvclop€ and ftequcncy. Thc speed is jn.reascd
step by stcp in several flighis. Thc tlidcr is excited in two
ways: jnpuls dd os.illaiory. Thc .xcitation is madc by
each.ontrol surfa.c scparately.

The test prccdure: The pibt s|ould ca.efully reach thc
prcperspeed/ turnon th. instrumentation and makea s€ries
of excitations. The lattcr conpriscs resp.{tivcly: impulse
ailcrcndefl e.tion, impulsc ruddcr dcfl c.tion, impulsc.lcva-
tor dcflcction, th.n in the samc ordcr fast oscillatorydcllcc-
tion. All of this, for onc flight spccd, takes abour 30-35

Oscillographi.record.rs arc uscd in that prc8ram. Vibra,
lion mealurcmcnts arc takcn at scve.al poin ts oflhc ailframc,
also flight spccd, accclcrationatthc.rnt.rof gravilyand the
dcflcclion anglc ofca.h cont.ol surfr.e.Thcsc last parame
ters arciccord.d to get info.main)n on whatkind of.x.iia
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iions havcbccn dcv.lop.d, ho{ fast and severe thry wcrc.
Fi8urc 9 shows typical location ofvibration scnsors,lhis

basic confiSura tion will indicatc almost €very kind of ilu tlcr.
Sometincs howclcr, vibraiions havc to be m.atured at a

largenumbcrof points todcrqmincth. ph.nomena exactly.
For DxDmplc, two or thrce sqsors ar.1jx.d on the wing
srrface to indi.ate the lorrn ofth. oscillation and its ampti-
tude.Also,avibrationsene,ri!fixcdonthctail justinfronl
of the fin, the indicat. ve.tical llexural oscillations of the

Computcr sirnulations of diffcrcnt fl uttcr ho.les arc made
as a pait of the dcsign cal.ulations fo. cach prototype, and
the lo.aiion ol thc scnsors depends on thc icsults.

The Polish Civil Air.raft Authorily dcmands also r€so,
nan.c kstsofthe gliderbcfo.c flultcrtcst nlghts are made.
The rcsultsarc taken into considcration as well.

Thcfrcqucn.yof vibration indu.cd usuallylics near6 tlz;
itdcpcnds on thepart of airf ramconcerned and on ihcnighr
speed. A..eleration amplitude, peak io pcak,lies usually in
the range 2 to 49. Two oscillograph re.ords are shown in
Fi8lrc 10 whcre:

n.- acccleration at centei of Sravjty
l]L - dl.'ron deflcdion angle

|]* -elevator defleciion 8le
0 - ruddcr deflection angle
n d^.1!rduonofho ontJl'ldb,lDcr r ibration'
n:'- accelcration of wing vibrations
., aaclerationof finvibrations

Theserecords show whatkind of ercitalion was us.d, how
big it was, also what wcrc the results for spccds up to 120
km / h. For exa mplc, oscillatory excitation of ihc ruddcr gives
os.illatory movemeni (biggcsi on the fin) wiih dccrcasing
ampliiudc. Conclusion: the.c is no fluttci. All paris of thc
rccord hav€ the same synchrcnized time base.

3. I,OADS SPECTIIUM MEASUREMENTS
This program wascaried outtofind out data for fatigue

tests. The nature ofthc method depcnds on the dir.rt m€as
uremcnt by mean of strain-ga!ges/ dctcrmining the strcss at
the structuc station conccrned.

The strain gauges wcre Blued on the spar rmt at a poinr
2/3 of the spar root lenSth from the end. Thcy were .on-
nectcd toa tull bndgc system enabling measurenenrs ofthe
wingbcnding moment to bc made. Philips strain gaug€s of
120 ohh resistanceand 30mm base were used. Thc SitD re-
cording sysiem was used for m.asuremenis. In addition,
three paramctcrs were recordcdi speed/ accclcrations and

The calibration was madc on the ground by applying
various forccs on the wing tip. lhe lincarity was.hecked
o\. rl-' lrlucn,r.u nE,rcn8..drwelJ. ny{.a\!e'rr
byapplyingdiff.rcntstati. gravityac.elerarionsin spirats.
Thc tcst spccimcn wis thc club.lass glidcrSZD5lr ,,jun-

ior." The measurcments wcre taken in various op.rating

'takc-offand landing gruund nrns on grass airfield,
'as abovc but on .oncrctc runways,

as abovcbut on field Iandin&
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FIGURE 10. FLutter tcst vibration oscillograms.



{in.h launching,
.cnbatl. rnd tc,!L!d lliShts, .nd
trxiing on iL,. 8r.Fs airti.ld

Tho ltcpr.$trrita ...odin8s lir (u.h.ontlrLirifc.r.
nrowr o. Fig!rcs I thnrrgh n. Th,' tim! sL.rI i:2 I qrlrnrlc

A.{rmturo signal.nalysis w.s DrdL, roPrcPircikDiling
b1{).k tbr thc ground lariEuc t!st-.

Figurc l1 shows rhc iold cnv.lo|. duing Nin.h hun.h_
ing, wncft,rhewt\d sp.cd i{.s.b(rt 5 m/s Aftrtig!!r.sLis
b.iryj donc on the basis of thc{, mcrsurcmcnts. This Ptu
gram was.arncd outlasl sumnlcran.lautumn and jt $'illbc
e\tcndcd to find theloa.l spcctrum f()r llights in thcnnals.

4.METHODS (ni I{ESEARCIIINC TIIl](;LIDI]II'S AERO.

DYNAMIC FEATL'RES

4.l OptiDiz,lion oI Flap DcflcclioD Angl€s Versos
Flighr Speed

'lhis tubjc.t has b@n invcsti8aLL.d to deline optimum
opciating .ond itions oI a n autohaticflap contrcl sysr.D on
thc SZD 52-2 "Krckuv' gl .r.lh. f()totype of the dcvi.c
was .onstr!.tcd in thc ia.i(rv It is rindcr tcst now. l'hc
ptub-dh qd or!'-J Jr I r h1 .1 . n *_$ rod-d6..r rnrr
n.thod prcposcd by Ri.hard H Johnson.

'lhc nr.in diln]rn.c is thnt drng was mralured by means

olcla.t nnrll r.ing. d iffcrcn tial pressurc transdu.cr.It was

rc.ord.d on magn.ti. tape A flaP defl..tion an8lc was rc
cordcd.s rvcll as lhc pft\sure diffcrcnccand sPctd.

IIGLTRLS 1TO 8. Llrdd sPectrum measuremonis.

|igur.1 loadi.g! ,n tJkc oli or lt,Fss airlrid
Ii8ure 2 ih. sJde Lrl<.{it bur aLL el..ations
Figurc 3 llrdings if l.ndi.g Srrss iirfi.ld
ligure4 rhe srmc l.nding luL i,r.ldrtions
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Figur. 5 - loadinBs du.ing two t,rns of sPinning

ligure 6 the samc but i.c.lcritnrns
rigureT loadingeinriicl(l l.ndiil8(nrcrdowinr"niirrrinn
Iigur€ 8 - rhc san.fur lrc.lcrniio.s
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First trials with this method hor. nadc in 1987. Having
nol such advanccd apparatus as, fo r exah ple DFVt,R has, wc
had b find anothcr slution. I'ilo tage prc.ed!.c for kccping
exa.dy .onstant altitudc js bas.d on indi.atnrns ol a sta-
toscope. Thjs is built as a combincd system of indu.tive
small-range diflerential-prcssurc transducer, supplying
Seneratoi, phasedeteclq and ltL8 rc.ord€.. The transdu.cr
mcasuing range,l 2 mbar, and ils crror, 0.5o/o F.S.O. pio
vidcsa rcsolution of about 0.1 m jn a ft ngc of 1 20m r.'lativc

Thcstatoscope measures the staLi. pressure relaiivc to thc
pressurc in thc balancinS rescrvoir, which js cut off at thc
b'.Brnninquf (vn.L.,nl-.r Iilud" fl B\1. Ii"v"lo.i,v,.med
ured by a diff€rential pr€ssure senl{onductor transdu.u
with total erro. U.5% F.S.O.Thctrlockdiagram ofthe systcm
is shown on FiSure 13. Thc prob(:.haradcnstic of static
prcssureversus flight spccd is.xactly dcfin.{ tor conputcr
.alculaiions. Also, thc standard altit udc and temperature of

'hLa 
ra-ered-L,eJ :1ea h,, r Tl',.r,mpLr,rLF i.m, *-

ured byadigital the hometer with 10.1dcgrcrs Crcsolu'
tion. Figw14 showstypical records ofrctative aitiiudeand
veld.ity versus timc. Kccping thc altitudc constant is r
mattcrof pilot pra(ticc-

The posible erors from vcltical at mov.mcnts can bc
eliminated in two ways. Thc fist way is to chosc a suitablc
I ne to- .l'c Ted.LrFtr' r,. a, tor erdrtl, , 'rlv murnrnB.
Thcsccond wayis to rc.ord thcatmospherjcpressurc Sradi-
cnt using thc statos.ope, just bcfore the flight.

Th. data analysis is made in steps. The first step is data

P.eParation,by A/D.onvcrsion ofthc rccordcd signals and
stonng thcm on a floppy disk. Then, plotting can bedone as

shown in Figu.e 14. Thc lcft hand diagrams show altitude,
the rjghl hand oncs show specd.

F=tl

=-j1

FIGURE 11.

The transducernngc was 12mbar, permitting mcasure'
mpn, of,l^e.malldrfnrcn... ul tl-p {i18 dra8. ir vJriuu.
flap settings for low speeds. For flight speeds tuom 80 to 110
lm/hthechanSes ofdrag, caused byextreme flap settings,
equals about 0.2 hh H,O lor V=fi0 km/hto 0.3 mm H:O lirr
110km/h.Flappositionsfrom 7.5 dcgrccstoplus5degrees.
Figure12 shows the probe construction.

TTIGURE 12. Drag probe construction.

4.2 De.elention Melhod for Sp€ed,polar
ll€asurement

There were d ifficultjes in using this method in the past, but
il bA dmF t€nbl. r.., nlL) wl-rr ee.r-orn m(J.u rBa
cording systcms and computer d ata analysis wcre available.
The principlcs are well known. The glidcr should dive to
high sped and then, after regaining lcvcl flight, the pilot
should kccp .xactly constant altirude. All kinctjc cncrgy
turns inb work against a€rodlnami. dra8. Thc spccd dc
.rease .ontains informati(D about thc gllder drag.
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lrcUl(lr 13. Schenatic arrangcmcnt of mcasurinS-

recordinlt systcm lor dccclcration mcthod (1)Probc of
static nud dyndrnir pressurc. (2)Cut off valve. (3)Reser-

voir ol I l. ('l)Diiicrcntial Prcssure transducc. ol sta-

ro,,.,t'!.,c,D t, rcntul prL\iurclr.rnsJuccrolaircPccJ

'.1. ,r,,r '",5tit.'..uuL rr\lir.,to'. U)RL I r,\order'
(ll)Srrplnyurg gcncra tor. (9)24v battcry.

t;
,]jB-.i

I

'Ih!linalr. Lr is th. fol.rr curv. ipptr,\inrtcd troin loL
m.nturcm.hlsb! hL,nnsol rldc6i,r'polvnon,nr.,l,rPPR,\i
rnlcly, F:18!n' l5

'lhc...ur.t(! ol thn nothod now is sihrlir ro thrt ()I

trtr,|surcmchls nr c in {)r1l,v a fow high tligl s ,)r th! trndi'
tionnl mcthod.Thismcthod islastbDl s'asnotrrlrr t( until
no\ Rcsult< cin bc..hiovr\t in tw(' roi cspl\i.i)\ higll
idt.. lr i,ll( p..\,.1IrJlpt.nd ,i.. '.r",.;

s.   sHoRT DllscRrPTloN oF DATA 1\CQUISITION
SYSTEMS

s.1 Os.ilhgraph Systenr
'lhis \ystcm i5 ba\cd on lhrc os.ill('graphi. r(ordos,

u.ing a .ombindri{'n ofvarious m(hano<' ptic nnd m,Bncto
optic lransduccrs. lt i, produccd by SFIM S.hlunbcrScr
firrn. I)hotoscnsjiivc pap.r idp.s arc u,.d. Onc jGr)rdor i'
ablo to r'6incr up lo 6 pn mctcre and lhc tim. lryr. I{o
rccordds .a n tlork \ynch ()nously. I h.! r !re gcrci.llv two
typcs of cool,tr.ting lrsors, onc pofufin].r,tr. nnd on.
indu.tive. Tl.o lirst typu lor...cleralions, forL., focd,.on'
tft)l dL{€.rn)nc, ct.., and ihc second i dx.riv( vil.arn,n
{nsrs and rn.rll ranSe dilicrcntial pr('ssure t.nnsd ucc.s. ln
addilion, the systcm .rn ft.gistd su.h lrltrts .,s altitude,
in(lination anghnnd tchpofature. Typicala..ur..i ir film
0.5% to 1% It.s.O.

5.2 SRD Re<o.ding System
'Ihis ontains a 9-tEck measuring cnssctl. rdrdcr ltl'u

and tIe rtationaryreadcrC58.Thesyston is working in FNI

lnodc with synch.o signalr.{orded on 9rh tr.rrk, whi.h is
alsc' the 1 kHz timebase. ThcRL8re.oldoris cquippd with
a di8ital monilor for cuncnt reading parameten of any

All trr.'rcrcr'drrr,.ordcJ, n uncstdL oi.rdrnrry'o1
pa(F.assettc. l he stationary reader C1;lJ has digitaldispl.ry
of lhc *letd chamel and for real time. Thc dovice is
€g'ripF{ with two analot outputs with channel sclcction
and parallcl multi-utput connector, also time basc.'lhere
are two kinds of frcquency-io-voltag€ convcrtcrs, one tor
dynamic quantitiG and the s.rcnd, more Mct, for stalic

Thc Rt 8recordercoopentcs with a largcrnrnber of SFIM
pohntiometrjc and inductivc transducors, also with s.mi
conductor pressurc transdu.ers ed st.ain gauSes.

RL8

,.,. ,, ;J,;ji;:r; .''**--', H

)

!---,-,"- ;,**'-*****-*

I
I

lnput rclta8€ tange
FIC
Lincarjty oror
Pow€! supply

Housing
Wci8ht

cs8

Output voltagc range
Totalcrrcr bel{)w
Power supply

t 0.25 v to +/- 50 mV
-4.01% f c
aJc.
12V,1.2Ao.0.8A

220 x 200 x 80 ftm
3 kg with baltcry

0to5V

220V,5t) llz
l,lCURE 14. Altitudc and vclocity records.
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s3The Modular Measurins ComPu{er Systm MsK I
This is an 8-bit computcr working undet CIrlM oPera

tional systcmbased onaZ80 mic.oProccssorand is cquiPPed

8 bitA/D convcrtcrs with 16{hannel multi

- 4<hannel D/A convertcrs
- multi PurPose 

jnterfacc for serial and Paialiel
pnn,ch. rdP, n !urdp', I I'ROM PtoStJmrinB

- graPhi.s arnnger chart 512 x 512 Pics.ls
- lloPPy disk conlroller for t$o lloPPy disk dives
oI51l2 inch.

The software cnvircnm.nt a!lains thc system a nd its ac-

ceseli€s such as maooasscnblcr, dcbtSEer ZslD, eic. Als,
Basi.8,0. Fotran 80, Pascal MT+ .omPilcrs and Basi.-intcr

pret€r arc inclldcd. There are sp..inliz.d mcasurement
prcgrans, for ruch things as loid spcctrum analysis and
gcncraldata samplinglnd snall pro8rams,as for etamPlc,

comparing flight analysi, and data transmitsions to I8M.

54 A N€wPortable Data AcquisitionUnit
A quite hodern.lc.rreni! r.('d.rls bcingdcveloped for

our purpos€. 'Lhis rccordlr is totally bascd on microProces
sor te.hnique with big RAM, cnabling r.cording ofl6chan
nels of up to 30 minutes duration The most imPortant
tuature is the independcnt progranmhS of data sampling
prccedure for.veryinpui.

li t{ill.aup a dcvclopmcnt ofhc!{tring tcchniqut!. Thc
device will be applicd als, I1,r lluttcr t.sts, as well a! ad

vandd .onrputer data analysis.

r'.rrlrrrll1ra. 1\,r 140 150 160

| , ,. l. , ili.llll-.rl lrl
S$l I\\l\l

FIGIIRE 15, Polar curvcs for PW-3 at 22.86 kt/m2. (1) Classicat method. (2) Dcceleration mcthod.
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