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On Fi€turc I is shown an exanplc diagram V,g (the
damping g, lrhich should be added to the vibrating
structure, in order to obtain harmonic motion/ as a
function of the flight speed V), for a particular tlutter
mode atan aliiiudell-2000m. To detcrnrine the crftical
speed of this flLrtier, ihe struc tura I d a mpjng coefficient
8=0.02 r 'as assumed, for which un.tanpcd vibrations
mayoccurovcr the speed range nrdica tcd. ,\bove theV
g diagram is thc H(V) diagram, l{'hich shows the
flutter speed range for different aliiiudes. Change
of altitude may also cause a chanBe of Irequency or
nrode shaPe.

Spccd V on horizontal axis for boih diagrams js an
equivalent ajr speed (EAS). choscn raiher than TAS
because the diagrams are thcn snnpler to interprei. Trl

additiorl, jffordeierminationofaerodynanlicf cesthc
quasi statjonary theory had been used, the calculated
crltical I]utier spee.ls EAS would be jndependeni of
aititude. For comparison, on alnost all diagranls I I(V),
the chosen cur!c TAs=constl\'as drawr
2. VARIATION OF DIFFERENT KINDS OF FLUT-
TER MODES WITH ALTITUDE

lttsults for some modification of the PW 5 sailplane
wiih frcc stick and loose rudder links (rvithout pedaL
nlass) are sho\^'n on fic Figurc 2. Thc calcr ations are
based on ihe theoretical mass and stiffncss noclel cor
rected io conply with results of ground ! ibraibn tests.
Structural modal danping coefficicnts $'ere omitied.
Global damphg g equal to 0.03 was assumed. Capiial
lett€rs refer to different flutter knrds, and where tr,o
frequencies are Bivcn, the first rcfc.s o H = 0 an.l ihe
second to H = 25 km:
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1 . INTRODUCTION
fl uiter rncans ihe vibra iion of an ai rcra ft or glider in

fljght caused by clasiic, mass and acrodtrnamic forces.
Only ihe aero.lynanric forces-throuBh the ajr density-
ar€ depcrrd cn t up on ihe flight a I ii tu Lle. The flLrtter calcF
lations deiermine the minimunr fliilht specd, at which
undanpcd vibrations may occur. This spee.t is nancd
ihe crjiical flutter spee.l VCF. In parallel, the frequcncy
and node shape ofthe vibration are deiermined.

The results prcsented here wcre obianlecl using the
ll(ter calculation program n)undc.1 by IPPT PAN n.r

lvarsarv (l) with some modificarion rnade in Miete., for
theprototypes (or their inodlfications) of tlie following
Polish sai\tanes, which are representaiive for pariicu

SZLI-55 of standar.l class,
- SZll 56 "88 l" oflsm-class with flaps,

KR 03A, all m(]tal, hvo seat trnining glider and
PIV 5, winner of thc World Class conp€tiihn.
Theprogran Lletermines theaerodynanlic forces lrom

Thcodo.sen's instaiionary aerodynamic theory. The re-
sults covcr altitucles from 0 to 15,000n hiroducjng the
relail(nr bctween alr densiry .trd Bcopotcntial altitude
H,practicallyequaltotighialtitudc,inaccordancewith
ISO stLxrclar.l ahrosphere. The V t flutier calculation
method was uscd, rvhjch was chos€n for its spccd (for
or\e Llltitudc thc time of c.rlculauons is I n' 1utc oI1 the
186 50MHz l'C). -lhis method gives at once critical
spceds, f 

'eqrenciesandmodeshapes 
of all fluitcr kinds,

the c.itjcal nLltter spee(l of each glidcr confitriration is
then the lorLest flutter spec.l of thc differerlt fluiier
knrds.
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FIaiURE ] . V.r iati(D ol.riti..L !p.cd ois-vt'neiri..lwing
n)rsidr fL(tttr li with rot.ihon arld k)rsion nilcnlrs, Nith
Ife(luen.y of nb,rt 1'r11z.Tl,is.il.(hlio. w.s midr iorKR
l:JA s!ilplanc h illr reLlu.ed k)rsion ailerons stilhrc-s.

- symmetrical flutter modesl
Ll ' wnrt be1t.ling/torslon + nrselage beniling/d$ ak,r
rot.tion wilh freqlrcll.y of 15 Hz and l1 Hz,
C rving bcnLiing/iorsion - flrscLagc bcndnlg/tlc!anrr
rot.tion rvith freqLrency of 9 and 8 l lz (nrnrls nuuN
nroinn iI opfositr dircction);
-antisymmctr;cal flutter modes:
V horiTonlal fL,selagc nnd 

'ving 
l,(rdinE/r udder n,ta-

tion with frcqu.ncv ot 5 Flz,
L - tun.lanr(,ni.1 sinE bcndnr8/ailcftn r.tiii.n ivitlr
frcqucncy of ll and 6I11,
N - flis{:lage aniisynmch i.al bi:ndint (and stat ilizer
roiatioll)/mLldcr rotaLion ( iih fr! c:tucncy ol 12 I L;
U-sc.ond harnronic rvi,rg bdrclinganrl torsitn/allcron
rot.rtionrvith freqLlenc)' oI14 an.l15 Hz.

The Ijgurc is urterc'stntg,beciuse it contajns prcbnLlv
.rll tvpi..tl kx s oi VCf variatbnlvith nltihrrte:

sm.rll dcpcrric,,cy (,f V(r, Irom .rltitude (e.9. D and

Fr(:ai dcpcndcncv of Vt'f fr(nrl altiilrd{: (l- flLrttrr

iluin r .t hjgh illLtudes onl\'(V tluitcr nr(,dc)
\rllniler appears onlv o!1rr 1000nr iltjtudc af.l c.n bc

tlnninrtcd by sliBht nr.:r i:rsnrg rudder mass balance.
l:igure 3 .(nriains thc fhrilrr calculaiion r.sults of ihc

pron)i\'pe of SZI)-55 Elidr:r bascLl on nri:asutr'(1 vibra-
uo,l ,ro.]es, tre.t(encies and mod.rl d.lolpnrg coelll
ricr r ts. t he n x)dcs w rrc lrrtll)gor1n Listd $ i th thcorc iical
nr.sq mod.lusc. This tigxrrshor!! ih..x.rnflc vrithnLt
\!'lttr L]xlLr!t r! itli sti.k untl pcclals frte. trt th is case, the
\/NIi is limii. d b' Lwo flultrr nrics

Il synrmetrlcnl rving.rrd f Dsclagc bcndiDg fluttcr$'ith
el€vnlor.olati.rn .nd f|(tlr(llcy of 11 Hz,
L nntjst'nrmetrical wing b0 hg / ailcrolr rotation
flftter \^'ith freqLrencY,l and 6Ilz.

Faaminaiion of ih. I1(V) .li.rgranrs skx{s ilte co(iclLr

sions described bcl(N.
The typicaldiigran forcollirol s!.f.r.c flutter is sirnj

lart{,a tarabota,scc |igurel Drl,. Kiessljng,lote.l, that
thr lin..onnc.tinE thc poirlts lor l{hi.h tlie 

'roiion 
is

lcasid.mf i,d (or nr)stLlivlrrge,rt), L1sLrally is.lose tollne
l-,\S = const.-l'he.hargc,rf tlt.riii..lsfll Ll r'iih iliEhi
nltitri.le depcnds Dol only (D ihis line bLrt nlri) (!L tlit
p.r.bol.'ridlh. For ailcrol fluttcr (rnoLfu L) ar for
symnciric wnrg flutter h'ith ail€ron rotaiion or torsion
(nrodc E)it is f'pjcnl trr have avery rvidecL,rle I I versus
V. In thccascof lluitcr..rLrsedL,t rLldderrotntion(mode
V) th. width is usuall)' snull.

hr thc cxanrtli: sholvn in FigLlre 1, the apex inre of
nuiler F, is slightly oui {)f plllntb tilted io higher spee.ls
at highc. aLiituct.s. In spite oI that, the big spread of the
parabola's arnrs results nl .1 stro|g .lecre.se if the
critn'al spccd, at sorrc point even rlore thnn corre
spolds t'r l,A.S = .onst.

Variitnnr of .ritiral fl utterspe€rl lEAS) oioiher ilrlter
kn s with nliihr.le is not signifi.an!. Il is pn's.ni{ d in
Figuri- 2, flutt(r C an.l li8urc 4, flutter S .

3. CALCULATION OF THE CRITICAI, SPEEII OF
CONTI{OL SURFACE FLUT I hR

Tlreexirlplesshoi!n indicaie ihai thccl itnral st..d of
control surfaces flLrtter !,a.ics strollgly s iih.lijtud. Of
coLrrse, these krtrds ott!tter nray uslr.lll bc eliminatc.l
by increisif g nriss balancc of tli( control strrfacc suffi'
.iently. Horv€ler,ILrll (stitjcaL or only d\'n.rm ical) nr.ss
bal.l,rccoicontroLsLrrlncesmn) redL,ce ihe perlo nenc€
c,fthe glider, so ii shoulcl beoptirnil. Flullcr.liminaiion
tlrroLrgh thr incre.rse oi stru.t(lnl stiftness is beller, bul
,na)' irrcrcasc thc gli.lcr mass nnd/or cosi. Corsdeflnt
therbove, itis important, to use correct clesign, ha! ing
rcgard to the possibili['ol app€irance or b.cklash,
friction or other nonljne.rjties ln the conhbl systcm. In
nddiiion, thc control s)sicm i:lcmcnis havc their nass
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FIGURE 3. V.ri.tiof of calc!LatR1 VCl: alih aliitLrdc for
SZD-55 protoiypc $'ithboth thc.o,ltrol sti.k.nd ted.ls f ree.

and €lnstjcjty. NItlch infol-m.ltion on this subj.,cr rvas
ga the.ed in Relerence 6, a rld the me thod of considcrhg
nonhlcaritics Lrshg harnronic linenrizationwas shorvn
jn (3).

nle n ecessity for co11Sideration of control svs icm elc-
ment nrasses jn flutter calcLrlations, anda simple way of
doh| so, was dcscribccl h (8). Thanks to dre consider
ation of clcvak)r conirol systcm elements mass, ii was
possiblc b cxplah and climnlaie symmetrjcal flrtter
(Figurea,5) which\\'as.iiscoverednr SZD-56 probiype
flight tests $'ithwaterballasi in thc frollt tanks (Spring,
1991).

The classlc.l metho.ls of r )dc dctcrmhaiim are
b.rsed on a simplified tlicorctical modcl of rudder, el
€vat(rr, aiteronan.l flaps.ln this modcl, namcd "sprjnt
mounied control surface" nlodel, thc conirol surface is
assunlcd to be attached to the siabiljzer, fjn orh'ingby
mcansof hinges and a hinge nrornentcounterbalancing
spring. The pushro.ls, lcvers or links colnecting the
cont.ol surfice r!iih stick, pedal or control lever are
ignored. l:Iolvever, experience sho\^'ed thai nr mo.lern
glidcrs with light corll'ol sLrraices, thjs mo.lel is lna.l
equaie, the control system elements m.lss ne€d io be
considererl ln lLrll.

Figu re 6 shorvs the conligLrratroI1 ot the SZD 5r, glider
elev.ltor control slsicnr ur tlic fir. l'hc nrrolvs in.li.at(
thc sclcctcd, elcnrcniary LlisplacemenLs utilized jn ihe
thcorctical modcluse.l for calculalions of vibration.

ln thiscase control sysiem elements were grouped as
tdlon's: one group coniained those thdt only increase
lhe c r r^r dp/.. on,r'.r.\.'rJl.r..enoelfe.t
uprnanycoLlplings of theelevatLrrLlefl ection rvithoiher
cl.irortarv displa..mcntsof ihe glidi'r,rvhilethe othe.s
inclLl.:ted those conirol system clcntcnts which - likc
pushrods 1or 2 and anti'flutter mass 3 - cause such
couplngs.

As f.rr .rs ihe first troup of elenrents is concernod, it
!v.s assLrJned that the energy of that porLion ol lheir
motronrvhichls nlentical to the rnoiion ofthep.uucLLlar
elementof the glider'sstructure, h.sbeenaccounted for
in the "sprinB-mounied elev.ltor" model. Any addl
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tional displacenent duc b elcvaior defleciio. are or-
thoilofnl to tire .lisplacemenis nccount€.l for in that
nod-l L..d..ul.i, re : npl,.pr lrr..l ',1, .r-..,mp
tionis saiisf ied becaLrseelevatordeflecinn res!ltsin the
p ushrod's displaccncni along the tu selage longi tu d inal
axls,.lnd the compuiiiional modcl ignores the fusclage
djsplacenlents ilr this dircctn)n. The kineiic ener8y of
elcvakrr conirol system elements $,as represcntecl by
adcliti(Dal terms of mass matrix.

Considcring the elements nr clu ded in the othcr 8ro up,
one mustaccountfor theh whole kinetic energyinducccl
by the glider motion.In thc example (FiSure 6), there is
consideration of the energy of clcmcnts 1,2 and 3
resulting from ihe rotation and displaccnl(llt of the
verticaltajl, asrrellas from displacenents and anSlesof
rotation appropriate to the stabilizcr ccn tcr section and

The results olcalculation done thiswayarcpresented
nrligure'1and ihcy pertain to the SZD 56 gliderrviih2
x 80 kg a'aterballast in the front tanks. Thc calculaiion
was based on the theoretical mass and stiffncss model
corrected to obtain compliance with resultofa grolrnd
vibration test. Thc ncasured modal damping factors
were taken inb cor$ideration. The following flutter

E symmetrical bendinS flutter of the wing's tips wiih
ail eron rotation and frequency about 25 Hz, iypical for
a tlider with waterballast in the \,fig,
S torsional tlutter of fin \^'ith rLrdder rotation and
rrrselage ben.ling, with frequency about 1l Hz,
B symmetrlcal fuselage ben.ling fluttcr wiih elcvator
roiation, wiih frectuency of9 Hz.

fluttcr B alnost precisely corresponds to the vjbra
tion found during flight ai indicated airspeed close io
150 km/h The mode shape of this type of flutter is
illusirated in ligure 5.

Calclllations shorved that rnass 3 has a favorable
ettect. This $'as confirmed nr flight, no ts flutier occur'
ring $,iih nass 3 instatled.

Anoihcr moLlc of fllrtter of frcqucncy 30Hz ancl low
amplihrdc, {'ns rccorde.t in fli8hi probabLy elevator
roiation (,ithin backlash range.. Tlriswaselinlinaicdby
adding small mass balances on the elevaior ijps.

I

1

!_IGURE 4. Results of fhtte. calculiti(D for proknyPe of
SZD'56 gli.lcr bcfore the anti-fluticr mass ba lan.e.



FIGURE5.Molleshapcof fl!iterBfron.al.!l.iionshorvn
on figure,l (rr.lighi aisea levcl.

FIGURE 6. El.v!tor control systcm levem and Pushrods jn

the SZD'56 glider fnl aieo. The pich,rc indi..tes the most
important dcgrees of frecdom accou nted fd in th. ..1.u la

tions (in su..essnm: ve*ical disPla.ement and rot)tiof
.' B L/...). r \.rrr'Jl r' r P/1' ./ t h t

'e.lrnr" l lroi.i/er.'rl4.r r'.fe''. I -)

Thc verijcal tailplin. nr svmnetri. fll tier cal.ulation ls

ireated as a.igld body.

4. CONCLUSIONS
The calculations of this invesiigation showed that

criiical flutter spee.t FAS goes down as altitu.:le in-
c.eascs. ln case of control surface fluticr ihe decreasc

nray exceed skm/h for each thousand meters of alti-
iudc, and in excetti( al cases may be snnilar to thc
decrease dcsitnate.l by TAS = const. There arc also
some kinds offlutter which arc possible atlrigh altitude
onl)'. As the resLllt ofthis situation, ifihe critical flutter
mode is not knolvrr, there is ro basis for alteri|8 the
exis ti ng red u.tion js,VNF. orer3000rn (or o!cr the tesi
f'liglrt aliitude) accordjng io illc la!\'TAS - corst.

However one shoulLl rcalize thatihe situatbn sllorvn
for cxample in liSure I docs not often occur. Usuail)'
VCF decrcascsmore slowlv $'ith altitu.:leircrcasc Also
the limiis insomecasescoulclbe setbt ts'o (fiBLlre 3)or
cvcn more kinds of nuttcr. Hence, ihe possibility of
changing the regutations shouldbe consjclerrr] f orwell
documenied c.rses. The VN-F.F speed ataltitu.lcs higher
than HF flutter test aliitlrdc could have bccn de

scribed as K[ VC[, $]here KF is equal toVNT./VCI at
I Ip, as in rcfcrcnce (7)

Bccausc of thc possibilitl' of ilic aPP€arance of nerv
instabiliiy arcas at nltituLles cxcceding the t.:st flitht
altiiude, ii is recommcnded tl1ni ihc flutter analysis
should be extended up to the estjmatcd oPerational
ceiling of ihe sailplancs before test RiShts are st.1rted.

The lvider f lu!tcr analysis \\'ould jnvolve jLrst sliShtly
l';,.r .'.'"r .".Ll r.o..1L(rf.-r l lP! rr..rriir'-
pariof the calculations is the creaiiollofthec.lculaiion
modcl and thc determhation of proPer vibrations is
already dollc. To obtanr ttle results for differctli flight
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altitude, a change of only one Parameter (ai. .lcnsit,v)
alrd a ljttle exira computer work is requircd
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