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SUMMARY
The lineariz€11 irnalltic lrlodel of t€neral longitudinal movement of the sailplane is discuss€d. Ljnearized de\iation

equations ofmotion, d€rivecl in a stabiUty co-ordinat€ sysiem, are applied to the paiametric analysls of the sailplane longj

- tudinal d)'narnic stabilit\ for arbitlar)r synretric iliShi conditions. The anal),tic nlodel is generated in the form oi an inteF
active proBrn nling produci ITODYST. This is used to show the eftect of some mass and geometric parameters on the

.. shori'p€riod .rnd phugoicl motions following the disturbance from a selecied refer€nce flighi conditjon.

qY\,1BOI S AND IJNITS

A (l) bing aspect iatio

a (l/rad) slope of sailplane lift cur.r'e

(1r'rad) slope ofwing/tuselaBe lift curve

ah (l/rad) siope ofhorizontal tailplane lift curve

b (nl) wing span

a 0n) .mean 
aerodynamic chord of wing

O) sailplane zerolift drag coefficient

c' (1) sailplane lift coefficieni

c. (r) piiching momeni coefficient

c. O) resultant aerodynamic force coefficieni in z-axis direction

" (1) coefficient of aerodynamjc efficiency (Oswald's coefficient)

H (m) reference altiiude of fli8ht

I, (k8D:) mass moment of inertia to y-axis

L', (ln) horizontal tailplane arm

nr {kB) sailplane mass

' rrl. prrrlo m *irg"tta
5, inll) planfornr horizontal tailplane area

', ii irlll reterence irimmed fli8hi velocity

il) non dimensionalsailplanc acrodvnami c centre posjirun

(l ) non-dimensional wint/ fuselage aerodynamic centre position

i, O) non-dimensional centre of $avity position

d C) sailplane angle of attack

1 (1) characteristic equation root

! (1) non-dimensional sailplane mass

p (k8/mr) air density

O O sailplane pitch angle
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INTRODUCTION
Stability and control belongs to the dominant problems of the flight characleristics of each aerodyne, including sail-

plane. Stability and controllability directly affect the safety of its operation. Therefore great aitention to the analysis of
both phenomena fronr verv early phases of the sailplane design must be paid. This paper deals with the lontitudinal
dynamic stability of the sailplane. The longitudinal dynamic stability is deternrined by Scneral molions around aircraft
transversal axis, occurring after disturbance of the stabilised reterence flight conditions. Fbwever the good shtic lonSitu-
dinalsiabilityisimportant,butnottheonlyconditionforshowingtheapproprialedynanriclongitudinalstabilitycharac
leristics Aftcr disturbanft of initial ili8ht conditions the return pitchint momont must arise to re8.rin thcsr initidl flight
conditions. Crcat nunrber ofdesign paraneters and fliSht conditions affect the lonFiudinnl d)'namie stabilily. fheaimof
prcsented analysis is to Benerally invesiigate ihe effect of the selected design parameters and fliSht concliiions on the

sailplane longitudinal dynamic stability chamcteristics.

ANALYTIC MODEL
For investitation of the sailplane lonFtudinal dynamic stability the modifi€d analytic model was creaied. The modifi-

cation isbased on the application of general equations ofmotion, reduced to lineansed deviation €quations derived in the
stability co-ordinates system. The influence of air compressibility on the aerodynamic stabilily derivatives had noi been

considered. The derivatives cdv and cly were neglected.
The basic characteristict necessary to evaluate the longitudinal dynamic stability of the sailplane, are set up from the

roots of characteristic system equaiion, derived oncondition, that the stability determinant fornon-trivial solution is zero.

-ct. cL,

[(2p+cL)l-cz-] -[(2p-c4)l-ci.,tlOal
-(c-.1+c-.) (,/rl''1 - c.,l)

By developing the stabiliiy dcicrminant we obthin the neccssary chrracieristi. equation of.l-th dc8'r!'e

PtJ" + P:J" +Pt\1+Prl'+Po = 0,

u'here the coefficients of the characteristic equation are defined b), the follo$ in8 e\pri'ssr()ns:

po = a 4lQ.c 1;g@ a + cr,)tgoi +2cL,lc,.

t't = 2c h$E..tg@ N - c-.c'. - c L.c n.)+
+(2c L.tg@ F + c,)l(2$ - cU)cn.- c\cz. - c6.c\,tg@ xl

Pt=2tt(cz-c-.+c^.cL.tgOR)+(2.c1.8@a+c,i)lcLi;+Qp+cr.)c-,+(2F-cr,)c-.i+
+2tc L.c '.1 t - t(2tr - c L.)c ..1

Pt = -zllc z-E + (ztt- cq)c. rl - (2F + ch )I2I!c ^, 
+Qc L,tgo R + c,)rl

P. =zttQp+ c L.)l t.

Both the input aerodynamic stability derivatives and other necessary data are giv€n or calculaled directly durint the

process. Dedved analytic model may be applied for inveslitation of the stability in the straiSht slable Sliding ftight in
vertical plane.Thir so called "reference fli8ht condition", stability of which is investigated, is definedbyspeed VR, or the

lift co€Ifici€nt Cu respectively, and flitht altitude H. The pitch antle ofsailplane O& that is in time t=0 identical with the
flitht-path angle lfu is calculated automatically.

llzpL-zchrg@1 - c,r)

A=l 2cu

lo
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APPLICATION AND RESULTS
The above-mentioned analytic model was us€d in the semi-intera€tive so-war€ product PODYST. The analytic model is

pro$ammed jn FORTRAN language for PC application. The original and modified version oftwo-seatei training sailPlan€ Ll3
Blanik was chosen for this application of parametncal analysis ofthe longiiudinal dynamic stability. The basic input parameters
(geometri€al, aerod],namic and mass, are as follows:

S = 17,35 (mr) S, = 2,65 (m2)
e = 1,3 (m) Lh = s,19 (m)
b = 3,85 (m) m = 500 (k8)
a"b = 5,07 (l/rad) I, = 1236 (k8m2)
.1]., = 0,216 (1) ah = 3,86 {l/iad)

The basic par .tnleters oi tlidint lllght are: VR = 90 (km /h), or CrR = 0,735 (1) iespeciively,
H=0(n1),

coo = O02s (t)
e = O80 (1)

i" = 0,23 (1)

4,42

.. -_:,L _ rr,
The rolercnc. lin ...lfiri(nr C i inLl lhc iliqht .iiitude H (the variable paramete6 ol thc llighi condilions) r'ere gradually

.hinged \s i(.i:h. nrajr firanrrl.rs. rh. mas\ oi the snilplrfe "m" nnd thu ft-l.tive posiii.rn oi the !ailplane c€Dtr€ of Fraviiy r.,
trere !nrifd \. it! th. q..mrl .il fnrinr.l.ri ih€.hange of ih€ horiT.nlal iailPlanc arca Sf an.l the arm behrecn horizonhl
tiilplnne a.n)LrvniDr..entr! fLarii()n ini ..!inS-iLrsei.ge .omLrinalion arro.llnamic cntrr posiiion Li hc.e invrstigrte.l. Thr
effect ol th. .hing. L,i ihc -rilplrnc D,!n!nt {,f inerti,r, .lerndinS on lhc horiz.ntal tail rrm, w:rs simplified io thc influrnte oi
the i.nal iusrlige irngth Lrp()n thjs nr( nr!ni

rorh.io!rse:,!thrrinl),,d.g pn 'h' lroLi(i!riph tlusiraiet p()!iti()ns.f generall! conrpl€\ rooh 1L=h+ik), their real parts
.(trrcsp!.L1inS r,, rhr .larnriig ind thc rnrnljjn.r) F,rrts io the frequ.nr), J.irending.n th. !ariecl parameter. All oihcr paran
et€rs rr. con:i.lfl -rnd .!! rc!fonLl t,, thc bn.i( jnprt lirrmcids, mrnlionrd aln)vc. Ihc results of parametnc anal),sis are pre'
senicd rn folki\!ng hEUrrs.

Ijg I e\prcssc: :he iniluen.. .t ge.m.trical and nriss par.meiers Lrpon the short periodic oscillation wiih a relatively shori
pcriod (;l,out \r'..riIse..nLisl. |roDr (he..ur\e ofrootsitisobvious, that position of the ..nire of grav ity r€markably affe.ts the
:hort f.riod .s.illation., nrainiy lhe (\cjllaii.n fr€quen.y, shereas the size oi honzontrl tail area affects both frcquenq, and
dnml'ing. l he .llrgrim hrrth€' rhlMs, th.t thc re.mards c. oi g posjtion leads to disintegration of the complex root into two
.eal b()ts, Fositioned on the horizdrtal }is or th€ hodog'aph. The horizontal tail arm aft€cts the dampin8, bui ihis effect is less
significrnt than rh. onc Lrlhorizonial tail area. To compare, note the innuence of ihe same parametels upon ihe phuSoid oscilla-
tions, ivpical fLrr their long penods lasting dozen5 of seconds (up to l-2 minuies), on ihe Filrur€ 1.

lve .annot .ornfare ih€se tso tvpes of oscillations on the single graphical scale. This is ihe reason, wh]' we present them
separntply ln Fig.2 the iniluencc ofih. sam€ pararneters upon th€ phugoid oscillation is shown. Th€ sizeofhonzontal tail area
has small €hcci on thc t equenc)' oios.jllirtion wher€as the influ€nce upon the dampinS is mor€ notjceable. The c. ol g. posiiion
a{fects boih ihe Lia pinS .rnd ircqu€n.}, but not significantlt:

Furiher couFle of figLrr€s sho!!s ihe influence of ihe flighi condiiions and sailplane mass upon both components of the oscil
laiion aft€r the disturbance. ll is obvn us (!ig.3) ihat the tesied parameters have almost no influence on ihe fr€quency of short-

\
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Fig. 1 The influence
oscilation) of the L-l3

4,10-0,12
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of hoizontal tail area, horizontal tail arm and C.G. position upon the shotperiod (and phugoid
Blanilg iwo-seat training sailplane.
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Fig.z The influence of horizontal tail area, horizontal tail arm and C.G. position upon the phuSoid oscillation of the

L-13 Blanik two-seat trainint sailPlane.

Th€ damping of short-period oscillations is changinS rapidly and it drops with the increasinsfliSht altitude and sailPlane

mass. The Iift c;efJicient aflight sp€ed) does notinfluence neither the damping nor the frequency of short-Period oscillations

The influenc€ o{ the same parameters upon the phutoid oscitlations (Fig.4) has similar character when the influence of

sailplane mass and flight aliitude is considercd, but the influence of lift coefficient (flight sPeed) uPon the frequ€ncy and

darirpingis more remaikable in companson with the short period oscillations case. Both frequency and damping of Phugoid
oscillations drcp with incrcasing airsPeed.
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Fig. 3 The influence ofmass, altitude and airspeed upon th€ short-period oscillation of the L-13 Blanik, two-s€at trajn_

ing sailplane.
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FiB.,l The influence of mass, altitude and lift coefficient (airspeed) upon the phugoid oscillation of the L-13 Blaniktwo-
s€at trainingsailplane-

CONCLUSIONS
The prcsented programme product PODYST enables to tenerally investigate the influence of some selected design

parameters of ihe sailplane and the flitht conditions on the longitudinal dynamic stability by the application of the root
hodograph. Considerint the lontitudinal dynamic stabiiity, more detailed and acceptable characteristics can be calculated
for some special sel€cted cases. Among these charactenshcs belong e.t. time, necessary for dampint of short-period and
phuSoid oscillations amplitude, frequency, periods, number of oscillations, lotarithmic decrement of dampinS, etc. The
presented protramme is now in its Prototype Phase. We arc PrePared to gadualy Precise the Progamme and transferit
to the user's friendly form.

REFERENCES

ETKIN, B,: Dynamics ofAtmosphenc Flight,John Wiley & Sons, Torcnto,1972
DANEK, V: ComputerAided Analysis of the Subsonic Airplane Stability and Control, Grant Rep. No. FP 359571
Bmo University of Technology, 1995 (in Czech)

VOLUME MU NO.2 July,2000 TECHNICAL SOAAING


