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Abbreviations

(e1, &, &3) experimental system of coordinates

c = chord length
= mean aerodynamic chord length (MAC)
C = lift-coefficient of the profile
CL = lift-coefficient
cLw = lift-coefficient of the wing
c.n = lift-coefficient of the elevator
Cq = drag-coefficient of the airfoll
Cobw = drag coefficient of the wing
cpi = Iinduced drag-coefficient of the wing
Cmo = momentum-coefficient of the airfoil relatedits aerodynamic centre
Cm = momentum-coefficient of plane
Cmo = mMmomentum-coefficient of the lifting wing réda to its aerodynamic centre
™ = distance of the aerodynamic centre of theatte from the c.g.
X,Y,Z = inertia-forces in the experimental-system
A = wing-area
An = elevator-area
L = lift
Lw = lift of the wing
Lh = lift of the elevator
D = drag
Dw = drag of the lifting wing
Di = induced drag
M = pitching-moment of the glider
Mo = pitching-moment of the wing related to tlega@lynamic centre
XN = position of the aerodynamic centre of thelgjli

Xnw = position of the aerodynamic centre of theng wing



Xc.g.

i
F(n)

A1

A3

position of the centre of gravity
velocity of the glider

angle of attack
downwash-angle
difference of the angles of incidence of elevatud wing
ch/dt rotational speed of the angle of attack
angle of inclination, gliding-angle
difference of angles of incidence
aspect-ratio of the wing
lift efficiency-factor of the lifting wing
airfoil efficiency-factor of the lifting wing
efficiency-factor of the lifting Wing,\,é( = ay- g(a)
aspect-ratio of the elevator (shape influence)
lift efficiency-factor of the elevator (shap#luence)

y = rotational speed around the lateral y-axisugfothe c.g.
aerodynamic pressure,— =gp/2 - V2
airdensity,=1.25 kg/rr? at sea-level
measure of the static stability
body-mass
mass of model parti (e.g. wing, fuselageyaior,...)
distance of the mass-centre of model-padrfthe c.g.
mass-moment of inertia related to y-axis.jc.g
mass-moment of inertia of model-part i redate y-axis (c.g.)
characteristic equation with n solutions

solutions of F(4) fon-disturbances-

solutions of F(4) foB-V-disturbances

AAh

N



1. General Determinations
Generally in this paper for all theoretical consadi®ns the so-called experimental system €, €3) of
coordinates will be chosen , whexe coincides with the gliding path of the model drad an anglé of

inclination against the geodetic horiz@g. is chosen horizontally and coincides with therktg-axis of
the glider in wing direction, angs is defined bye; = e x e,

The angle of attacla of the wing thus is related to the agis

The anglest and® generally can vary independent on each other andegjuently also their time
derivatives = da/dtand q = y = db/dt.

Consequently the direction of the gliding speedoints towards the negative direction of teg—axis.

2. Forces at the Glider at longitudinal Motion

In the experimental system of coordinates the égusDf the forces acting at a glider, namely foeces
due to mass inertia and the aerodynamic lift aad dorces, are

e, — direction:
X =mlV
X =-mlglsind-D (2.1)

— e3—direction:

Z=mlVI[J

Z=-mlglcosd+L (2.2)

3. Pitching-Moment of the Glider
The pitching-moment M caused by air forces at fidegin general depends on

> the angle of attacka,
> the rotational speed of the angle of attack= da/dt ,

> and the rotational speed around the y-axis (lateras) q =y

M=M(a, , ) (3.1)

Using a non-dimensional momentum coefficiept @ccording to aerodynamic theory we get

|M =cmla, , y) & A | (3.2)

Taylor development of the momentum-coefficiept provides

j a,lC
a[étt + L[t (3.3)

m,d V m,w,

c, =¢,(a,00)+

m

Therein the derivatives ,c= cpn/ and G, y= Cn/ gare dependent om



The second term signifies the coefficient of a dewgymoment which is proportional to the rotational
speed . Essentially it results from the fact that thglam,(t) of the downwash resulting from the lifting
wing at the elevator in case of # 0 does not correspond to the angle of attgtkof the wing, but to

the anglea(t + t). t=ry/V and I, is about the distance of the aerodynamic centtheoélevator

from the centre of gravity, c.g. E.g. for> 0 the downwash angtey gets smaller and the resulting
angle of attack at the elevator beconteg=a (t) - aw(t + t). Thus the lift at the elevator becomes
larger then for the stationary case witk= 0, a negative pitching-moment will result, andyeneral we
have ¢, <0.

The third term signifies the coefficient of a damipgg-moment which is proportional to the rotational
speed g = y around the lateral axis through the c.g. It ressintim the fact that the angle of attack and
thus the lift at the elevator in case of, > 0 is increased by the anglg,- /V as compared to the
stationary state with y = 0. Again a negative pitching-moment results Wigh y < 0.

These aerodynamic pitching-moments are counterdgtélde mass-inertia of the glider-parts expressed
by their moments of inertig, &round they-axis of the gliderMay my be the mass of a glider part ands
distance from the c.g., then the mass-moment ofiégnef the glider can roughly be assessed to be

J, :izrn [t (3.4)
Thus for the pitching moment generally we have
0’9 0°a 0q  Oda (3.5)
M=J l—+—)= —— :
H ot> ot Y EQat ot

4. Aerodynamic Centre of the Glider, Xn

The aerodynamic centre of the glider is definethagoint Xy on its longitudinal axis about which the
pitching moment is constant with respect to thdenfjattack. Thus in case of a change of the aofgle
attack the resulting Lift lwill act through X.

Equally the aerodynamic centre of the lifting wisglefined as the pointng, about which the pitching
moment of the wing, in generally dependent on thrgvghape and the properties of the chosen airisils
constant with respect to the angle of attack. Sihedift- and momentum-characteristicg(a) and

cm(0), of most airfoils show a slightly non-linear deglence on the angle of attack for low Reynold-
numbers, Re <-106, the aerodynamic centre of model-wings can onlgdresidered to be stable for
smalla-ranges. This has to be taken into account atésggd of a model-plane in order to achieve
proper static and dynamic flight behaviour undéfligiht conditions.

The displacement of the overall aerodynamic ceofttbe plane X vs. the aerodynamic centre of the
wing Xnw may be denoted bAXN = Xy - Xnw- The momentum-equilibrium of the plane is theregiv
by

IAXN ‘L= rnn LA (4.2)

Herein Ly is the contribution of the elevator to the oveliftllof the plane, andy is the distance of the
aerodynamic centres of lifting wing and elevatoccérding to aerodynamic theories we get

Lh=Ch - An “€h (4.2)
chis the lift coefficient of the elevator relatedthe area Aof the elevator and the aerodynamic

pressure-gat the location of the elevator. For practicabmess it is preferred to relate the lift coefficient
of the elevator to the wing area A and its aerodyingressure q

Lh=ch A ‘g 4.3)



By comparison one gets
Cth=Cnh -An/A -eh /g (4.4)

If the airflow on the elevator would not be infleead by the wake from the wing we would get the
derivative

¢, =9Cuw g = 9Cn g An fn (4.5)
e da da A g

However, since downwash is generated in the wake of the wing, the anglatiafck at the elevator
location is reduced by the downwash argle= w/V. The difference of the angles of incidenetvilzen
wing and elevator may be denotedehythen the angle of attack at the elevator is given b

ah =a +ay + € (4.6)

Taking this angle of attack into account, the doifht of the elevator lift results to be

Cih = Chya [(0’+O'W+£)Eﬁ|:&

A g 4.7)

At a disturbance of the longitudinal motion of filane around the pitching-axis with fixed ruddée t
change of the elevator lift coefficient withis given by the derivative g q:

da

Cihiag = Chya E(l"'iW)DA*th*h

da

A

g

The overall lift-coefficient is

CL = Cw * Cun

(4.8)

(4.9

and in case of a disturbance around the pitchifgthe lift-slope ¢ o of the whole plane in case of fixed
controls results to

da,, A, o
Cloa =Clwia T Cha [ + da )BAT BOE (4.10)
Using formulas 4.8 and 4.10 in formula 4.1, we wélteive
CLh a
AX = [T, (4.11)
CL ,a
Related to the mean aerodynamic chord of the wiradly results
da
CIh a E(1+ W) |ﬁ Eﬂi
AX, _ ' da” A ¢ ETN—h
A - da ~
¢ CLwar +Clha E(1+ W)lﬁlﬂ ¢ (412)
’ ’ da” A g

In a larger distance behind the wing the free gediof both halves of the wing induce a downwash
angle of aboutiy, =-2 qw/ (Tt ). There fromresultsay / a=-2 Gw,a/ (- ) and for the
aerodynamic centre of the plane



CIhar l:(l_ 2C|-W0/)|j ljh
DX, _ ' N A9 (4.13)
¢ 2y cfhfh €
1-—
CLwa Clhal:( HU\W) A q

This formula is still rather complex and for mostdellers impossible to solve. A way out of this

dilemma is found for practical cases when considghiow the derivatives ¢ q and ¢, g depend on the
lifting characteristics of the chosen airfoils amthe shape of wing and elevator.

The slope of the lift-coefficient of a lifting wingiamely ¢w q, is closely related to the slope of the lift-
coefficient of the applied airfoil, namelygby an efficiency factor denoted ag a

Clw,a = Aw " G,q (4.14)

ay takes into account the influence of the wing-shap#he formation of the free vortices on the wing-
surfaces. According to the limited wing-span arelwling-shape the ideal lifting-efficiency of thefail

is reduced. In an ideal non-viscous environmenstbpe of an ideal airfoil would b@& = 2Tt However,
in a viscous airflow for Re-numbers belovt @ non-linear deviations from this ideal slope may be
experienced, in the practically non-critical ramde¢he angles of attack mostly an increase up tab&6
experienced. This can be taken into account bynanefficiency-factor g(a), Thus we get

CLw,a = & - dw(Q) - 2T (4.15)

Ch,a = & * &n(a) - 2T (4.16)

Denoting & = g, - a,(a) formula 2.13 after a few rearrangements can xeitten to a practically easier
form:

AXy _ & B TAJA Ty
¢ l+a ®A/A ¢

therein @ and @ denote the total lifting-efficiencies of wing aatkvator.

(4.17)

Remark The lifting efficiency factorsypand & can easily be determined by means of BEMFM"-
programof the author.

For many practical cases it is sufficient to apjmately chose @= 1, andif the aspect-ratié\ > 5 then
according to the expanded lifting line theory tffeceency-factors can be approximated by

a =N\ (2+N +4) (4.18)

According to long time experience, using this ajpgfovery reliable result of flight-stability coutbe
practically achieved, as will be explained by aaraple later on.

5. Static longitudinal stability, o

One of the most important flight mechanical chaggstics of a glider is the capability, to redrédss
balance of the original stationary longitudinagfit state after disturbance of the angle of attacka
without using controls. A disturbance of the angflattack causes an increase or decrease of thoy lif

L of the plane, if thereby a momenturivl is caused that forces the plane to rotate bathdmriginal
state, the plane is featured statically stable sTehglider behaves statically stable if generadiig true
that



dM = -o -dL (5.1)

¢ is a non-dimensional positive constant factor Whécconsidered as a stability-measure for the
stationary longitudinal flight of a glider. The ¢gar it is, the larger the back-leading momentunh el
For g = 0 the stability-behaviour of the plane will beliffierent and it will no more be controllable, for
< 0 the longitudinal flight of the plane will becenmstable.

Note As will be shown later, besidesalso the mass-moments of inertia Jy of the glidets are to be
taken into account to completely determine the-til@gendent motion of a glider back to flight-balkanc
after disturbance
Using non-dimensional aerodynamic coefficients we g

o = —dcy/dg (5.2)
Based on the explanations in chapter 2 the pitchiagent around the c.g. is given by

M = —(Xn = Xcg) L + Mow = I'h* An + Mon (5.3)

Therein My is the pitching-moment for the wing at the aerodyitacentre, My, is that of the elevator,

and g, is the distance of the aerodynamic centre of theagbr from c.g. Moments according to the
vertical position of the forces can mostly be eetgd for gliders. For the change of the pitchingarant
around the c.g. by change of the lift here fronultss

daw / dq = —(Xn ~Xeg) / (5.4)

Implementing (3.4) in (3.2) yields

lo = % —Xeg) /| (5.5)

Therewith we have a very useful, quantitative meagor the static stability of the glider, namehet
distance of the c.g. from the aerodynamic centth@fplane related to the mean aerodynamic chord of
the lifting-wing. Because of the requirement 0, the c.g. must be positioned in front q§ i order to
achieve longitudinal static flight stability.

As will be discussed in more detail later on, ulutle position of the centre of gravity is to Hesen
such that the lift coefficient cat slow stationary gliding is either adapted t® ¢ptimum gliding or to the
minimum sinkrate. Once the c.g. is determined tglwation of the profile- and wing-characteristioy,
means of the theoretical considerations in chaptee geometrical parameters of the glider can be
chosen such that the required sizegofvill be achieved. One problem here may be howritlva found
out what the appropriate sizemis. The most adequate way is to determine the stzthility of one or
more representative models which are considerédye good stability-behaviour.

6. Free Oscillations of a Glider with Fixed Controls

The static stability-measue in principle just provides an answer to the gio@sivhether or not a glider
will behave stable on a stationary linear flightrpadowever, it does not inform how fast the glideit
redress the original stationary balance after asiyibance. In case of static stability we can ekpleat
the glider performs attenuated oscillations. Inttiest general case a glider may conduct comhined
and¥-oscillations as well as oscillations of the c.ggahe gliding path. As will be outlined later ém,
most practical cases tleoscillations are much faster than the c.g.-osailtet and by means of
appropriate choice of the glider-design-parameteran be achieved, that these oscillations arepgam
to such a degree that the glider returns to balanaevery short time. c.gscillations take longer and
cannot so well be damped, however, in practice tdaeyeasily be balanced out by proper RC-contigllin
of the pilot.

In order to determine the behaviour of a glideeraftisturbance of the angle of attack and/or tidrg
angle this movements may be considered as smaltdénces V, a und ¥ of a stationary linear



flight path. Then the equations for the forceshatdlider, given in chapter 2, may be developeal int
Taylor-progressions whereby higher power elements ariecied:

mlV = X, AV + X, A + X, [Aa

X, =-0D/oV
X, =-0D/oa (6.1)
X, =—mlglcosd

and

miVIId=2Z,[AV+Z,[A9+Z, [Aa

Z,=0L/oV
Z,=mlglsing (6.2)
Z, =0L/0a

Equally the momentum equation of chapter 3 is dgped to

d’Ad  d’Aa
=+

J
W1 dt? dt?

)=M, AV +M,Da+M,F+M, &

M, =M (@,0,0)/0V [qlAlc

M, =0M(a,0,0)/0a [qlAlc 6.3)
M, =c/VIc,,[qlAlT

M, =c/NVI(c,, +c,,) [qLAIC

Rearrangement of the force equations 6.1 and @l2fthe momentum equation 6.3 provides

(miE - x,)av - X, DS -X, Da
at _
~Z, AV (M EI(%—Z&)Aﬁ -7, a =0 (64
2 2 =0
-M, AV +(Jy[~|;%—M5)Az9 +(JyE|(;%—MaE|%—Mg)Aa

By means of an exponential description of the distnces according to
V= V,-e', a= a-e', o#= b -e'

the characteristic equation of the systén{ ) becomes:

mA - X, - X, - X

6.5
m VO, (F,(A)=| -Z, mVA -2, -Z ©9)

-M, JyDE-M, J F-M,A-M,




In flight-mechanical theories this equation is Ulsuaritten in subsequent form

[“+B-°+C-*+D- +E=0 (6.6)

According to the stability criteria ddurwitz for an oscillating system like the one considered
E>0! (6.7)

is a necessary requirement for the longitudindlibta of the glider. Taking equations 6.1 to 6rd
account, in detail we get

oD . oL oL oD .
AV (E=(—— F-— SHM _ +(— sI-— J)M 6.8
mVJ, (av mgsin v mgcos)M, (aa mgco g mgsing)M,, (6.8)

This can be rewritten to

5 i(L [mgcos? — D [mgsind)
mAVJ, [E = ——— (L [ingcosd - D [ingsing) (1M, + M,, 94
ov W(L [mgcosd — D [ngsind)

Here from results

—a(z/(L [mgcosd — D [ingsind)
mVJ

y

E=

[EMG M, %} 69)

Under normal angles of attack./ V-m-g-cost - D/ V-m-g-sinb > 0, thus the requirement 6.7 is
identical with the requirement

(6.10)
e, X 0

V/ a denotes the deviation of the speedbyherefore the differential-quotient of the ovémlching-
moment M derived bw and taken along the speed polar must be negatioader to achieve static
longitudinal stability:

.11

This result is well in correspondence with thoseludpter 5.

6.1 Fast pitching-oscillations

At stationary free flight gliding under conditionl@. for static longitudinal stability, because loé t
requirements V = ¥ = 0 the characteristic equation 6.5 will be rediie

JIX-M,A-M_ =0 (6.1.1)

y

This is the characteristic equation of an atterduptech-oscillation around the c.g. Since the até¢ion
factor —My is always positive by nature, this equation presideal roots in case of stability with
-Mg>0. By means of equations 6.3 we get



y

J DAZ—EC +C CALEA —cC [ALE=0
V( ma mwy)@1 ma 0 (6.1.2)

In order to solve this equation, next the derivaditherein have to be determined.

6.La The g-derivative

Dependent on the rotation of the glider aroundakeral axis y with the angular speed q &, the so
called g-derivatives, will play a roll. They restidm the distinct air wash which emerges at théoues
parts of the glider by interference of the genaidlow with speed V and of the local vertical #ow

with speed gr= y -r of the rotation, and where r is the distanicthe glider-part from the c.g. The
change of the flow-direction thereupon then coroesis to an incremental angle of attack, also called

“dynamic” angle of attackigyn, given by

Ogyn = atan(qr/V)=q-r/V (6.1.3)

Thereby at the elevator an incremental lift reswitich is given by

B @, [,
AL, = (G o)y B [0, O

(6.1.4)

Therein pis the distance of the aerodynamic centre of theatbr from c.g., for the incremental lift
coefficient follows

_ % ey Iy
Ac, = A
L q A mcl,a)h V

(6.1.5)
Taking into account that
c,, =0c 10(a, [E/V) (6.1.6)
the g-derivative of the elevator becomes
-9
Gl =2 i ae,),
9 c (6.1.7)
and for the overall derivative will result
— 9
CL,ay - (CL,ay)vving+fuselage+ - g% gkh qu ,a)h
q C (6.1.8)
The elevator contribution of the pitch attenuatiboments gy thus is
AM, =-r, [AL
oo , (6.1.9)
ﬁ s,
==(C o )n yV Lgy, LA,
With Mh=(Cmeyh -y (/V)-g-A- weget
2
-_9
(Cm,ay)h =- |ﬁA di% |:qcl,al)h
g c (6.1.10)

For the overall pitch-attenuation-moment it follows

10



(6.1.11)

Cm,w,/ = (Cm,ay)wing+fuselage_ (Cm,ay)h

At conventional glider-configurations, low sweeptloé lifting wing, and proper elevator distancenfiro
c.g., usually the contributions of wing and fuselage less than 1/10 of the elevator contributiam.
most practical cases in model flying we can assiiraethe aerodynamic pressure at wing and elevator

are about equaknhfy 1, and thus we finally get:

C. =—A‘%mq, ) (6.1.12)

Using formula 4.16, this attenuation derivative &iaally be written in the form

2
=278, [a,,(a) g% ETCLZ (6.1.13)

Crncy

This equation is of major importance for the desifa glider. The efficiency factofgays regard to the
geometric shape and to the aspect rAtjof the elevator, according to the extended lifimg-theory

with good approximationyg= Ah/(2+(Ah2 +4)1/2), e.g. for an elevator witt\, = 6 we roughly getig=

0.72. As described in chapter 4 the factgr@ays regard to the viscous flow-effects at theagter-airfoil
on its slope of the lift-coefficient withi. Usually the c.g of a glider is chosen for optimulidigg or
minimum sinkrate, then the lift at the elevatoclisse to zero and accordingly also the angle atkttin
order to increase the velocity of the glider, acréase of the angle of attack is required at tbeagor.
Roughly, most commonly used airfoils of elevataasdnsymmetrical shape and their viscosity-factor at
lower Re-numbers may deviate considerably fromdeal value g, 1 for high speed. Thus, in order to
guarantee a distinct pitch-attenuation-derivatiyg,gat any possible flight-velocity, fopathe minimum

ah 1 should be chosen and the parametgréd@and r2 of the elevator accordingly be adapted. This
means, for most practical purposes it is suffictenise the equation

Concy

e d§

(6.1.13a)

In many cases the value gf g, can be adopted from models known to provide gotahaation
behaviour.

6.1.b The - derivative of cm

The attenuation-derivative by= da/dt on the one side takes the retarded new formatighe airflow
from the lifting wing into account which result®fn an accelerated movement of the angle of attack,
the other side it pays regard to the downwashifractrriving at the elevator with delay after amno
stationary airflow-changes at the wing. With chan@éhe angle of attack bya in the first instance there
will appear equati-changes at wing and elevator. But only after atdalay of t the downwash-change
of the lifting wing becomes effective at the el@ravhat then leads to an incremental change océtigte
of attack of the elevator. Under stationary fligotaditions (ayw/ a)- o corresponds to the relation of
downwash and angle of attack. In a larger distétend the lifting wing with quasi-elliptical wing-
shape it can be assumed that

oa 2 EdCLW

oa ~72[A da

As shown in chapter 4, o = ay-aw()-2'T, whereinapy(a) takes care of the viscous airflow-effects in
the boundary-layer of the airfoil used at theriftiwing. Thus we can write

(6.1.15)

da, _4la,la,(a) _4la,

oa N N

(6.1.16)

11



For the case of non-stationary airflka Placetransformation of the downwash-changes at theagbev
yields with p=1/t

Aa,(p) =22 , Ba(p) & "™ (6.1.17)

and for the effective increment of the angle odalttat the elevator follows

Aa,(p) =Aa(p) E(l— Dy @'pm) (6.1.18)

Development into a progression for small pitchinegiencies, |p|<<1t, will supply
aa aa

Aa,(p) =La(p) - ac;” [ Ler (6.1.19)

Herewith for the change of the lift at the eleva&sults to

AL, =(c ), [Aa, [, [A (6.1.19a)

= qh [ﬁ 15 ), EEAO/ M- W) + %‘(’; At m} (6.1.19b)

The first term in equatlon 6.1.19b correspondsh&)sitationary change, the second term corresporals t
—derivative, and taking into account the defimitio

C ,=0c /a(alElV)

we will get
- qh aw
C, i ET%A E?Paa G )y [At % (6.1.20)

t can be calculated by means of the speed V angath I',* which the changed wake has to travel
from the lifting wing to the elevator, namelyt ry*/V. Herewith for the -derivative turns to be

=G A (99 6.1.21
q A é aa mcl,a)h ( )

The momentum-derivative
C., =0c, /o(alEIV)
by means of the equation
AM =-AL [r, = AL, [(ry = (X g = X)) (6.1.22)

can be written in the form

<2 _
o == i m- T T g )| 6129
A C r da

The position of the aerodynamic centre of the wiXig,, , depends on the lift- and momentum-
derivatives of the chosen airfoils according to

C
it (6.1.24)
C

wherein ¢w,q = ay - dw(a) - 2Tt

12



For standard glidergt = r, and-g, = g. and thus with sufficient accuracy we can write

<A g Kee ™ Xy 99, (6.1.24)
Cm,a A ézll r ) aa mcl,a)h

h

According to chapter 4,5q = & - &n(a) - 2T, a=ay &(a), and finally the attenuation derivative due
to turns out to be

2 X =X a
c ., =—2IT Eﬁlﬁ'& 1- ¢ Nw L‘? w (6.1.25)
ma 2, A 62[( r, ) da

Even at major changes ofy due to viscous airfoil-effects for most standalideys |X.g-Xnwl <<
for the non-criticati-region of the wing-sections therefore with suffiti accuracy we can assume that

2
Crg = —27T[A, E% E{h—z B%%W (6.1.25)

C

Altogether the attenuation-derivatives will supply

Eﬁ z oa
c . +c ==2mr[@& ih 1+ —W (6.1.26)
'm,ay m,a mh A 62 [( aa )

According to formula 6.1.16 ay/ o is of the order of magnitude ofad* /Aw, and consequently for

gliders with higher aspect ratios of the liftingngithe downwash-derivativex,,/ a may be neglected
without major error. Thus, finally it can be statbdt the major contribution to the attenuatiorhef
rotational movement of a glider results from thdeagivative.

6.1.c The a - derivative of cm

The lift-dependence of a glider on the angle afcttwithin the non-criticati-range of the chosen airfoils
in a first approach is composed of shares froniifireg wing and the elevator. The influence of the
fuselage shall here be neglected. Since effectdtirag from drag are also of secondary importarficen
chapter 2 and with cag, = 1 and |, - sinay| << |, - cosa,| the total lift of the glider is given by

L=Ly+Lp, (6.1.27)
and using the manner of writing with lift coeffioits

L=cL-9-A,  Lv=cCLw 94 Ay Lh=Cih -4 -An
We get

G Ef%
c =c_+-1n 6.1.28
L Lw q A |]:Ih ( )

Taking into account the downwash factaxy/ o, the overall lift slope of the glider results to

oa
= 1- w [ﬂi ﬁ 6.1.29
CL,a (CL,a)w + ( aa ) |]Cl,a)h q A ( )

By use of formula 6.1.29 tree-derivative of the pitching-moment turns out to be

X . =X
cm‘a = (CL,a)W [f-co. _ Nw (1_ aaw) quya)h [ﬂi gﬁ df (6.1.30)
C oa g A ¢
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This derivative essentially depends on the sizb@tlevator and its distance from c.g. The pasitib
the aerodynamic centre of the wing is influencedhgyviscous effects of the chosen airfoils anagily

equation 6.1.24.

By use of equations 4.15 and 4.16 and under therggfon that-g = q it finally follows

_ 2 X Xc.g.
Cn, =271(4, g

X

(6.1.31)

6.1.d Consequences for the Fast Pitching-Oscillations

Attenuated Oscillation

M
S A
sl N
Wl AR s
Wl A A

12= - *jw with w= %2_ 2

A disturbance Z(t) then results from the generaltem

Z(t) - (Cl I}ja[t + Cg l}—ju[t) I}—é[t

Generally the characteristic equation of an
attenuated oscillation is written in the form

2

+(,002:C

+2- (6.1.32)

there inwy [s'l] is called circular “eigen”-

frequency and [s'l] is called attenuation
constant. Attenuated oscillation is given for the

case when < .

In this case equation 6.1.32 has two conjugated
complex solutions

(j denotes the imaginary unit).

(6.1.33a)

Att =0, Z = Z = Z(t,) for the undetermined coefficientg @nd G results 4 = C;+Cp, and for our

purposes Z(t) can finally be transformed into et

Z(t) = Z(t,) (B [Cos( + §)

(6.1.33)

Above graphic illustrates the attenuation of auttsance Z(t) with time, the two enveloping curves
describe the time dependent damping of the osmilfanotion after the disturbance.

The larger the attenuation constanthe more rapidly the envelope gfexp(- -t) approaches 0. The

usual measure for it is D .

By comparison of equation 6.1.2 with equation &1f8r the attenuated oscillations of the pitching
movement of the glider after disturbance of théi@tary gliding we get

1 ¢
= +

o 203, E\g [Cyy *Couy) [HLCALE (6.1.34)
Taking into account equation 6.1.26 we will finadjgt

5= "m0y (6.1.35)

23, oa

Here is the density of the air.
L] This equation tells us that after disturbance efahgle of attack and/or the gliding angle, the

damping of pitching-oscillations mainly dependsshiape and geometry of the elevator and in particula
most strongly on the distance of the elevator foog since this acts with the second power.
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= In the non-criticabi-range usually the viscosity factor of the elevatiofoil apr(a) 1, in particular
at very low Re-numbers where viscosity-effectshimboundary layer of the airfoil play a considegabl
role for the airflow. In order to make sure thatlider will provide desired attenuation, the lovierit

aph=1 should be chosen in equation 6.1.35, and casrelpgly the other parameters for the required

. As mentioned earlier, regard to the downwash id pgi ay/ o = &ay” M. In principle it will
become smaller with increasing aspect-ratio ofiftieg wing, and as will still be discussed latdye to
deteriorating viscous-effects with increasing ftigklocity it will decrease with increase of thdogty.

At lower velocity, for gliders with small aspectia(Aw = 10) the downwash factor may becomg,/ o

= 0.5, at higher speed for gliders with higher aspatd ((\w = 25) the lower border will be in the range

of aw/ a=0.15. This means that the attenuation of the pitsbscillation will become smaller with
increasing aspect-ratio of the lifting wing whicashto be taken into account for the size and the
momentum-arm of the elevator.

= We also learn from equation 6.1.35 that the atteowa@f the pitching oscillation increases with
the speed and with the mean aerodynamic chord (MA®)e glider.

. A factor to which most often not sufficient attiemtis drawn is the mass-moment of inertja J
around the lateral axis of the glider. Accordingetpuation 3.4. the masses of the tail and the obge
glider contribute most to this moment, thus in ordeachieve proper attenuation and to keep theatde
dimensions small, according to equation 6.1.35msiraction goal should be to keep the elevator raass
low as possible (correspondingly the mass in thetfpart of the fuselage can be reduced).

L] The attenuation of the pitching oscillation, howeveust not be chosen too strong because on the
other side the response to the elevator controtipaay become too slow for the necessary
manoeuvrability. When designing a new glider mo#tban be very helpful to determine the values of
the characteristic parameters for the attenuatimm fgliders known to provide the requiredneasure.

For the circular “eigen”-frequenay, of the corresponding non-attenuated oscillationatters

o = —Jl (¢, QLA (6.1.36)

y

and taking into account equation 6.1.31 it willntwut to become

1 Xeg =X oa,
W =L o Zes g 9%y B (S o g oaie| 60
b=77 Eﬁﬂﬁw z ( aa) VAF: X 4 A e [y (6.1.37)

y

= Since the aerodynamic centre of the lifting wingéermined by the wing-design and the chosen
airfoils and the position of the c.g in principksults from the requirements for optimum glidingl/an
minimum sinkrate, and since all other parametezsiatermined by the requirement for sufficientistat

stability and attenuation, there is no more pokgitib affect w.

6.2 Slow Oscillations of the Centre of Gravity

At instationary longitudinal motion of a glider Wwitonstant angle of attacka 0, according td-.W.
Lancastera so called “pitch-phugoid” develops after dibamce in V and/o#. This usually is a long-
period mode in which the c.g. carries out a ligli@ymped oscillation about its stationary flightipat
involves a slow pitching-oscillation over many seds in which energy is exchanged between vertical
and forward velocity. (The equations of motion njogt provide information on the angle of the elevat
control necessary to maintain a constant anglétacla)

The relations between the weight G sgnthe lift L, the drag D of the plane, and thelglg angled are

to be derived from equations 6.1 and 6.2 of thedslin the directions of the x- and z-axes. Whétinge
o 0 we receive
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mV = X, [AV + X, [AJ (6.2.1)

miV [§=2Z, [AV +Z,[AI (6.2.2)
miA-X -X
0= Y ’ (6.2.3)
-z, mvm-z,

Thereupon the characteristic equation of the pitchgoid can be written in the form

m’ IV [ + (-m[G E'l;inz9+a—D V) + (—a—D [G E‘sin19+a—L[G [¢osf) =0 (6.2.4)
ov ov ov

Since L = L(\f) and D = D(\P), it follows
L/ v=21/V and D/ V=2D/V

and with L = Gcos} , D = Gsind we get

m* IV [ + (-m[G Bing + 2[[G Eind) A +(—5B[32 E‘sinzz9+5[(52 [0S 9) =0

(6.2.5)
Thus finally the characteristic equation can betemiin the form

A+

2
o+ \[/? [cog 9 -sin 9) =0 (6.26)

glsind 2
V

For smaller gliding angles &9 =0.

6.2.a Consequences for the slow c.g.-oscillations

Like for the fast pitching oscillations, the gerataaracteristic equation of the damped c.g.-cstidh is
to be written in the form

W+ 2 b+ =0 6.2.7)

Thereinwy [t'l] is called circular “eigen”-frequency ano[t'l] is the damping constant. Attenuated
oscillation is given for the case wh&r< uy,. Like for the characteristic equation of the faisth
oscillation, then there will exist two solutions and 4

. ) 2 2
34= - fjw with w=a —

This again leads to a damped oscillating distureaGomparison of equation 6.2.7 with equation 6.2.6
yields:

. _glsing

D tant: o= 6.2.8

amping constan >V (6.2.8)

w, = 9 0/2[{cos & - sin? J)

S \%

Eigen”-frequency: tosd (6.2.9)

- 39608
\%
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Thus, damping and “eigen”-frequency only dependhenvelocity V and on the gliding anddeof the
corresponding stationary flight-state. They dodepend on the characteristics of a given glider.

Attenuated C.G.-Oscillation

08

\ \ The left graphic provides a rough idea of the
05 \ \ /\ difference between the fast attenuated pitching-
03 \ \/ \ z oscillations and the slow, damped c.g. oscillations
NN N LSt _ . _
02 \ / VV e The subsequent examples will provide the relations
:0‘5 V/ \ /:;i‘fé?% — as they are observed in flying practice.
° e |

10 T

6.3 Coupled Pitch- and C.g.-Oscillations

In some cases it may be desired to consider thatieqs of motion for a concurrent disturbance in

velocity, gliding angle and angle of attack. Irsthase the characteristic equatiaf J(equation 6.5 and
6.6)) has to be solved. The coupling of fast pitatd slow c.g.-oscillations will cause a certaiift sif

the roots 1 to 4. As before 1:2 may be the roots of the fast pitching-motion agd those of the slow

phugoid-motion. Using the designation of the caéfits of iz as in equation 6.6 the mathematic
evaluation provides following equations for therfooots:

1+ 2=-B-(3+ 4 (6.3.1a)
1 2=C—34-(1+ 2(3+ 4 (6..3.1b)
3 4=E/(1 2 (6.3.1c)
3+ a=-D+(1+ 2 3 4)/ (1 2 (6.3.1d)

For the initial approximation
(s+ 99=0 and e 2%=0

as a first solution is yielded:

(1+ 2™ =8 (6.3.2a)
(r 2% =c (6.3.2h)
(3 9P =E/C (6.3.2.C)

(3+ 9P=(-DC+BE)/C2 (6.3.2.d)

In a second step then the root€o 4 can be determined and the corresponding motiogstiyated.
This will not further be followed up in this contex

For RC-controlled planes it is rather important titne fast pitching-oscillation is sufficiently daed
since otherwise the pilot will not be able to cotrénese disturbances. On the other hand, to dslee
phugoidal oscillations does usually not cause anplpms. According to experience for most standard
gliders the damping of the pitch-disturbances chdhat the flight behaviour after disturbances loan
predicted by means of the separated charactegigtiations of motion for fast pitching-oscillaticarsd
slow phugoidal movement. It may be important tavedhe coupled characteristic equation for “wing
only”-gliders with minor degree of longitudinal @tiuation in order to predict their flight stability
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7. Examples of Proven Gliders

7.1 Assessment of the Mass Moment of Inertia, Jy

According to chapter 3 the mass moment of inestigiven by the equation
‘]y = |Z m |]iz

Inertia forces derive from the attribute of the mtsresist accelerations. The mass of rotational
accelerations is represented by mass moment wigiterms J. The total mass moment of inertiateela
to the rotation of a glider around the lateral ysakrough the c.g., Jy, results from the varioaspof the
glider: the lifting wing, the fuselage, and thd-fzarts (fin and elevator, or V-tail).

An approximate value of,tan be assessed for most gliders according taggheach
2 2 2 2
Jy =My oy + Mg -Fgp + M - e Mg -1y (7.1.1)

Therein n), denotes the mass of the lifting wing,the distance of the c.g. from the mass centrbaeof t
wing, m ¢ the share of the fuselage-mass in front of the g, gthe distance of the c.g. from the mass-
centre in the front of the fuselage; mthe mass of the rear-tube of the fuselage behmd th, f, the

distance of the c.g. from the mass-centre of the-fieselage part, nthe mass of the tail angdthe
distance of the c.g. from the mass-centre of tihe ta

Later on two examples will be given. One of therli bé that of an F3J-glider with 3.7 meter wingspan
and a mass of approximately 2.3 kg. For this madehs theoretically estimated that

my = 1.30 kg, W = 0.03 meter
m¢ ¢ = 0.68 kg, f1= 0.4 meter
m = 0.28 kg, fr=0.7 meter
mt = 0.12 kg, r=1.15 meter

Herewith the mass-moment of inertia was expectdzbtmme
J,=1.30- 0.0 +0.68 0.4 +0.2- 0.7 +0.12- 1.15 kg~ m’
=0.0012 +0.109 +0.098 0.359 kg m?
=0.367 kg m’

We see that the smallest contribution results filoenlifting wing because its mass-centre is rathese
to the c.g., whilst the largest contribution restditom the tail-part which has the lowest mass,tgut
distance from the c.g. is the largest.

Generally, in order to keep the mass-moment otismemall as desired by the damping-requirements, a
standard-gliders the weight of the tail should bptlas low as possible. Each gram saved at thalsail
reduces the balancing-ballast in the nose of thelfige about factor 2 to 3 and correspondingly thiso
mass-moment of inertia of the fuselage-front.

L] As was shown in chapter G, glays an important roll for the attenuation of fast pitching
oscillations, see equation 6.1.35. With increasialge of § in general the sizeffor the momentum arm
r, of the elevator have to be increased to compeffsatd also a certain static stability is require
according to chapter 4, equation 4.1.7., the figiihnce betweenpfand f has to be found.
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7.2 Experimental Determination of the Mass -Moment of Inertia, Jy

. A simple practical method to determine the massaemt of
£ s inertia of any given body is as follows. If a bdike that in
, Ao : . the left graphic is suspended with an axis throfighcan
e = | \ be stimulated to swing around this axis and the firfor
N N one full period of oscillations is given by

| |z "-\ T= sz (7.2.1)

\ Herein J is the mass-moment of inertia relatetthécaxis

Aam b a | through A, z is the distance from the c.g. Accogdio
/,/" o | physical mechanics J can also be described irotine f
/ - '
( ‘ J=Jeg+m-7 (7.2.2)
!
\-\, ..' . . .
B where d 4.is the mass-moment of inertia for the body

related to the axis through the centre of grayityallel to
the axis through A.

Combining the two equations we get

2
Jes :(ZTDTJ [y Z-mE (7.2.3)

w 217T is the oscillation-frequency of this swing of pleitum.

By means of this pendulum-method for a given mgudahe the mass moment of inertjgalound the
lateral y-axis through the c.g. can easily be deirsed.

For example, when the F3J-Model given in secti@was hung up with nose down at the end of the

fuselage it swung with a period-time T = 2.32 sthA4 distance of the swinging-axis from the c.gz, z
1.2 meters, by means of formula 7.2.3 this yields

3= (2.32/29°-2.3-9.81: 1.2-2.3- 1.7 = 0.38 kgn°

The above theoretical estimate of O.367hk2gjiffers not much from the practical result. In arte

determine the appropriate values of the geometniarpeters of the model for proper static stabdity
attenuation of the fast pitching oscillations itsrssagood guide.

7.3 Example of an F3J-Model

The left graphic shows the 3 side-draft

i for a new F3J-model planned by the

= i p—— author. Flight-mechanical characteristics
of the model as given below have been

- ': determined by means of theMFM” -
v o e 410 o ﬂ - program Elight-Mechanics for kght-
= I | M- Modelg which is described in more detall

i on the homepage www.hg-modellflug.de

.. V— _D Major goals for the model were superior

' - sinkrates and gliding-performance at all
flight conditions, as well as proper flight-
stability and manoeuvrability as required
in F3J-contests.

a. Since the lifting wing is mainly responsible foetperformance of a glider-model, major attention

has been turned to its geometric outlay and itsdyeramic characteristics such as lift-efficiendyfoal-
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and induced drag. The airfoils finally chosen &es"HQ/W-2.25/8.5" strait through for the lifting wing,
and the'HQ/W-0/9 for elevator and fin. The distribution of thengichord was chosen such that the lift-
distribution of the model is close to ideal. Acdogito good practical experience, stall problemthat
lifting wing can be handled by appropriate wingtips

b. Usually the selection of distinct
HQ/W-2,25/8,5 dynamic Cl-Cd-Polars of F3J-Model airfoils for a lifting wing is done by a
15 : comparison of the performance of
i plae, 30 /g | —— potentla_l airfoils over t_he pos_5|ble speed
——Re= 200000 | — =N range given by the weight/unit area. For
——Re = 4000001 ////——/’_ . . . . .
1,0 {{ — Re= 800000 manned gliders this at the end is given in

bt

// the form of a quasi-stationary velocity
% / polar. In the first instance it requires that
0.5 for all possible stationary velocities of the

glider the corresponding lift, the airfoil-
and the induced drag must be determined
0.0 for the lifting wing. In the left polar-

0,000 0,005 0,010 0,015 0,020 0,025 0,030 graphic Of thé‘HQ/W-2,25/8,5”'p|’0f”
this particular quasi-stationary polar is
indicated by the red polar curve.

Cl

Other ¢-cg-values then those on the red quasi-stationary padey be reached under instationary flight
conditions, such as given at a fast turn or a Ibogyever, this is of minor importance for the
performance-considerations.

The stationary gliding- and sink-velocities of &gt are given by

szm@§“§=4#2dm§ (7.3.1)

p A ¢ c.

Vv

2 2
v, = [20"8 b o 9 = 40 M mos 5 (73.2)
p A c A c
The corresponding stationary gliding number is gilag

GN.=1/tan?=L/D=c /¢ (7.3.3)

In order to determine the potential performanca given lifting wing with chosen wing-sections the
author usually ascertains the functional dependehtiee wing only sinkrates and gliding numbersegiv

by
SR, =¢,/c, (7.3.4)
G'N'w :CLW/CDW (7'3'5)

If only one airfoil is chosen without twist, likerfthe F3J-model, theng = ay - g, where g denotes
the lift-efficiency-factor of the wing (which carasily be determined by tHeMFM-program) and ds

the lift coefficient of the chosen airfoil. In otheases Gy must be determined by integration which will
not further be explained here (e.g. such a methaatiuded in th&MFM-program).

The drag related to the chosen lifting-coefficisrgults from the properties of the airfoil and frime
free vortices, in total we haveyg = cpp + cpj  Cpp + CLw M.

Correspondingly for the F3J-model under considendttie graphic below reflects the dependence of the
gliding number G.N. and of the sinkrate S.R. onwdlecity, indirectly given by the of the airfoil. In

this chart are also included the G.N.- and S.Rvesufor flap deflection. By means of such a chzet t
optimum ¢-Ccpw-working point can easily be identified either famimum sinking or optimum gliding

as required at slow stationary flying in F3J-cotges
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Gleitzahlen und Sinkraten der Tragflache fur Profil HQ/W-2,25/8,5

Gleitzahl GZ
Sinkrate SR

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 il a2 13

Profilauftriebsbeiwerte ca

For the planned F3J-model the optimum working p@irstround c= 0.9. Next we will see where the c.g.
must be located in order to achieve this workingppahilst flying.

C. Having determined the optimunmg-cpw-working point of the lifting wing for slow perforamce
gliding, next the position of the centre of grawitg. which enables the glider to achieve thesemyh
flight conditions at soaring has to be found. Acling to flight dynamics, withyg denoting the
momentum-coefficient of the fuselage, and assurfiagthe momentum coefficient of the elevator can
be neglected, the longitudinal momentum equatiorie centre of gravity generally yields.

X X 1
i.g. — ’l\\lw +—|c, |ﬁ d’\h = Cyiow ~ Cur (7.3.6.a)
¢ C CLw A C
For the thinner F3J-fuselagegsacan be neglected, thus for zero lift at the elevitturns out
X X C
i:\.g. = 2w _ “Mow (7.3.6.b)
C C C

Lw

In cases like the one being considered where time gaofile is used in all wing sections, the mornent
coefficient g1ow corresponds to that of the profile and the liféfficient gy is given by ¢w =an-ci,

where ¢is the lift coefficient of the profile. For exanepthe coefficients g and ¢ are taken for the
“"HQ/W-2,25/8.5™airfoil from the corresponding-FOIL-polar-diagrams shown below.

In this graphic in particular the quasi-
stationary polars of the coefficients for lift
(thick red curve) and the airfoil
momentum (thick dark blue line) are
given for a wing load of 3.0 kgﬁnBy
means of th&MFM-Program the lift
efficiency-factor of the wing was
calculated to be

ay= 0.897.

21



From the above chart the momentum coefficient spwading to the lift coefficient for optimum
performance, = 0.9 was taken to be

CMow = *0,059

Thus we get

X4 /€= X,,/€~(~0.05¢(0.897(0.9)) = X, /€ +0.072

If no viscous effects would influence the airstreatnthe profile the aerodynamic centre of the wing
would be at 25 % and the c.g. would then be at 32 the MAC. As can be seen in the polar chart,
according to th&-Foil-analyses the lift- and momentum-coefficients fgiveen Reynold-number, e.g.
Re=100000 and Re=400000, do not behave linear, maein the non-criticati-range, but approach
linear performance with increasing Re-numbers.

As already pointed out in chapter 6, due to theous airstream at the airfoil the aerodynamic esotr
the wing shifts away from the ideal 25 % positi@e@ding to formula 6.1.24

The quasi-stationary development of the profilewdgives ¢, o and ¢q as functions of the angle of
attacka is shown in the following graphic. The curves teeed back to the corresponding curves in the

previous graphic. The thinner lines represent #y@eddence of the derivatives on the angle of adadk
the thick red line their ratio.

As mentioned earlier, ¢.q = ay - C,q iN
_HQ/W-2,25/8,5 dynamic Derivatives, 30 a/qdm case of a lifting wing with uniform airfoil.

0,020

Thus with the derivatives taken from the

0ot left chart for ¢=0.9, for the planned F3J-
J\“& model the theoretical aerodynamic centre
5 o4 0010 turns out to be
] 005 / 0,005 X Nw — 1 _ Cm’a
no T T T 0,000 | ——cl’dyn c 4 aw l]:I a
h e = 025-0.065/0.897
-5,0 25 ) 0,0 215 5,0 75 10,0- : = O 178

And consequently the position of the centre of gyashould be chosen at

X, /&=0.17€+0.073=0251

Remarks and comparison to flight experience

This c.g.-position appears to be rather far in frof the lifting wing; however, two aspects have to
be considered:

= First, the chosen working point s 0.9 is rather high but the corresponding c.gll ailow
to achieve all stationary flight conditions for alnaller ¢-values.

L] Secondly, for exemplary reasons the aerodynamifficieats and their derivatives for this

particular F3J-case have been developed by meatteof-Foil-program of Mark Drela which to
some degree seems to overemphasise the viscousaineffects. The Profile-program of

22



Richard Eppler on the other hand appears to undarege them and would have yielded a
position for the aerodynamic centre closer to tharter-point of the MAC.

L] As the long term practical experience of the authith many different models has shown,
in most cases the aerodynamic centre of the liftwirgys is closer to the 25 % position then to that
resulting from the X-Foil-program! But, fortunateip practice a bad position of the c.g. will soon
be found out and corrected.

= As has been shown in previous chapters, the cgjtipo is the point of reference for the
static and dynamic stability of the glider. If therodynamic centre of the wing is assumed too far
in front of the wing and consequently also the it.gay happen that the stability-characteristics
such as the elevator size and the momentum arnbmalkiosen too small. This will further still be
discussed in the next section.

E.g. for a working point|= 0.8 the position of the aerodynamic centre wdulth out to be at
19.4 % and that of the c.g. at 28.2 %, the soagaformance would not much differ.

d. Next step in the design-routine of a plane willalgube to determine the dimensions and
aerodynamic features of the elements for longitaidiight control and stability. For a normal glide
these elements are the rear fuselage-part betenclghand the elevator. (For wing only models &3kl
profiles, sweep, and negative twist of the liftimgng will take over the longitudinal stability futions,
but this case will be discussed in another paper.)

The static stability for sure is most important floe longitudinal flight-stability of a plane, asd out in
chapter 5:

= (Xn—Xcg) !

From many glider constructions the author got #exlback, that the longitudinal stability of F3Xglis
should at least be 0.1:

Consequently we have the requirement for the ebevatd its momentum arm related to the c.g. that
according to chapter 4 they have to be sized satithe aerodynamic centre of the total planelfulfie
requirement

Xv 0.1+ X%g/

In chapter 4 the final equation for the dependeriche aerodynamic centre on the wing- and elevator
characteristics was

OXy _ ala[A/A T,
¢ 1+a @ [h/A ¢

with ay‘ = ay - apw(a) and & =& - an(a).

From the last graphic it can be taken, thatakgerivative of the profile-lift-coefficient for thifting
wing varies betweeg) g = 0.08 grad for the chosen working point s 0.9 andC o = 0,13 grad for low
speed, while at medium angles of attack (1° - ¥Shows values aboufg= 0.104 grad. In the

calculations here must be transformed to rad-units, ergo:
458< Cgq <7.44 rad

Since @ = G o/2m, correspondingly we receive

0.73< ayw < 1.19,
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For the range of more dynamic soaring & 6 grad" which is not far from the ideaf®value and gw=1.
As we have seen earlier in this chapter, the fiitiency-factor of the chosen wingform ig, & 0.897,
and according to experience the lift-efficiencyttd elevator is assumed to be abgut 8.75.

The major working-conditions of the elevator arewxero lift. The XFoil-analyses of suitable airfoils
for the elevator tell us, that for the lift rangietioe elevator gh= 1,2.

Based on these data and on a first crude estim&g=A0.1 for the ratio of the areas of elevator and
lifting wing, and the simplification that approxitedy mnh= r, we receive

0.056-r,/ <Xy/ < 0.088-r,/

Taking the c.g. as found for the working pointd.9, namelyX¢ g/ =0.251, on the other hand side we
have Xy/ =0.15+0.251 = 0.4. Consequently the range fontbenentum-armyis found to be

6.3 rm/ 4.0,

e. In section 6.1.d it was derived that the attenuationstand of fast pitching-oscillations is
affected by various parameters as finally giveadnmations 6.1.34/35, written in a more practioafrf
we get

- q m[éz écm,a + Cm,wy)
2V J

y
2 2
= PVIRE L oo ofh e e 9%
4 J, A C da

First we see that the damping of the oscillationsdases with the soaring velocity V. Thus, minor
influences due to inviscous airfoil effects whiak aeflected by the factorg@aand an are generally
overwhelmed with increasing velocity.

0=

Secondly, for a given wing the major parametersvhich attenuation can be influenced are the mass-
moment of inertiaJand size A, shape (factor, and momentum arnp of the elevator.

For a lifting wing thea-derivative of the downwash far behind the wingiieen by o/ o = Aay" Nw.
Thus, it decreases with the aspect-ratjpof the lifting wing. With data given earlier tlederivative for

the planned F3J-Glider ranges according to &.4%," / Aw < 0.25 and cannot be influenced by the
elevator characteristics.

Consequently the only remaining design-elemenpfoper damping of disturbances is the ratio ofcthe
derivative and the mass-moment of Inertia

Cnes -~ L g P o
-2
J J 2, A ¢

y y

From practical experience with various F3J-modats analyses of successful other F3J-models the
author has found that appropriate dynamic damgraghieved when this ratio ranges within -30 ta -40

As was laid out in section 7.1, for a lower-wei§3-model the mass-moment of inertia is aroyv J
0.4 kgm?. However, when a model is being build it may galsidppen that the weight of the tail gets
higher than desired and, since the mass of thedatfibutes most tg,Ja minor damping than planned
will appear. Thus, in order to be on the safe smecerning dynamic longitudinal damping, it mayeoft
be better to assume thgt=J0.5. Since damping increases with flight-velocihg viscous airstream-
effects at the elevator are in fact only importantflight-conditions near the working point= 0.9.

Assuming for the planned F3J-model as before that@&75, gnh = 1.2, A/A = 0.1, and Y= 0.367 we
yield the requirement

38<r,/€<51
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f. For the F3J-model shown above the following modgebmeters were chosen:

Mean chord

Lifting-area of the wing
Aspect ratio of the wing
Lift-efficiency of the wing
Airfoil of the wing

Mean chord of the elevator
Lifting-area of the elevator

Lift-efficiency of the elevator

Airfoil of the elevator

= 209.54 mm
_ 2
A= 0.704'm
A= 17.41
a= 0.897

HQ/W-2,25/8,5
h= 101.5mm
#= 0.065 m2
= 0.76

HQ/W-0/9

For the most important flight state around the ehosorking point .= 0.9 we assume

Airfoil efficiency-factor

Further

Mass moment of inertia

gh < 1.2 (at zero elevator lift)

2
yF 0.367 kg m

There from dynamic stability is calculated to be:

Dynamic stability measure moy/ Jy = -33.9

This is well within the required stability range.

Taking into account the viscous effects of thetegeam around the lifting wing<tFOIL-analysis), above

we had found that in order to achieve the worljogt conditions around & 0.9 the position of the
centre of gravity should be chosen at

|Centre of gravity 0.251

X.g./ =

Then the length of the momentum arm between cdjttamaerodynamic centre of the elevator becomes

|Length of momentum arm hE  1.025 ri1

Sufficient static longitudinal flight-stability mube given. As shown before, the overall aerodyeami
centre of the model is determined by the formula

OXy . ala[A/A T,
¢ 1+a @ [h/A ¢

With aph = 1.2, gw < 1.2, and ff = ryn we get

Aerodynamic centre of glider pX = 0.251 + 0.159 =0.41

And finally the static longitudinal stability-meagufor the chosen position of the c.g. correspamdtin
the working point c= 0.9 turns out to be
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Static stability 0= (Xn-Xcg) =0.16 |

According to experience this would be quite a gstadility-value for an F3J-Model.

Following also the results of the usual conventlaran-viscous calculations of the stability valaes
presented for comparison:

Aerodynamic centre of the wing nf =0.25
Zero momentum coefficient of the wingyoe -0.08

Centre of gravity Xc.g.! = —Cmo/cLw(opt) = 0.08/(0.8970.9 )= 0.0991

Xc.q./ =0.25+0.099 = 0.349

Length of momentum arm = 1.004

Aerodynamic centre of the glider NX =0.25 + 0.284 =0.534

Static stability g = Xn-Xg)_=0.19 |

A comparison shows that the calculation of theiststability-measure found by consideration of vise
airstream effects as they result from the X-FOIlbfie-analysis yields a value close to that of tioa-

viscous stability-consideration. In principle thésdue to the nearly equal shift of, 4nd X g towards

the leading edge of the lifting wing as a resulthaf viscous airstream-effects on theand ¢
derivatives as predicted by the X-Foil-program.

But: After all the experience the author has gained iesigning and RC-flying of many different
glider-models in over 30 years, it was never fouthdt for a model like the one under consideration
with a cambered airfoil like the “HQ/W-2.25/8.5” #h c.g. should be that close at the quarter-point of
the MAC for the optimum working-point (= 0.9) as it turns out by means of the X-Foil piief
analysis. On the contrary, in flight practice theg. was always found to be close to the one catad
for the optimum working-point by means of the nofseous approach as given above. This is why the
author prefers the PROFILE-program of Prof. Richar&ppler over X-FOIL, at least for calculations
of flight stability. Calculation of the c.g. and ability-measures never failed when based on the
PROFILE-analysis while X-FOIL always predicts a c.¢po far towards the front of the planes.

One major conclusion to be drawn may be that th@file-analyses as conducted by the X-FOIL-
routines obviously overemphasize the viscous effegtd thus predict rather strong deviations of the
derivatives for the lift and momentum-coefficientiom the ideal non-viscous slopes, in particularrfo
low Re-numbers. A profound revision of the partsthe program with respect of the influence of
viscous effects would for sure be most apprecidigdall modellers!

g. Finally it will be of interest to which degree fgstching-oscillations of the planned F3J-glider
will be attenuated by the flight-mechanical chaggstics calculated before. Having in mind what was

said before about the viscous airstream-effectsfutther calculations will use the non-viscousrapgh.
In chapter 6.1.d we had shown that a disturbantkeofingle of attack is described by equation 8.1.3

Z(t) = Z(t,) (B [Cos@( + §)

. 2 2 .
WhereinW= & —  can be calculated according to

_ 1 Xc.g.—XNW_ _aaw X A

of = 3 [Eznmw - a aa)u?nmh E% EﬁA E%juqmté
_n ) oa,

5——2Jy (@&, CA, O [+ aa)Ebm/
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Assuming that @ = a, =0.76, & = ay = 0.897, and aw/ a =44y /Aw= 0.2,p = 1.25 kg/m we get
“Eigen”-frequency of pitch-oscillations wp = 0.53- V [s'l]

Damping constant of pitch-oscillations = 0.27-V [s'l]

2 212 _

Frequency of pitch-oscillations W= (y )" "=0.46-V [s-l]

Oscillation-frequency and attenuation increase witheasing speed, thus the worst flight-state
concerning damping of pitch-disturbances is givantlie state related to the working-point where the
flight-velocity is at its minimum

1/2

Velocity at optimum working-point V =4- ((m/A)/(ayca0.9)) “=7.7 m/s
Here we havey, = 4.08 &', 5= 2.08 §, w=3.54 &
For the slow c.g.-oscillations it was shown in dea®.2.a that
enuated Oscillation of an -Model for V=7.7 m s @ [C0529
At ted Oscillati f an F3J-Model for V=7.7 m/ a)oc.g.:\/é
lvo N - | V
* [sind
05 7? ch = 97
\\ \V // \\ o
€ 40 Withd =2.7°and V =7.7 m/s
) 03 \)< / i I \ €920 — 1
o5 / \ :c,g,fe(-dt) L O‘b,c.g.: 1.80 é y
—p‘i(c‘h:Z(T)
08 / \ / \ —piif‘re ::)1() — -1
—;Z//—’—’L‘—pi(cr;; —e(-dt) c.g =0.030s
: Wg =1.808

The attached graphic shows, that already aftepenied the pitching-oscillations come to rest dmal t
glider finds back to the stationary flight state.léw flight-velocity the slow c.g.-oscillations tiie F3J-
Model are only moderately damped. However, in tliglactice these long c.g.-oscillations are usuadiy
a problem; most pilots intuitively correct them kwthe elevator-control of the RC-transmitter.

Attenuated Oscillation of an F3J-Model for V=15 m/s With increasing fIight-veIocity also the
o w ] gliding-angle decreases. As can easily be
08 taken from the above formulae, the
0s \ dampening constant gdecreases
03 slightly with increasing V an@, while
£ 0o I I | the oscillation frequency decreases.
RN 7 :
o / \ A== For example in the left hand side graphic
0s / \ / s | the pitch and c.g.-osciIIaEions are given
08 J_;:::Z::((md:) — for V=15 m/s and = 3.8°.

-1,0
t

Velocity-Polar und Gliding-Nnumbers of an F3J-Model

0 5 10 15 20

0,0 0

Finally the left graphic provides the
theoretical performance parameters of the
complete F3J-model for its expected

10 operational flight range under inclusion

of all sorts of drag related to the model.
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Vz [m/s]
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7.4 Example of a functional Soaring Model, “DIAMANT PLUS”

Below is given the 3 side view of the , a functional glider model of the author for thatm

and alpine slope soaring and model trekking, desigand built in 2005/06. The model is equipped with
an electric motor, used for launching and/or asrgamy return aid in the mountains.

This model is a further development of a similardelonvhich was first launched in the early eighties.

From the original the

B 5 fuselage was taken over for
= 3 practical reasons und thus the
momentum-arm of the model was
predetermined. In our home-page
www.hg-modellflug.deone can

find all details about the design
aspects for the new development.

The airfoil chosen for the lifting
wing is theHQ/W-3.5/13straight

Gleitzahl GZ

from the wing root till the ends of
Gleitzahlen und Sinkraten der Tragfliche des Diamant Plus the ailerons. From there towards
010 the tips of the wing the sections
were lofted to thé1Q/Winglet
008 airfoil and twisted by about -0.7°
T in order to achieve good-natured
oncr a0 stall behaviour. As can be seen in
TaneEas 0% the graphic, the model is equipped
' with flaps and flapperons which
allow to deflect the wing-sections
as desired for any flight state from
very slow to very high. By means
of the left graphic showing gliding
numbers and sinkrates for the
o0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 Ilftlng Wlng Of the “Dlamant PIUS"
Auftriebsbeiwerte CA des Tragfliigels including induced drag, the
aerodynamic working point was

Sinkrate SR

—e—dyn SR, Eta= 0°

—e—dyn SR, Eta = +3°
0,04

chosento be aj& 1.2.

The geometric and aerodynamic characteristics ({tztkd by th&=MFM-program) of the model relevant
for the calculation of the longitudinal flight-sifity are subsequently summarized:

Total mass of the model m 8Kkg

Mean chord of the wing = 203.6 mm
Lifting area of the wing A= 09162°m
Load /unit-area m/A: 8.8 kg/n%
Aspect-ratio of the wing A= 221
Lift-efficiency of the wing a= 0924

Momentum-coefficient (€1.2) auo = -0.135 (including a share of the fuselage)

28



The centre of gravity for the chosen optimum wogkpoint results to be at
Centre of gravity Xc.g. = Mw -Ccmol/( anva) -
=0.0682 mm + 0.120.2036 mm = 93.0 mm

Here from the minimum possible flight-velocity tsrout to become

Velocity for the working point & 4-((m/A)/(aN-C|(1.2))l/2: 11.3m/s
Based on the fuselage-dimensions of the old a close estimate for the length of the momentum-

arm between the c.g. and the approximate posifidinecaerodynamic centre of the elevator then is

Length of momentum-arm hkE 1080 mm

Using a weight-pendant for the expected elevatssnrathe position of the elevator, by means of the
pendulum-method the mass-moment of inertia fofilselage-elevator-combination related to the

expected c.g. was experimentally determined tqfe 1.38 kgmz. The mass-centre of the wing turned
out to be very close to the middle of the mean d¢hand related to the c.g. it was calculated talmut

Jyw = 4.066 0.026 = 0.106 kgnz. Thus, the total mass-moment of inertia was exquketti become

‘Mass moment of inertia yF 1.49kg m2|

From the formula for the ratio of the g-derivateed the mass-moment of inertia

2
S =~ L rprrm,
3, At

Jy
it can be taken that size,Aand shapepeof the elevator are the only parameters left éjustment of the
necessary dynamic longitudinal stability-measg,@Jy, since in particular the contribution of the
elevator to the mass-moment of inertia growth i length of the momentum-arm accordingyp~J
mp, - rhz. Because of the generally higher flight veloafyheavier models different from low-weight
models like such for F3J-puroses a ratio@fg/Jy = 10 already will provide sufficient attenuationfabt

pitching-oscillations after disturbances as willd®wn later on. In order to achieve good lift-@#ncy a
double tapered elevator-shape was chosen andyfihallelevator-characteristics became

Mean elevator-chord h= 124.6 mm
Lifting-area of elevator A= 0.0885 rﬁ
Aspect ratio of elevator Ah= 57

Lift efficiency of elevator g= 0.76
Pitching-attenuation mey/y= 8.7

In order to find out which static stability will salt from the chosen elevator-characteristics, tiext
position of the overall aerodynamic centre of thdey is to be determined by means of the formula

AXy - a,la[A/A 1
¢ 1+a @ A /A C

By means of th&MFM-program the position of the aerodynamic centrineflifting wing was found to
be at yw/ = 0.335, and with the characteristic values givefore we get

Aerodynamic centre of glider X = 0.335+ 0.333 = 0.6675
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The static longitudinal stability-measure for th®sen c.g. corresponding to the working pojrt &.2
turns out to be

Static stability 0=( Xn- Xg)/ =0.333- 0.122 = 0.211]!

This is a profound measure for the longitudinab#ity of a model!
Finally the oscillatory behaviour of the glidereaftisturbances is of interest.

For the fast pitching oscillations an appropriatdification of equations 6.1.35 and 6.1.37 for non-
viscous treatment provides

— _i Xc.g._XNw_ _% h
W ~\/ : [ﬁZﬂ@WA -7 )Qﬂ@hE%%JEgDA[&,W

° ¢

y
_n 2 4la,
0= 5y B NI L= B o

Taking into account the foregoing characteristitiga of the model we receive
“Eigen”-frequency of pitch-oscillationswy, = 0.944- V [s'l]
Damping-constant of pitch-oscillations é = 0.121- V [s'l]
112 _

Frequency of pitch-oscillations w= (obz - 62) =0.936' vV [s'l]

For the minimum velocity \&# 11.3 m/s at the chosen optimum working conditiofihe ,
namely ¢= 1.2, we gety, = 10.67 &, =1.36 &, w=10.58 &

Accordingly withd = 1.79° for the slow c.g.-oscillations at the optimworking point ¢= 1.2 we have
Wocg=1.227§,8cq =001368, wg=1.227§"

Attenuated Oscillation of "Diamant Plus" for V=11,3 m/s .

Lo Here we have the typical

' behaviour of a model with a rather
08 V 7? high mass-moment of inertia.

0s While for the previous lower-

weight F3J-model the fast
03 \ m / pitching-oscillations already came
\ ) I I | to rest after about one cycle, here it

z()

0,0

I \/)\(/ /4 5 7 takes about 3 cycles.
-0,3 l // \ / —c.g.:Z() T
0s e — As to be expected, the attenuation
y/ / —— piteh: Z(1) of the slow c.g.-oscillations is of
0.8 — pitch: e(-dt) [—— .
e ety the same order of magnitude.
A T

-1,0

Although the attenuation of the pitch oscillatiggpeaars to be lower boarder, extensive flight pcacti
with the over a full season on flat fields and in the moingdave proven that this in no

way is insufficient.

Without further explanations in the last graphie fhast pitch and slow c.g.-oscillations and their
attenuation after disturbances are given as théappear at higher flight-velocity:
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Attenuated Oscillation of "Diamant Plus" for V=37.5 m/s

1,0

0,8
\ As we see, the fast pitching-
05 \ oscillations very soon come to rest,
03 [ whilst the c.g.-oscillations take a
= \,\ long time and can easily be
DR 11/ | | balanced out by RC-control.
03 —c.g-: Z(t)
——c.g.: e(-dt)
-0,5 ——c.g.oe(d) [ |

—— pitch: Z(T)
-0,8 ——pitch: e(-dt) [——
—— pitch: -e(-dt)

-1,0

Themajor conclusionswhich can be drawn from this example for gliderdeils with higher mass-load
are

= The mass-moment of inertia should be kept as lgwosasible in order to achieve the best possible
dynamic longitudinal stability, in particular thisold true for acrobatic-gliders,

= As pointed out repeatedly, the weight of the mtadleshould be kept as low as possible, because the
tail has the largest distance of all parts to thg.@nd thus contributes most to the mass-moment of
inertia,

= For scale-gliders the size and the shape of theagbes are given by the original. It often happethst
these elevator-proportions are not sufficient fastable flight-behaviour since they do not proviide
required contribution at model-scale. In those cai$enay not disturb the scale impression when the
span-width of the model is increased by 10 to 15 %.

= At functional models with higher load the dynantabdgity can be influenced by the length of the
momentum-arm as well as by shape and size of ¢lvatel. While designing such a model it has
always to be kept in mind that attenuation by tleeator is counterbalanced by its mass moment of
inertia!

8. Final Recommendations

Whilst the longitudinal stability behaviour oft thé&oveF3J- and “ -examples was

determined, it was already indicated how this cduddt be performed. Concluding, recommendations
will be given for a more universal proceeding & tlesign of a plane with required longitudinal giiyb
behaviour.

> Design of a functional plane

1. When designing a new functional model as for F3s®a, acrobatic flying, or free just-for-fun-
flying, the first step should be to determine tivaehsions and shape for the lifting wing.
Thereat usually major attention should be paid goed lift-efficiency of the wing, expressed
by the shapefactopaE.g. this efficiency can exactly be calculatedhsans of th&MFM -
program of the author, for a quasi-elliptical wisigape it is approximately given by
consideration of the aspect ratia; =aAw/(2+ (AW2 + 4))1/2.

2. In a second step the quasi-stationasggepolar corresponding to the expected wing-load m/A
of the plane should be determined for the airfbihe lifting wing. From these polars the
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corresponding quasi-stationary sinkrates aridreratios for the lifting wing can be developed
as functions of ¢ where ¢ should include the airfoil- and the induced drathe wing. As

shown for the examples above, from these curvesgtimum ¢-working-point can be
determined either for best gliding-angle or minimsimkrate.

. In a third step the position for the centre of grae.g. should be fixed according to equation
7.3.6 in section 7.3.c. Here the problem appeatsttie position of the aerodynamic centre of
the wing Xyw is affected by viscous airstream influences dralifd momentum of the chosen
airfoils, in particular at lower Re-numbers. Asalissed earlier, if these effects are determined
by X-FOIL-analyses of the wing-sections the calculated posdf Xy does not well coincide
with practical experience, while tiRROFILEprogram supplies reliable results which are
close to the quarter-point of the MAC. For normiaines with sufficient accuracy the c.g. can
be chosen according ta.yf = 0.25-cmo/cLw(opt). This c.g. choice also leaves room for
flight states with non-zero lift at the elevatodan particular for the up and down deflection of
flaps.

. In a fourth step, next the value for the statibiity measures = (Xn —Xc.g)/ needs to be
chosen. This measure is often also given in peagestof the MAC. According to experience
lower weight models will already fly quite stablélwl10 % stability, however, models with
higher weight should better have 15 - 20 % staé#biblty or even more. With chosenand
Xc.g.the necessary position of the overall aerodynamntre X for the required static
stability follows. Then, by means of equation 4ahd under the assumption that a an, ay
= ay , and yh = rp an idea for the sizefof the elevator and its momentum agcan be
developed as shown in the examples. For aerodynaasons, namely in order to keep the
drag of the elevator as low as possible, it magdgsable to choose the elevator argaas
small as the aerodynamic characteristics of theatdbe-airfoil allow and to compensate this
with a longer momentum arm. E.g. for larger F3J-atedy/A = 0.09 would be sufficient in
order to achieve appropriate aerodynamic elevadopmance with the airfoHQ/W-0/9

. In the fifths step at least a rough idea shouldéeeloped for the mass-moments of inerjia J
related to the c.g., in particular also for thattaf tail part which contributes most to the

overall value according tqdj ~ Mgjl - rta”z. It cannot be repeated often enough, the weight of
the tail and the rear part of the fuselage shoeld$low as possible in order to achieve good
dynamic longitudinal stability.

. Once the c.g. and the overall aerodynamic centraré defined by the choice of the elevator
dimensions gAp and its distance,ifrom the c.g., then with the estimated mass-moroént
inertia J the attenuation of disturbances of the angletathf gliding angle and velocity are
also determined. A closer look to the formulastfar attenuated fast pitch oscillations
appearing after disturbance of the angle of attelt& us that both the pitching-moment g, ~
An -y~ and the major contribution to the mass-momenneitia J, = mp - rh2 depend on the

second power ofyr. Consequently the major contributions to theratédion coefficient of the
fast pitching-oscillations result from size and makthe elevator and changes proportionally
to the flying velocity according to

~Ah/m1.v

This again demonstrates how important the weiftieelevator (and that of fin and rear
fuselage as well) is for fast damping of pitchtalibances.Here from the author’s preference
for light-weight V-tails originate} Accordingly the frequency of the fast pitchingedlations
is mainly determined by

““m Yr, v

The frequency of the fast pitching oscillationsrgmses with the square-root of the elevator
size and with the velocity while it decreases wlith square-roots of the tail-weight and the
elevator-momentum-arm. Thus, as already requedther reasons before, a smaller elevator
and a longer momentum arm as required for ottesames before will help to keep the
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oscillation-frequency low. Although a higher taieight would reduce the oscillation-
frequency, for reasons mentioned before, lowvtailght is to be preferred.

Design of a Scale-Model

1.

When designing a scale-model, the first step shbeltb determine the dimensions and shape
for the lifting wing and the elevator from the cesponding data of the original. There from the
lift-efficiency-factors @ and @ are to be determined. E.qg. this efficiency can gyde

calculated by means of tiMFM -program of the author, for a quasi-elliptical wisigape

(which is applied for almost all modern gliders@ytcan approximately be calculated by means

of the aspect ratios:ya Aw/(2+ (AW2 + 4))1/2 and @ = An/(2+ (Ah2 + 4))1/2.

In a second step like for the functional planesghasi-stationaryeq-polar corresponding to
the expected wing-load m/A should be determinedHerairfoil of the lifting wing. From these

polars the corresponding quasi-stationary sinkraelsg /cp-ratios for the lifting wing can be
developed as functions of evhere ¢ should include the airfoil- and the induced drathe

wing. As shown for the examples above, from thesees the optimum evorking-point can
be determined either for best gliding-angle or mimin sinkrate of the scale-plane.

In a third step the position for the centre of graXc g should be determined according to
equation 7.3.6 in section 7.3.c. As discussedaxddr the functional models, here the problem
may appear that the position of the aerodynamitreaf the wing X is affected by viscous
airstream influences on lift and momentum of thesem airfoils, in particular at lower Re-
numbers. But in general for normal planes withisight accuracy the c.g. can be chosen
according to X4/ = 0.25-cmo/cLw(opt). Again as before this c.g. choice also leawvesn for
flight states with non-zero lift at the elevatodan particular for the up and down deflection of
flaps.

As soon as the position of the c.g. is determitteglJength of the momentum-arm(the

distance of the aerodynamic centre of the elevfabon the c.g.) can be determined, and based
on the geometric data of the model and the wingedehtor efficiencies,gand @, the

position of the overall aerodynamic centre of tbalesmodel can be found by means of
equation 4.1.17, and finally the static stabilitganureo. If the static stability of a larger scale-
glider should turn out to be < 0.15 then the stall behaviour of the model atvsdoaring may
become critical. In such cases an enlargementoélvator-span should be considered, since
this would not harm the scale impression and wbeldhe easiest way to improve the static
stability. Unfortunately the static stability of @timer-glider often also suffers from too short
distances of the elevator from the c.g., in thesses it may be advisable to also lengthen a bit
the rear fuselage-part.

In the further step at least a rough idea shouldeweloped for the mass-moments of inergia J
related to the c.g., in particular also for thattaf tail parts which contribute most to the
overall value according tq.dj ~ Mgjl - rh2. The weight of the tail and the rear part of the
fuselage should be as low as possible in ordech@ae good dynamic longitudinal stability.

In particular larger scale models often carry aofoinnecessary weight along in their tail parts.
E.g. since large scale-gliders offer much spadkérfin, often heavy, strong servos are
mounted therein.

Once the c.g. is defined, then with the estimatadstmoment of inertig, dhe attenuation of
disturbances of the angle of attack, gliding argld velocity can be derived and it can be seen
which dynamic stability behaviour the scale modalrdevelop for certain flight-conditions.
However, there is no further parameter to be fdunthese considerations which could be
changed to influence the dynamic flight behaviour.
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