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FLUTTER ANALYSIS OF A GLIDER MADE OF SYNTHETIC MATERIALS

P.C. Hensing
Delft Technical University

1. Introduction /3%

To ald in fthe certificatlion of a gllder, there are a
number of requirements concerning, among other things, flutter
behavior. The RLD-regulations require nonconstraint of
flutter only up to 1.2 Vb. In practice, 1t was formerly
sufficient when a number of rigidity criteria were satisfiled.
These criteria for rigldlity are derived from empirical
formulas and are reliable for glliders for which conventlonal
constructions and materlals are used. For the class of
gliders now being developed, of which the "Standard Cirrus"
is one, however, not only are other constructlon types and
modern materials used, but at the same time a considerable
improvement in performance has been made, among other things
by the application of greater wing thinnesses. This all has
a great influenc# on the flutter behavior, and it will be
evident from what follows that the satisfying of rigidity
criterla offers no guarantee of, for example, nonconstraint
features of flubter. The first "Standard Cirrus,'" which was
developed by the Amsterdam Glider Club (AGC) was one of the
first gliders made of synthetic materilals to be presented
for certification in the Netherlands. It 1s, therefore,
also clear that the RLD would not proceed to certification
without further investigation.

Because the German authorities for alrworthiness had

‘adopted a more flexible attitude, the situation arose in

which the "Standard Cirrus" had no certificate of alr-
worthiness in Germany or in the Netherlands. Because it was
not attractive to the German manufacturer, from the viewpoint

¥Numbers in the margin indicate pagination in the foreign text.
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of economy, to do a complete flutter investigation and
because this economle aspect is also important for other
foreign manufacturers, this would mean that the Dutch glider
clubs could no longer pursue a course of furlous development.

In order to break this Impasse, an Investigation of the
vibration and flutter behavior of the "Standard Cirrus" was
conducted, in consultation wlth the RLD, by the Under-
department of Alrcraft Constructlon at DPelft TU. For this
purpose, steady vibration tests were carried out on the AGC's
equlipment, which were uwad as a check of the calculated model.
Then the tall vibration and flutter calculations were worked
out on the IBM 360-65 computer at Delft TU. The unstationary
air forces for the T-tail were calculated by the NLR. /4

Next, the direct determination of flutter behavior of
the "Standard Cirrus" was attempted after seeing how far the
results found are applicable to other gliders made of syn-
thetic materials and 1f a simple method existed for making
guantitative predlctions on this subject.

2. Brief Description of the "Standard Cirrus"

The construction of the "Standard Cirrus," a glider of
the standard class, is buillt almost entirely out of
strengthened synthetic material. The wing was formed by
means of a sandwich shell, consisting of two laminates of
glass—~fiber-reinforced synthetlc resin and a core of s¢lid foam.
The bending rigldity was strengthened by means of a rib, which
was up to'36% of the wing chord. This rib consists of a wooden
bddypiece and couplings of glass rovings. The ailerons are not
balanced. They are driven in by means of bars, which are laid ' &
In Teflon boxes. The rudders are each driven at one point into
the end closest to the fuselage. The rudder chord is 23% of
the wing chord. o
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The ballast tanks, each holding 30 liters, are found in
the wing. These tankp are integrated into the wing construc-
tion and are found between the wirng nose and the rib and are
closed with two end-ribs. i

The fuselage consists of a skin of glass-flber-~reinforced
synthetic resin, strengthened with foam frames. The tall is
made like a T-tail, wherehy the horizontal tall surface acts
as a shuttle rudder. Tpils is almost completely balanced,
while the direction rudder is fully balanced. The operation
of the helght rudder 1s separate, l.e. by rods, while the
direction rudder mechanism from the service pedals to the
rear of the cockpit consists of cables, from which the rods
pass.

Figure 1 glves a sketc¢h of the "Standard Cirrus"; in
Table 1, a number of technical data are also mentioned.

3. Separation into Two Partial Systems: The Wing and the
Rear Fuselage with the Tail Surfaces

For purposes of a simple description and to acquire a
better overview, two separate systems are conslidered, namely
the system in which the wing is flexible and the rest of the
glider infinitely ripid, and the system in which the rear
fuselage and the taill surfaces are flexible and the wing and
front fuselage are infinitely rigid,

Because the amount of inertla as well as the alr forces
upon the wing are of an order greater than those on the tail
suffaces,-an interaction of both systems does not lie at
hand, so that this approximation appears Justified.

i . e e e . e
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. The Wing

4,l. Steady Vibration Investigation for the Wing

The quantitles and basis upon which the flutter calcula-
tions are made (vibration eigen models and eigen frequencies
in still air and the generalized masses) are determined for
the purpose of the vibration calculations., These vibration
calculations are made on the hasis of an approximated mass
and rigidity distribution.

In order to test the exactness of these approximations,
the symmetrie vibrations are calculated, moreover, for the
case in which the fuselage is consldered unstressed. At the
same tlime, steady vibration measurements are made for this
configuration. The comparlson of the calculation and the
experiment gilves good agreement, so that there is no doubt ﬁ
of the reliability of the output data. '

The determination of the alleron's moment of lnertla
deserves separate mention. It 1s obvious that this quantity
plays an important role in the mechanism of flutter. The
moment of inertia of the control system musi also be con-
sldered in the aileron moment of irartia.  Also herewith is
derived a determination of the mass distribution and of the
displacements of the various parts which is as exact as
possible. The results of the experimental calculation of
this quantity for the purpose of a vibration test must be

. e

viewed with proper suspicion, because the dry friectlion which
1s present in the control circult makes the eigen frequency Lg
dependent on the thrust amplitude..

The vibration calculations for the free {(not unstressed)
glider are made for both symmetric and time~symmetric vibra-
tion models. The results are reproduced in Figs. 2 and 3.
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4,2, Discussion of the Skteady Vibration Behavior of the Wing

Flgures 2 and 3 give the amplitudes for an average number
of wings for differeant elgen vibration models. To distinguish
positive and negative amplitudes, crosshatching and blackenlng
are used as indlcations.

In studylng the results of the steady vibration investiga-
tion, the large difference between the bending and torsion
frequencies attracts one's attention, while the mass coupling
between the bending and torsion is slight. Thus, the filrst
three symmetric eigen vibration models practically alone make
up the bending (the fundamental and the second overtone of
symmetric bending), while %“he fourth eigen vibration practically
alone makes up the torsion.

For the asymmetrlec elgen vibration models, it is felv
that the first two elgen vibration models can be described
practically alone by the fundamental and the first overtone
of ‘asymmetric bending, while the third eigen vibration

model 1s ldentical with the fourth symmetric elgen vibration

model and comprises torsion principally. This steady vibra-
tlon behavior is characteristic of the modern class of
gliders made of synthetlcs and is determined for flutter
behavior,

The presence of water ballast appears to have hardly any
effect on the eigen vibration models. In the flutter calcula-
tion, it will always come from the eigen vibration models
of the configuration without ballast. The eigen frequencies
and the generalized masses have values which are quite deviant
for the configuration with ballast.

The generallzed masses can be calculated from the eigen
vibration models found and the estimated mass data (see Figs.

2 and 3 and Table 2).

a#
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Y.3, Tlutter Calculation for the Wing /7

The flutter equatlons were derlved in the usual way. by the
Raylelgh~Ritz method. Herewlth the transformation constructed was
considered from a number of assumed transformation functions; thus:

n
ly,t) = i£|’¢i(Y3 gy (e

Here ¢i(y) are the transformation functions and qi(t) the (time-

dependent) mixed factors, with géneralized coordinates assumed.

For these transformation functlons, the calculated orthogonal
vibration models were assumed, completed with the "rigid body modes"
of Interest here and egually the rudder motion (see Table U).

The flutter egquations are therefore°
n ’ " 2 ] B 2 ‘Z‘ i | ‘
.E_ Uij qj + \Ji (ng)biiqi -\ ]ul L ]q ( - 1, canyp D)
Here the generaliized masses are:
e b l
TR I $36; mly) dy
) [+)

and L the generallzed alr forces. g 1s a fletltious damping, .

12
which must be added in order to make the harmonic system vibrate
(in the fipgures, the letter h is used for this.)

The present structural damping was neglected in ths calcula-
tions. The generallized alr forces were calculated by means of
the well-known strip theory for an incompressible, frictionless
flow., H is:

Lo, = L, D0y, @y, BBy, B0,y oy hB+L ph+L ﬂ+Li Ro

ij ij i} ii i 1J ij ij ij j
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Here, this 1s:

The functlons ka,_kb, k

from references 2 and 3.
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half-span

vertlcal translation of the quarter-chéord point for
the 1-th transformation function

rotation about the quarter-chord line for the 1-th
transformation function

rudder angle for the i-th transformation functilon

Degseription of the Flutter Behavior of the Wing

For the calculation of the symmetrlc behavior, it 1s derived

from the vibration models 2 through 5, and at the same time a

"piglid body mode" was taken for the calculation, l.e. the vertilcal

translation of the fuselage. Figures 4 and 5 show the course of
the damping and the eigen frequency, respectlvely, with the speed
for the various eilgen vibration models. The samping of branch 4

appears to change slgns at 117 @/sec, and this branch 1ls ftherefore
flutter-prone,

In considering the vibration models, flutfer ap-

pears to develop through the interactlion of the second bending
vibrations and the first torslon vibration. The eigen vibration
model belonging to branch 5 at v=0 was characterized by torslon,
while branches 2, 3, and 4 were characterized by the first, sec-
ond and third vibration models of bending, respectively. From

*70 m/sec, branch Y was, through interaction with branch 5, char-

acterized by torsion, so that the flutter type at 117 m/sec can
be characterized as bending-torsion flutter. The speed at which
this appears 1s considerably higher than 1,2 VD(see Table 1), so
that there i1s, in the symmetric case, a considerable margin of
safety, as far as wing flutter i1s concernec.. The presence of
water ballast hardly appears to introduce any danger of flutter,
50 that in the following, considerable attention will be glven
especlally to asymmetrical flutter behavior,

The antisymmetric flutter calculations were done for a sys-

tem with 5 degrees of freedom, i.e., the rolling motion of the
fuselage, the aileron ocutput, and the vibration models 8 through

10, Trom Figures 6 and 7, 1t appears that two potential flutter

8
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possibllities are present, 1.e, branches 8 and 9. This leads here-
oy to an interactlon of the first and second bending-rudder vibrations,

In the asymmetric case, the alleron frequency appears to in-
crease practlically linearly from 0 cps., When the eigen frequeucy
in motlonless alr 1s greater than 0 cps (such as in the symmetric
case), the frequency branch appears to approach this linear ratio
asymptotically. That such a behavior is to be expected may be evi- é;gi
dent from the following:

The equatlon of mofion for the aileron is:

1
[

v _
Uy, = Lan) gy = =5 ¥y (1433 g, (1)
Vv
where
Uss = the generalized mass of the rudder
lop = the generallzed air force at the rudder
= 1]
(Lpp = Lpp' + dLpp")
Vo = elgen frequency of the alleron In motilonless ailr
v = elgen frequency of the ailleron
h = damping
dy = generalized coordinate
L = y=1
Thus 2
he S i YOS
2 z R
v l!22(l + h7) (2)
And if h = 0: o
. .. u
i 22
Vo= X s g s s -
2‘/]22”"22 P (3)

When the term U22-~-.L22 is negatlive, the expression for v has no
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slgnificance. Thus:

.
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Uzp = Jgg" = Ip B7 = WORT = 3T b, 2 0 4)
Here:
Ir = moment cof 1lnertia of the alleron about the rudder
B = size of the rudder result
p = alr denslity
A reference length
n'c= coefficlent of alr power le

= reduced frequency:

b, = width of the rudder

Now nEAis practlcally constant for the area of w considered,
such that

Vet ——— gy

F (5)

For w values which are smaller, there 1s no longer a real
loss for v, so that the agreement of the asymptote upon approxi-
mation is

(6)

From the above, it appears that the frequency of the aileron
increases practically linearly with an inecrease in velocity,
while the bending frequency remains constant. This gives rise to
the already'previously mentioned two critilcal cases (branches 8
and 9).

10
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From expression 6, it appears that the groater
the aileron moment of inertia, the pgreater thc steepness of the
asymptote, so that interaction wlth the bending branches occurs
for cases with a higher velocity (see also Fig. 12). An accurate
determination of the alleron moment of inertia (including the
steering mechanism) is thus required. One must pay strict atten-
tion to the moment of inertia for tlie steering mechanism, which
determines to a significant degree the slize of the alleron moment
of inertia,.

In the symmetric case, the dangerous case of flutter out-
lined above does not occur, because 1n this case the aileron
frequency in still alr does not amount to O cps, but it is higher
than the bending frequency caused.

.5 The Effect of the Presence of Ballast

In Figs. 6 and 7, a comparison 1s presented for anti-
symmebtric behavior with and without ballast. From this, it appears
that the differences are insignificant. When the ballast tanks /12
are filled, vy 1s higher, however (i.e. 78.9 m/sec; without
ballast, T4.7 m/cec), so that for these configurations, somewhat
more severe redquirements are set. The discussion of flutter be-
havior will also be limited to the antisymmetrlc behavior of the
configuration with water ballast.

4,6 Quantities Determined for Flutter Behavior for the
Configuration Measured

From the foregoling, it appears that antisymmetric hehavior
of the configuration with water Pallast 1s measured. In the
following, the case will be taken up in which specilal attentlon
will be paid to the quantities which have a direct effect on the
size of the eritical velocity.

11
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In Figs. 6 and 7, results were presented for flutter calcu-
latlons for a calculetion model with five degrees of freedom. It
appears that the interactlon between the {irst bending vibration
and the rudder vibration and that between the second bending vi-
bration and the rudder vibration can be approximated in an adeguate
way by binary calculation inicdels. A comparison of the flutter cal-
culations for the calculation model with five degrees of freedom
and the results of the two calculations for binary systems with
two degrees of freedom (the first and second bending/rudder vi-
brations, respectively) are presented in Flgs. 8 and G.

The danger of flutter is determined by means of the following
facfiors:

1) Interactlon of the two bending vibrations and the rudder
vibration causes a rapid return in damping of the second bending
vibration, which gilves rise to flutter. The questlion now i1s whether
this behavior occurs above or below 1.2 VD.

2) Damping of the first bending vibration 1s smaller in
absolute value in a specific veloclty reglon and can change sign
in certain cases. The velceclty region in which it occurs lles i1n
any case below 1.2 vy (between 40 and 60 m/sec). The question is,
by means of which factor 1s this behavior determined and 1if a
satisfactorily large margin of safety 1s present in the "Standard
Clrrus."

The size of the velocity at which dawping of the second bend- /13

ing Vibration changes slgn is defined by the slope of the frequency
characteristic of rudder vibration. As thls characteristic be-
comes steeper, interaction between rudder vibration and the second
bending vibration takes place at a higher rate.

From Section 4,4, 1t appears that the slope of the frequency
characterigtic is defined by the size of the aileron moment of in-
ertia. For the "Standard Cirrus," flutter of the second bending
Vibration appears to occur at 114 m/sec, which is considerably higher
than 1.2 Vj (94.7 m/sec), so that this flutter possibility causes
no danger for the "Standarg Cirrus.”

12
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In the foregoing, calculations for [latter were discussed
i orliginating from structural damping and dry friction in the steer-
' ing mechanism. In considering the interaction of the first

bending vibration and rudder vibration, there develops with

thls assumption ar all too unfavorable plcture. In this case,
this also results from a normally present structural damping of
0.05 and dry frietion, which are derived from the measurements
from reference 5. From Fig. 10, 1t appears that a definite margin
of safety 1s present.

The means by which damping of the eigen vibration form 8
returns in the veloclty repgion of U0 to 60 m/sec is dependent on
the slze of the static moment of the alleron, the size of the all-
eron moment of inertia, and the amount of dry frlction in the
steering mechanism. As appears from Fig., 11, flutter behavior
1s not as sensitive to small changes in the friction present in
the steering system. A 40% reduction in friction force still has
no detrimental results. |

With an increase in the alleron moment of inertla, the veloelty
at which damping returns, corresponding to that stated in Section
L.,Y4, sppears to lncrease (see Fig. 12). At the same time, the be-~
havior appears to be more flutter-critlcal as the aileron moment
of inertia increases. Actual danger of flutter exists with a 40%
increase 1ln alleron moment of inertila, so that 1t can be sald that
flutter behavior also is not senslitive to samll changes in the
aileron moment of inertia. ' /14

Fig. 13 shows the-effect of the size of the alleron's static
moment. Variatioris in thils #tatlc moment appear to be directly_
affected by flutter behavior. The present margin of safety is 12%.

In the above, the moment of inertia and static moment of the
aileron were varied separately. In practice, however, a change in
the static moment (such as that due to carrying extra mass), at

13
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the same tlme causes a change in the moment of lnertlia, so that
it is required, on a figure, to read which combinations of I and S
give rise to stable or unstable behavior (see Fig. 14).

4,7 Concluslons and Evaluation of the Flutter Behavior Found for
the Wing

From the foregoing, it appears that with regard to the struc-
tural damping and dry friction present in the alleron steering
system, the wing of the "Standard Cirrus" 1s flutter-free in the
required velocity region (up to 1.2 VD).

Two possible critical sltuations are dilstinguished for the con-
figuration with the joystick released, 1.e. interaction between
the first antisymmetric bending vibration and the aileron motlon
and interaction between the second antlsymmetric bending vibration
and the ailelron motion. Both situatlions are not critical for the
"Standard Cirrus," but they can be critilcal for ailrcraft of simllar
construction in which somewhat different mass and rigidity are
present. Such flutter types, such as the formerly used rigldity
eriteria, are not understood (tlhiere is no criterion for the bend-
ing rigldity of the wing).

In the "Standard Cirrus," for a good prediction of flutter
tehavior of the wing, 1t appears satlsfactory to make two flutter
caleulations for a system with two degrees of freedom (the system

~
=

motlon as degrees of freedon and the system with the second anti-
symmetric bending vibration form and aileron motion as degrees
of freedom; see Figs. 11 and 12).

In addition, for other synthetie gliders; these two
calculations are sufficlent, provided that the wind construction
1s comparable to that of the "Standard Cirrus."

14
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of the Steady Vibratlon Behavior

This can be derived from the steady vibration behavior, Small
differences which show up in the geometry may hereby be lgnored,

Well-known examples are the SB 9 and the ASW 15B (see refer-
ences 6 and 7). The SB 9 has a larger span than the "Standard
Cirrus". The elgen frequencies and also the eritical speeds are
therefore lower.

The SB 9 shows both the above-described critical conditions
and flutters at 90 kmph with a frequency of 3,3 cps and at 140 kmph
with a frequency of 5.8 cps.

In addltion, the calculations for the ASW 1513 show such a
plcture, The interaction between the second asymmetrical bending

‘vibration and the alleron motion yields flutter at U455 kmph. The

Plrst critlical case 1s not established for these calculations be-
cause the aileron frequency in motionless alr 1s taken to be hilgher
than the eilgen frequency of the first asymmetrical bending vibration.

Mass balancling of the allerons will have contrel for any type
up to the elimination of the danger of wing-rudder flutter.

5. The Rear Fuselage with Tall Surfaces

5.1. The Steady Vibration Investigation of the Tail and Dilscussion '

The steady vibration investigation for the talil has been 1imi- >
ted to the following considerations of the asymmetric behavior. f
The symmetric behavior was determined by means of the following de- '
grées of freedom: vertical bending of the rear fuselage, bending :
and torsion of the stabilo, and the stabilo -- "pitch" (height rud-
&er) motion. The eigen frequencles of the stabilo bendlng and sta-
bilo torsion vibration are so high (higher than 20 c¢ps) that these

i

degrees of freedom are not of interest. Interactlon of the vertlcal /15?

fuselage bending and the helght rudder output is hardly possible

ORIGINAL PAGE IS 15
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because the helght rudder 1s almost completely unbalanced. All this
makes 1t implauslble for symmetric vibratlon models to be able to
cause flutter,

Asymmetric behavior, on the other hand, makes flutter more
of a possibllity. In this case, the degrees of freedom are: hori-
zontal bending and torsion of the rear fuselage, rolling and yawing
of the stabilo due to the deformation of the filxed fittings, bending
and torsion of the in and the directlion rudder output. Bending and
torsion of the fin appear to have elgen frequencles too high to be
able to produce any danger., The steady vibration investigation has
been directed toward the remaining vibration models and eigen fre-
auencdles. As in the steady vibratlion, investigation of the wing,
here calculations as well as measurements were also made.

In the flutter calculatlons, they are derlved from the measured
elgen vibrations models 14 and 15 (see Pigure 15 and the description
in Table 5). The remaining degrees of freedom, i.e. rolling and
vawling of the stabilo and the directlon rudder output as "artificial
modes" assumed for the calculation (see Table 5).

For the calculatlon of the generallized masses, use is made of
the mass data in Table 3.

5.2. Determination and Discusslon of the Flutter Behavior of the Taill

As 1n the determination of flutter behavior for the wing, use
is also made for the tail of the Rayleigh-Ritz method, It is derived
from the transforimation functions which are given in Table 5,

For the calculation of the air forces, the use of strip theory
can lead to a large deviation, because for the T-tail, it 1s no
longer a question of thin drag surfaces; at the same time, moreover,
the iInterference of the §tabilo and fin play some role. For calcu-
lating the generalized air forces, therefore, use is made of the

16
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doublet lattice method, as deseribed in reference #, The alr-forcs

calculatlions were worked out on the NLR, The results of the flut- 7/17:

ter calculations are presented in Figures 16 and 17. From this, it
appears that at speeds lower than 1.2 VD, the critical conditions
are not satlsfied, Thls results in a lag in the llne of expecta-~
tion. Posslble causes of {lutter could be the interaction of vibra-
ticn model 14 or 15 with the direction-rudder motion, The direction
rudder 1s, however, completely unbalanced, so that these pessiblli-
tles must be consldered out of the question.

5.3, Concluslong and Evaluation of the Flutter Behavior Found for
the Tall -

From para. 5.1., it appears that flutter due to the interaction
of symmetric elgen vibration models of the tall can be consldered a
priori an lmpossibility.

The asymmetrlic eigen vibration models, on the other hand, pre-
sent a range of posslibilities., The flutter calculations show that
In this case also there 1is no danger of flutter at velocitles below
1.2 V. ,whlch 1s explainable on the basis of the high rigidity of

D
the fin and the balancing of the dlrection rudder.

In the discussion of the wing, 1t can be sald that for modern
gliders made of synthetic materials, the wing constructions used
are simllar, so that the possible flutter types are also identical,

The same cannot be sald of the tall. Here, among -other things,

no predlctions can be made for the tail for the measured flutter
type, so that the flutter calculations cannot be simplified a priori,

17
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TABLE 1: TECHNICAL DATA FOR THE "STANDARD CIRRUS"

Geometry

Wing span

Wing surface area

Thinness

Fuselage length

Fuselage helght in cockpit
Tuselage width In cockpit
Span of stabilp

' Welght

Empty welght

Max. wélght for takeoff
wlthout ballast

Max. welght for takeoff
wlth ballast

Performance

Max, permissible flight
speed, VNE

VD (according to OSTIV)
wlthout ballast;

V., wlth ballast

D
Stall speed

Min. descent rate at 70 kmph
Best glide number at 80 kmph

15.0m
10.0m
22.5

6.35 m
0.83 m
0.62 m
2.0 m

202 kg
330 kg

390 kg

61.1 m/sec

74.7 m/sec
78.9 m/sec

17.2 m/sec
0.57 m/sec

38
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220 kmph

269 kmph
284 kmph

62 kmph
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REF LIUNY

5 REF LUNE —=

9

VLEUGELSEGMENT

Ballast

Lies up

Aileron depth

Ref. line 1

Ref. line 2
Quarter chord line

Key:

Layer
Rudders
. Wing segment

O O3 vl = W D

20



TABLE 2: MASS DATA FOR THE WING

1 r 2 3 . % L] ¥ L] L ] 10 " 17
e g Py e 5 P |
o [ oi0s fomse [ Gfn o [ o fon | oo foame | oo | 0
A ——
5, | o.0e ﬂ"‘(&:x &33’”}&« 0890 | 0,008% | 0,038 | 2,0207] 0,019 § 0,0182 hu?i
0,0652C 0869)](0,0010 . y o " v
1, ] o.0008 )00 (o.o:nlo,u.. e ozr3] 0492 d L6 | o000 0,008 | 0,0000 ] 0,000
. 9 . b oos0 |o,00279] 0,002290,00188 -
0,001224 0,0008% o.ooosio.mn
2
m = mass (kg sec”/m) Index 1: with respect to ref, line 1
I = moment of inertia Index 2: with respect ot ref. line 2

(km sec? m)
S = static moment (kg sec”)
In parentheses are numbers for filled ballast tanks.

TABLE 3: MASS DATA FOR THE TAIL

“~

ORIGINAL PAGE IS
OF POOR QUALITY

Key on followlng page. 21



Key: 1, Mass (kg secz/m)
2. Moment of inertia about the Xl-axis (kg Bec2 m)

3. Moment of inertia for fin + direction rudder about
ref, line 1 (kg sec? m)

I, Moment of inertia of direction rudder about ref. line
2 (kg sec? m)

5, Static moment of fin + direction rudder about ref,
line 1 (kg sec?)

6. Static moment of direction rudder about ref. line 2
(kg sec?)

7. a) Moment of inertia of the stabilo about the X2 axis

1.naqaq_
2 dYami o

T~
|
L

Key: 1., Bends 2, Stabilo 3, Stabilo U4, Ref, line 1 5. X1 axis
6. Quarter chord line 7. Ref., line 1 8, Rudders
9, Ref, line 2

IGINAL PAGU '¢
o= ALITY

. OF POOR QU



TABLE 4.

SUMMARY OF THE TRANSFORMATION FUNCTIONS USED IN THE

FLUTTER CALCULATIONS FOR THE W NG

. —— . — ——— -

. ——

fundamental torsion :

I ayrm : characteristics of the eigenireg., (rad 07[)
no o transformation func- - ™
: ——y— tion withouthbaliast |with ballast
L...r . NEBUEEE tubuha
! s vertical translation i 0
——
2 s fundamental bending | 162
H: ‘L
3 § first overtone bondi.an €0+l
M e |
4 s second overtone bending 14349 |
= Ll |
T 1 l
5 #_ s fund ~aental torsion ; 125,7
6 A rolling l 0 0
S ATRA, e
7 A rudder motion i 0 0
t
13 A fundamental bending | bl 8.3
9 s first overtone bendlnqa 125.2 115.6
- -1
10 A 1857 § 171.5

23
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TABLE 5.

SUMMARY OF THE TRANSFORMATION FUNCTIONS USED IN THE

FLUTTER CALCULATIONS OF THE TAIL

L e——

charnct.rintlcl_;}-th‘- nuunh.q.i
™. | ¢ransformation function (rad o~1) |
s E—— I —
1" rolling u
- — e e e powom
|
12 yvawing
ﬂf —y - — --——-——‘——-—-——i
13 motion of the direction Y -
rudder '
L "-J" — |
14 horizontal bending of 5 s :
the recar fuselaqge i
coupled with torsion of
the rear fuselage [
15 torsion of the rear fuser bleb I
lage coupled with hori= !
zontal bending of the
rear fuselage
16 vawinag of the stabhilas 73,4
L . .
17 roll \ng of the stabilo | 145 7
ORIGINAL ¥

OF POO

AGE 1

R QUALITY

/23
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a cgentrillingsvorm 2
b eigenfrecuentie 16.3 rod ¢

— e — —— - —

- — e — —

[TI e

a eigentrillingsvorm 3
b eigenfrequentie 601 rod s~

—

pm
IO
Saihe 1

a wegentrillingsvorm 4
b eigenfrequentie 143.9 rod s™

a ecigentrillingsvorm 5
b eigerfrequentie 1857 rod s™

Fig. 2. Symmetrical eigen vibration models of the wing
(eigen frequencies without ballast).

Key: a. Eigen vibration model
b. Eigen frequency

ORIGINAL PAGE I8
OF POOR QUALITY
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a eigentrillingsvorm @
b elgenfrequentie 441/ 38.3 rod &'

a eigentrillingsvorm §
p eigenfrequentie 1252 / 1156 rod s

—— e o a——

a eigentrillingsvorm 10
p eigenfrequentie 1857 / 171.5 rod ¢

Fig. 3. Asymmetrical vibration models of the wing (eigen
frequencles without ballast / with ballast)

Key: a. Eiger vibration model
b. Eigen frequency

27
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Fig. 4.

Relationship between flight speed V and

eigen frequency v; symmetric eigen vibration
models, without ballast.
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Fig.

5.

Relationship between flight speed V and
the damping factor h; symmetric eligen
transformation models, without ballast.
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Fig. 6. Relationship between flight speed V and

the elgen frequency v; asymmetrical eigen
vibration models.

with ballast
--=-- without ballast
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Fig. 7. Relationship between flight speed V and
the damping factor h; asymmetrical elgen
vibration models.

with ballast
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Vimsh

Fig. 8.

Curve of the eigen frequency with the
flight speed for eigen vibration models
8 and 9 for different calculated models,
with ballast.

results for binary flutter calculations
--=-= calculated model with 5 degrees of freedom
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Fig. 9.
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Curve of damping with the flight speed
for eigen vibration models 8 and 9 for
different calculated models, with ballast.

results for binary flutter calculations
--=-- calculated model with & degrees of freedom
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Fig. 10. Damping characteristics for eigen
vibration model 8, with ballast.

with reference to structural damping
and dry friction

-=== wWithout damping or friction
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Fig.

lll

Damping characteristics for eigen
vibration model 8 for different values
of dry friction, with ballast.



Fig.

12,

Damping characteristics for eigen
vibration model 8 for a number of values

for the alleron moment of inertia, with
ballast.
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Fig.

VimsY
g8 B
-+ T'_'1

13.

Damping characteristics for eigen
vibration model 8 for a number of
values for the static moment of the
alleron, with ballast.

ORIGINAL PAGE I8
OF POOR QUALITY



(V] v e cny
Lw? [ 2
(kgm O"‘..‘_._ ';_4.__ = 3 L2
“
7
i
os
;
0s
i -
- ‘ r
04 - Stenderd Cirrus ~ e
INSTABIEL
03 b
STABIEL
02
" — —
0 g# 0010 5 0020
S (kg s?)
Pig. 14, Stability diagram.
Key: a. Unstable
b. Stable
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a elgentrillingsvorm 14
b eigenfrequentie 312 rad s
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a elgentrillingsvorm 15 &
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In hat xy-viok

Fig.

15.

Asymmetrical vibration models for the rear fuselage
with tall surfaces.
Ampli-

Eigen vibration model; b.
tude on the xy-surface

Eigen frequency; c.



Fig. 16.

Curve of the eigen frequenclies with
flight speed.
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Fig. 17.

Curve of damping with flight speed.
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