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During EMM of unmanned vehicles it is
possible to tune flight control system and to
ensure safety margins for the closed loop.

It is also possible to measure the fre-
guency response functions “in flight condi-
tions” with turned on flight control system and
under any type of excitation, which can be
added to “aerodynamic forces”. It is also easy
to measure transient response of the structure
and limit cycle oscillations.

An example of such experiment installa-
tion is presented on fig. 6. The flutter of full-
scale horizontal tail of the fighter was investi-
gated by EMM [6] using 4 exciters. All-flying
stabilizer had the free-play, so the damping of
the rotation mode depended on the amplitude.
This function for different flight conditions is
shown on fig. 7.

!

' | [
: o =0
08 ; q\\\ x V=100m/s
® ; ><\ + =200 m/s
206 : NS . V=250m/s
S ; / /:\\\\.. o V=280 m/s
= ! s )
i) * \ ")( / /—ﬂ- S~
g :
= 0
: \
& \ v/ /
S 0
q / Freeplay zone
0.2 [
e
04

0 0.02 0.04 0.06 0.08 0.1
Angle ampltude

0.12 0.14

Fig. 7

The same structure was used to investigate
the behavior near flutter conditions under addi-
tional random excitation, qualitatively simulat-
ing the flight in turbulent atmosphere [7]. It was
detected that flutter with restricted amplitude
can randomly appear and disappear. The air-
flow conditions and random excitation level in-
fluenced the probability of flutter appearance.

It is necessary to note, that this approach
can be used also when any mathematical
model is absent. In this case it is possible to
use measured modes for the generalized aero-
dynamic forces calculation, but the accuracy is

not higher than in the conventional unsteady
aerodynamic theory.

Second approach relates to the engine un-
balance simulation. Mentioned CS-25 and AP-
25 contain the requirement to check the case of
engine blade brake. It is necessary to show the
safety of the aircraft in such a case. Rotating
misbalanced engine generates periodic force
with frequency depending on rotation speed. If
the engine is turned off the rotation speed can
decrease from nominal up to autorotation speed.
And this frequency can coincide with aircraft ei-
genfrequencies. Standard GVT equipment al-
lows investigating this case by simulation.

Fig. 8

The first experiments of this type were ac-
complished in TSAGI using PRODERA equip-
ment about 1994 [8]. The forces acting on the
aircraft from the pylon after blade separation,
were simulated by two pairs of the exciters
(two horizontal and two vertical) in two
planes. Excitation signals were shifted in
phase. The variation of the excitation ampli-
tudes in planes allows moving the equivalent
rotating force along the engine axis (fig. 8).
The excitation frequency variation allows
changing the rotation speeds. As it was shown
by the analysis, when the engine forced angle
vibrations are significant, it is necessary also
to account for the gyroscopic forces. By using
four exciters it is easy to reproduce this case
without actual engine rotation.

We can mention here the investigations of
the engine unbalance by simulation method us-
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here — modes interpolation. It appears because
aerodynamic grid points and mode measure-
ment points are different. Conventional way is
to use surface splines.

Another problem is the choice of the
modes which must be included into equation.
This is important question, because during typi-
cal GVT all the modes (sometimes more than
100) in the specified frequency range are meas-
ured. Not all of them can influence the flutter
behavior. On the other hand the problem be-
comes inconsistent when the order is too high.

It is reasonable to start from simple com-
binations of main modes. As a rule the flutter
is defined by group of 3-4 modes. Other
modes are not very important. After a few at-
tempts it is possible to find the combination
which has the lowest flutter speed.

The accuracy of such computation de-
pends significantly on the measured general-
ized characteristics errors. The latter depend
not only on the equipment characteristics,
which become better and better. An important
role is played by the structure. We assume that
it is linear. Actually it is relatively linear in
some amplitude ranges. The investigator needs
to be very attentive analyzing any structure.

We mention in this paper some historical
aspects concerning standard GVT. At the same
time the usage of GVT equipment can be more
wide and useful. The progress in the hardware
and software opens new possibilities, which also
can facilitate the flying vehicles development.
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