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Abstract

This paper includes description of the technique that was applied for free-flight (drop) tests of
the rocket-plane scaled model. The main aim of the experiment was to validate the numerical approach
to be used to simulate the gliding flight of the rocket-plane, especially the transition between high to low
angles of attack and the rocket-plane response to control. The primary goal of this paper is to show what
kind of challenges must be addressed when planning the flight test campaign. This paper includes
description of how the rocket-plane model was scaled and built, the model preparation, experimental
design and flight procedure. This paper shows an overview of how the experiment can be planned for
different scenarios and the lessons learned during the deep stall free-flight tests.
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1. INTRODUCTION

Numerical software, even very sophisticated ones, use mathematical models that are created based on
some sets of assumptions. This means that they include some sort of simplifications of the real world.
On the other hand, solving a multidisciplinary problem might generate a problem with convergence, or
the time of numerical model preparation and computation might exceed the effort required to carry out
the experiment to collect the needed data. There is also uncertainty whether the numerical model can
correctly predict the aerodynamics, for instance, when there is a strong separation. Therefore, experiments
on models or prototypes are an integral part of both aircraft and spacecraft design process and certification
process. Nevertheless, conducting the experiment usually is also linked with some assumptions, especially
if the experiment is conducted on the scaled model not on the fully functional prototype. In that case,
the preparation of the experimental model and the experiment itself are strongly related with the type
of the data that are planned to be collected. On the other hand, in the early stages of the project of
unconventional aircraft, conducting simple experiments to validate low-fidelity numerical packages can
be more effective than using complex numerical methods. Moreover, the cost of conducting numerical
simulations that need to take into account strong nonlinearity might be higher than to carry out a simple
experiment to validate a numerical approach. This seems to be more effective for unconventional designs.

This paper considers a rocket-plane that is designed for suborbital manned space flights [1-3].
The rocket-plane is designed with a tailless configuration and is launched from a carrier that is also
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designed in a tailless configuration (see Fig. 1). When both vehicles are coupled together, they create
a conventional aircraft, wherein the rocket-plane’s wing works as the empennage. The mission profile of
the system assumes that the rocket-plane is carried by the carrier up to 15 km above the sea level, and
then the vehicles separate. The carrier returns to the airport, while the rocket-plane begins the flight on
the parabola-shaped trajectory. First, the rocket engine is used to accelerate the rocket-plane; then,
the engine is shut down and the rocket-plane continues the mission until it reaches the apogee. Next,
the process of reentry begins; during this phase, the rocket-plane slows down by utilising the vortex lift
generated by the leading edge extension (LEX). Before the landing, the rocket-plane must transit from
a flight on high angles of attack to low angles of attack.

Figure 1. The carrier (light grey) and the rocket-plane (dark grey)
flying in coupled configuration [own study].

Both the separation process and the reentry involve a flight in a deep stall; therefore, the way to
validate a numerical simulation must be addressed. In this paper, a technique used in the planning and
preparation of a free-flight experiment that can be used to validate a numerical package for flight
simulation (Simulation and Dynamic Stability Analysis [SDSA] package) is presented.

2. METHOD
2.1. Experimental requirements

The aim of the experiment is to conduct the free-flight (unpowered) test of the rocket-plane that
must be dropped at a speed lower than the stall speed. The experiment investigates a flight in a deep stall
condition and the transition from high angles of attack to low angles of attack. During the transition, high
g-loads are expected because this rocket-plane is designed for manned tourist flights. The Federal Aviation
Administration (FAA) recommendation regarding the maximum-allowed g-loads must be met [4].
Therefore, measurement of the g-loads must be planned. The collected data should include the angle of
attack (AoA), airspeed, position of the control surfaces and the g-loads. Due to the early design stage,
the experiment must be designed as a low-cost one without access to a professional airfield.
The experimental cost and early stage of the design also imply that the model is going to be controlled
manually by an operator on the ground and that all flights must be performed within line of sight of
the ground operator.

2.2. Scaling a model

Before the flight tests can be carried out, the suitable model, flight conditions and technique of
an experiment must be selected. Typically, a flight test is a technique for the validation of the aircraft
behaviour or validation that the aircraft meets the design and certification requirements [5,6]. Such a test
is conducted using either a dynamic scaled model or a full-scale prototype [7,8]. The scaled model allows
reducing the cost of tests due to a lower cost of the model’s manufacture and the lower operational costs
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of an experimental infrastructure. In terms of using the scaled model, it must be scaled according to
proper similarity numbers [9]. Depending on the kind of tests needed, the selection of the similarity
numbers may vary. The decision process related to which of those similarity numbers must be met is
linked with the phenomenon that drives the tested behaviour or those that can be neglected due to
an insignificant impact. Usually, it is one of the following approaches—Mach scaling or Froude scaling
[7,9]. Fulfilling all similarity numbers simultaneously is not possible because that would require meeting
excluding conditions. In the case of the aircraft drop (free-flight) test, when the flow can be assumed as
an incompressible one, the model should be scaled according to the Froude scale (Table 1).

Table 1. Scaling factors for Froude’s scaling in the case of incompressible flow.

Parameter Expression
Linear dimension (/yodel /faircrafo) n
Relative density m/pl?
Froude number (Frmodel /Fryjpcraft) 1
Acceleration due to gravity (gmodel/Eaircraft) 1
Angle of attack 1
Mass n’/c
Moment of inertia n’/c
Linear velocity n'”?
Angular velocity 1/n'?
Time n'?2
Reynolds number %2 Vode/aircrafe

where 6 = Pmodel/ Paircraft

In terms of the rocket-plane tests, a few challenges must be addressed. First, the flight test altitude
needs to be selected, which is directly related to the acceleration due to gravity and the air density.
According to the Froude number, the ratio of acceleration due to gravity to the altitude of the nominal
flight level and the scaled model test flight level must be equal to one. The ratio of the acceleration due
to gravity for the case of A = 0 km and A = 15 km is very close to the ratio between acceleration due to
gravity on the equator and the pole, respectively; therefore, for the considered test, it seems to be
reasonable to assume that even performing the experiment at an altitude close to the ground meets
the mentioned condition. The next challenge that is related to fulfilling the Froude scale is associated with
the air density, which directly affects the model’s mass. For the considered case, the mass of the scaled
model that meets the Froude scale for flight tests near the ground is almost 15 kg. Such a heavy model
would be very difficult to control due to the testing at low alticude and at a high descent rate. On
the other hand, the model that has a reasonable weight in terms of design and control must be tested at
very high altitude, >12 km, which is not feasible in the case of the remote-control models when the pilot
(operator) is standing on the ground and manually controlling the aircraft model. Finally, due to
the early stage of the design and the desire to conduct a low-cost experiment, the Froude scaling is not
met. The approach for analysis of the aircraft behaviour was a hybrid between experimental and numerical
tests. In this paper, flight tests of a geometrically scaled model (but not a dynamically scaled model) were
carried out. The data collected during the experiment were used in software validation to ensure that
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the numerical simulation can predict such an unusual mission in a reliable way. The software, i.e., SDSA
package [10], has been already verified for conventional aircrafts [11] and unconventional aircraft flying
on low AoA [12,13] but not validated for the case when the aircraft is flying in a deep stall condition.
This paper focuses on presentation of the flight test campaign preparation and the technique of
performing the free-flight tests. The presentation and analysis of the data measured during those free
flights can be found elsewhere [14].

2.3. Takeoff technique

Depending on the test purpose, aircraft size and aircraft design, a model can take off (launch) in
different ways. The most common approaches are regular takeoff, catapult and drop. In the case of
the regular takeoff, the aircraft model must be equipped with a classic landing gear and engine [8,15-18],
which usually are not suitable for glide (unpowered flight) tests. Moreover, this can affect the results,
e.g., by adding extra drag component due to the existence of a propeller. On the other hand, building
a model with a retractable landing gear or propulsion system makes the model unnecessarily more
complex. Furthermore, the considered rocket-plane is not designed for standard takeoff. The second
approach utilises a bungee cord [13]; in such a case, the aircraft is accelerated by the energy stored in the
stretched elastic cord. However, this is mostly applicable for quite small aircraft models with a low stall
speed that are equipped with an engine. For this technique, where the engine is located is important and
is not always convenient for the aircraft in pusher configuration with a propeller installed at the back.
The third approach is using a catapult, but this implicates that g-forces act on the aircraft, which are
going to be higher and require a more rigid airframe structure [19]. However, the stall speed can be
higher than that while using a simple bungee cord. Again, this approach is applicable in the case of aircraft
equipped with a propulsion system, but this solution can be more convenient if the propeller is installed
at the back. None of the above-listed approaches is appropriate for free-flight tests of the considered
rocket-plane. The last option is to drop an aircraft from a carrier, which—for the considered experiment—
is the most suitable approach [20-25]. However, the next question that must be addressed is what kind
of vehicle should be used as a carrier. In general, four different types of carriers can be distinguished:
aircraft, helicopter, balloon and kite. The first two are quite often used in flight tests, including tests with
a prototype. Balloons are popular for supersonic vehicle tests, while according to the authors” knowledge,
a kite has not been used as a carrier in scientific research yet.

In the case of the free-flight test when the aircraft is unpowered, a critical factor for the carrier selection
is the size of the airfield and the airspace that is required to perform the experiment, which depends on
the drop altitude. For example, the Space Shuttle program included tests of the approach and landing
phases of the unpowered orbiter (full-scale prototype), which was lifted by a modified B747 aircraft [22].
The orbiter was attached on the top of the carrier, and the separation procedure was designed based on
the wind tunnel tests and simulations [22]. The orbiter was piloted by two onboard astronauts. Due to
the size (weight) of the orbiter, neither the helicopter nor the balloon could be used as a suitable carrier.
Using the aircraft as a carrier allows for achieving a higher altitude and higher Mach number. On the other
hand, dropping a full-size prototype from an aircraft requires access to controlled acrospace and airfield,
which are most likely accessible and affordable for big national agencies or big industrial concerns.
The National Aeronautics and Space Administration (NASA) conducted numerous experiments, wherein
the aircraft or its prototype was launched by dropping it from an airplane: for instance, the F15 scaled
model was dropped from a B-52 aircraft [24], X38 was dropped from B-52 [20], and X43A was dropped
from B-52 [25].

An example of the project in which the helicopter was used for the drop test of an unpowered
prototype is the Dream Chaser rocket-plane. The unmanned prototype of this rocket-plane was lifted by
the Erickson Air-Crane N164AC helicopter [26]. Moreover, helicopters were used by NASA in tests of
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F-4 [7] and X-31 [23]. Another example of the use of a manned helicopter to drop a scaled model of
a highly manoeuvrable aircraft is the flight campaign of F15 [7] and F/A-18E [21]. Helicopters also can
be used as carriers in the case of the space capsule drop. However, such experiments are quite often related
to testing the landing impact on a structure or the deployment of parachutes [27]; this is beyond the scope
of this paper.

Balloons are typically used in the case of supersonic vehicle tests, when achieving a high altitude is
crucial to ensuring that the aircraft can accelerate to a high speed. This kind of test can be conducted using
stratospheric balloons filled with helium. Examples of such tests can be found elsewhere [18,28]. Again,
this requires access to a quite large controlled aerospace [18]. Furthermore, in the case of a regular balloon,
it is difficult to precisely control its movement against the ground. Moreover, the procedure of a launch
is quite complex, which makes it a poor solution for a low-cost flight test campaign. Another carrier that
should be mentioned here is a dirigible balloon; in the past, the United States used them to carry aircraft
[29], but there are no records that such a vehicle was used in research flight tests as a carrier.

3. RESULTS
3.1. Flying model design

As a result, the rocket-plane model was built in a 1:10 scale with a semimonocoque structure, using
the wet composite technology. The fuselage’s and wing’s skins were built as a sandwich structure using
two layers of glass fibre (47 g/m?), a foam (of 0.8 mm thickness) and two layers of glass fibre (47 g/m?).
All layers of glass fibre were oriented at 45°. The fuselage’s inside structure was reinforced by carbon
longerons and plywood frames (Fig. 2), while the wing’s structure included ribs and spars. The size of
the main spar was designed based on the shear force and the bending moment, calculated using
the aerodynamic load computed by the MGAERO software [30]. The leading edge extension was
exchangeable and built from 2.5 mm birch plywood. The side plates were built using balsa wood
reinforced with carbon rods and covered with heat-shrinkable foil. The geometrical parameters of
the model are presented in Table 2. To ensure good visibility and easy assessment of where the top and
bottom parts of the model are, different colours of foil were used. The top side plates are yellow, while
the bottom side plates are red (see Fig. 3). The different colours on the bottom and top parts are absolutely
crucial in the case of a symmetrical model, in which judgement of the model orientation from a long
distance can be difficult.

Table 2. The main geometrical features of the rocket-plane model.

Feature name Value | Unit
Empty weight (without instrumentation and battery)| 1.022 | kg
Total weight without the balance mass 1.5 kg
Balance mass 0.1 kg
Wing area (without the LEX) 0.1884 | m?
Wingspan (without the side plates) 0.5 m
Wingspan 0.712 |m

LEX, leading edge extension.
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Figure 2. The rocket-plane model during the building process; the inside structure is glued
into the composite skin [own study].

Figure 3. The rocket-plane model: view from a distance. The yellow and red colours were selected to ensure good
visibility for the pilot and help to distinguish where the top and bottom of the model are [own study].

3.2. Concept of control
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Figure 4. Concept of the rocket-plane control. Elevons can control the pitch and roll channel (a),

while the side plates can control the pitch and yaw channel (b) [own study].

The rocket-plane model is designed in a tailless configuration, with the side plates installed on
the wings’ tips (Fig. 4). The plates are not perpendicular to the wing (see Fig. 4b); therefore, they affect
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both longitudinal and directional motions. The pitch motion can be controlled by the elevons and/or
symmetrical deflections of the side plates (Fig. 5). But when the side plates are deflected asymmetrically,
then one can control the yaw motion. The mode of the side plates’ deflections is controlled by a mixer.

Side plates deflection to control pitch

Figure 5. Possible ways of side plate deflection: symmetrical for longitudinal control (on the top left)
and asymmetrical for directional control (on the bottom left) [own study].

The servomotors (HiTec HS-5125MG) responsible for upper plate rotation were installed in
the bottom plates (Fig. 6, picture on the left), while the servomotors (HiTec HS-5085MG) controlling
the elevons were installed in the wing (Fig. 6, picture on the right). Both servomotors are digital, and their
specification can be found in Table 3.

Figure 6. Servomotor installation on the side plates (on the left) and on the wing (on the right) [own study].

Table 3. Servospecificities of control surface servomotors.

Feature HiTec HS-5125MG HiTec HS-5085MG
Weight 24 ¢g 219¢

Size (length/width/height) | 30/34/10 mm 29/30/13 mm
Speed 0.13 s/60° 0.14 s/60°

Torque 4.0 kg cm 4.3 kg cm
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3.3. Assembly element

To perform the drop tests, the manner of rocket-plane attachment to a carrier needed to be solved.
A special component to hold the rocket-plane model was designed (Fig. 7). The assembly element was
designed under the assumption that it can be used with different carriers, it must keep the rocket-
plane in position ensuring that the path angle is equal to zero, and minimise the impact of the release
process on the rocket-plane’s motion. There is a single point where this holding element is mechanically
connected with the rocket-plane model (Figs 7 and 8). The supports on the front and on the back
ensure the proper positioning of the rocket-plane in the horizontal plane. The release mechanism uses
a servomotor (HiTec HS-82MG), which actuator is connected to an off-the-shelf hook for radio-
controlled (RC) gliders (see Fig. 8). The control signal to release the rocket-plane model is commanded
by the rocket-plane pilot. The assembly element was built using the composite technology as a sandwich
structure using fibre glass and 10 mm foam.

Figure 8. Hook [own study].

3.4. Instrumentation

The selection of technique for AoA measurements was the first challenge that needed to be
addressed. The classic approach uses a sensor based on a potentiometer [31]. Such detection of the AoA
by a sensor is based on the forces. However, for the drop with the airspeed around zero, the expected
forces are going to be lower than the sensor’s resolution. The second approach can be a five-hole
pressure probe [32,33] (Fig. 9a), but the wind tunnel test reveals that for low speeds, the pressure
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difference is also lower than the pressure sensor resolution. The probe was connected to the pressure
sensor embedded in the Eagle Tree Universal Serial Bus (USB) Flight Data Recorder. The wind tunnel
test showed that the measurement of an AoA is possible at speeds >5.8 m/s; the measured characteristics
of the five-hole pressure probe are presented in a previous paper [14]. Therefore, an alternative
technique for measurement of the AoA for very low airspeeds needs to be found. There was no sensor
that could very precisely measure the AoA for such conditions; therefore, indicators were built by using
a disc with a protractor and a thread attached in the centre (Fig. 10). Two indicators were installed,
one for each wing (Fig. 10). The movement of each thread was recorded by a separate camera placed
on the fuselage. The AoAs were extracted in the video postprocessing stage.

Figure 9. Five-hole pressure probe to measure the speed (calibrated airspeed) and angle of attack [own study].

AoA indicator

AoA indicator

Figure 10. Arrangement of angles of attack (AoAs) indicators [own study].

The airspeed was also measured using two different sensors. The first one was based on the pressure
difference obtained from the five-hole pressure probe (see Fig. 9b). The second type of sensor to measure
the speed was a global positioning system (GPS)-based sensor. A similar approach was used for the altitude
measurement: two sensors were integrated—one based on the pressure and the second using GPS
readings. The last-measured parameters were the g-loads, which were measured by the accelerometer.
The angular rates and attitude angles were not measured because the main emphasis of this experiment
was to measure the g-forces and the rate of g-forces.
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The rocket-plane model was equipped with three data loggers in total. The EagleTree E-logger V4 was
connected to the GPS, accelerometer, barometric altitude sensor and servomotor of the release mechanism.
The remaining flight parameters were recorded by the two EagleTree USB Flight Data Recorders.
The first one registered the reading regarding the AoA from the five-hole pressure probe (see Fig. 9¢)
and the signal of the servomotors, which controlled the side plates and the release mechanism. The second
Eagle Tree USB Flight Data Recorder recorded the reading from the five-hole pressure probe regarding
the airspeed (see Fig. 9b) and the signal of the servomotors that controlled the elevons and the release
mechanism. The reason behind the recording of the release mechanism signal was to synchronise
the data from all loggers in the postprocessing stage. All parameters were recorded with a frequency of
10 Hz, which is not a high frequency, but the initial analysis of the model using the SDSA software [10]
revealed that the duration of the short period oscillation is about 0.77 s. Considering this flight campaign
as a low-cost experiment, using the instruments available at the University, this precision level was decided
as acceptable.

3.5. Using a kite as a model carrier

The kite used in the experiment was a very stable photographic platform, but the minimum wind
speed needed to launch it was about 7 m/s. To ensure the safety of the rocket-plane model during
the launch of the kite, the model stayed on the ground until the kite was in the right position; then,
the model was lifted using a pulley-block system (Fig. 11, picture on the right). But before the actual
rocket-plane model was used, the system was tested with a dummy load to ensure that the kite can lift
a weight that is bigger than the weight of the rocket-plane model. The picture of the rocket-plane model
and kite before the model release is presented in Fig. 11 (picture on the left).

Figure 11. The rocket-plane hanging to the kite before the release (on the left),

scheme of system connection (on the right) [own study].

Because the minimum wind speed was close to the stall speed of the rocket-plane model, this could
compromise the experiment’s assumption that the drop is to be performed for an initial speed lower
than the stall airspeed. Moreover, the success of the kite launch and the maximum alticude were very
strongly connected to the weather condition. Furthermore, the preparation time required to launch
the kite and the launching process itself were very time-consuming, which later on affected the decision
to change the carrier vehicle. During the flight test campaign, two drops from the kite were performed.
The sequence of pictures recorded by the camera after the release is presented in Fig. 12; the camera
was attached to the holding element. When the rocket-plane model was very close to the kite, a strong
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oscillation caused by the aerodynamic interference was observed. Another issue was the relatively low
maximum altitude that the kite was able to achieve.

Figure 12. Sequence of pictures recorded by the camera after the model
was dropped from the kite [own study].

3.6. Using a UAV helicopter as a model carrier

Eventually, due to the very long time of preparation and the strong link of the experimental
condition to the weather, the decision was made to use a different vehicle as the carrier. The lesson
learned from the kite test confirmed that the rocket-plane model cannot be too close to the carrier
because of strong acrodynamic interference. To avoid that problem, the holding element must be
attached on a long rope (10 m), which implies that the model of the rocket-plane might behave like
a pendulum during the forward flight of the whole system. Both the UAV quadcopter and the UAV
helicopter—as the carrier—were analysed. The flight campaign was performed in 2014 when
the autopilots of quadcopters were not very advanced. For stability in this experiment, the system was
required to handle the situation that, during the flight, the position of the centre of gravity (CG)
changed. This is expected to occur because the rocket-plane model is attached through the rope and
can affect the CG by the pendulum motion. But at the time there was not a suitable UAV helicopter
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on the market capable to perform such a mission. Therefore, it was decided that a skilled pilot should
be able to handle such a flight, but by flying using a UAV helicopter that is not equipped with an advanced
stabilisation system, the T-Rex 700N helicopter fulfils this requirement. To mitigate the effect of
the rocket-plane model on the CG, the rope was attached to the helicopter’s CG. The modification that
was implemented after the kite test included adding a stick and a ribbon to the rocket-plane’s holding
element (see Fig. 13) to improve the system’s stability and mitigate the model’s spinning.

Figure 13. On the left, initial configuration of the holding component (without the ribbon).
In the middle and on the right, the modified version of the holding element is shown with the stick
and the ribbon [own study].

3.7. Preflight, takeoff and flight procedures

The first few flights were performed to set the aircraft’s CG in appropriate position. Finally, 100 g
extra mass must be taken on board to ensure the right mass distribution. This position was marked on
the rocket-plane model to ensure that the CG position is the same in the whole flying test campaign.
The setting of the CG was the first step. The preflight procedure consisted of connecting all electronics
with batteries and switching them on and checking the radio connections, including deflections of
control surfaces. Next, the whole system was connected, starting with the helicopter, the assembly
element with the rope and rocket-plane model.

Hover Model drop

Holding element drop
—L\
Climb r’ﬁ

T

% Landing
) =

Figure 14. Procedure of the experiment from the helicopter operator’s point of view [own study].

Take-off
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The schemes of the flight procedure from the helicopter operator’s point of view and from the rocket-
plane operator’s point of view are presented in Figs 14 and 15. The pictures of the rocket-plane model
before and after separation are presented in Fig. 16, and those taken during the standalone flight are
shown in Fig. 17. The postflight procedure included extracting the data from the data loggers and
copying the movies from the cameras.

e
Ll s
> ——

Max deflection of Synchronization Dcep stall flight, ~ Side plates deflection ~ Controlled flight, Landing

side plates and signal and fully deflected ~ back to neutral bf)th elevons and
elevons separation side platesand ~ position, side plates engaged
elevon transition to low AoA

Figure 15. Procedure of the experiment from the rocket-plane operator’s point of view [own study].

Figure 17. The rocket-plane model in standalone flight [own study].
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An exemplary set of data recorded during one of the flights is presented in Fig. 18; more results, with
the corresponding analysis, can be found in a previous paper [14].

_05 ' 1 1 1 J _25
0 5 10 15 20

Time [s]

I— G-load Elevons Side plates — — —Drop |

Figure 18. Example of g-load and movement of the elevons and side plates recoded during one of the flights.
Time =0 represents the moment of the rocket-plane drop.

4. DISCUSSION

Using an UAV helicopter rather than the kite is more appropriate when the airspeed for the drop must
be very close to zero. Moreover, in the case of the UAV helicopter, the altitude of the experiment can be
higher and the procedure of takeoff is more efficient. Moreover, there is better control of where exactly
the model drop occurs. The herein-presented technique of conducting the free-flight test is especially
suitable for unpowered vehicles or for a test wherein the engine(s) failure is going to be simulated.
This type of free-flight tests involves relatively low cost, which is a good opportunity for universities or
for the early-stage design process, when expensive flight tests are not needed yet. However, flying
a helicopter with an attached model on a long rope requires a very skilful helicopter pilot (Fig. 16).
The challenge is limited not only to the part of the flight when the model is attached but also when there
is only the holding element, because, in this phase, there is a bigger probability that the rope can become
entangled with the helicopter’s rotor. To ensure a safe landing of the helicopter, a releasing mechanism
for the rope was implemented. An additional stabilisation element was attached to the assembly element
to avoid spinning of the rocket-plane model. The ribbon on the stick was sufficient to solve this problem.

The flying technique of the rocket-model airplane under below-stall conditions is very challenging,
as the aerodynamic controls are not effective in such flight conditions. Therefore, a special configuration
of the rocket-model control surfaces has been devised for below-stall airspeed range (Fig. 15).
The configuration was especially developed to ensure stable high AoA during descent in both below-
and beyond-stall speed ranges. When the model airspeed increased to provide sufficient authority to
control surfaces, the AoA was decreased appropriately to allow high-speed gliding. Because of the model
size and high-speed flight due to the relatively high wing loading, the airplane control in such condition
requires a well-skilled radio control (RC) pilot.

Due to the large number of sensors used, >1 data logger was required. Having data set files from
different loggers caused an issue with data synchronisation. Therefore, to eliminate this problem, one
common signal was recorded by all loggers. This helped to synchronise the data in the postprocessing
stage; the synchronisation signal was commanded by the rocket-plane operator just before the separation.
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5. CONCLUSIONS

In this paper, a lesson learned from the rocket-plane model free-flight tests is presented.
The description of the process of model building, planning of the experiment, model preparation
and operation procedure are presented. To successfully perform free-flight tests, the following problems
must be addressed:

e Can a model be dynamically scaled and which similarity numbers must be met?
*  How to launch a model and what kind of carrier vehicle is the most appropriate?
e What kind of data is going to be measured and how?

Owing to the use of the UAV helicopter, the operation procedure and the cost of the flight campaign
were significantly reduced. However, because the rocket-plane model did not meet the Froude scale
(it was not a dynamically scaled model), the data recorded by such a mode cannot be directly used to
represent the behaviour of the full-scale rocket-plane. However, the data can be used to validate numerical
software in terms of general modelling of flight in a deep stall condition; this is presented in previous work
[14]. The instruments that the model was equipped with measured the airspeed, g-force and AoA. This
satisfied all experimental requirements listed in Section 2.1.

In general, utilisation of a UAV helicopter as a carrier could be a good opportunity for universities
or for the early-stage design process, when expensive flight tests are not needed yet. However,
the drawback of the presented method is that such an approach requires two pilots, one for the carrier
and one for the tested airplane.
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