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Abstract
The object of this research is the process of choice the strategy for the development of the Ukrainian segment of suborbital 

launch vehicles (SOLVs). Problems arising in this process are analyzed and a search of ways of overcoming them was carried out.  
The strategy of development of a family of SOLVs is based on the previous experience of developing SOLVs in other countries.  
A family of SOLVs is proposed which includes five rockets with the apogee from 2 to 150 kilometers. The problem of the exclusion 
zones which can be reserved for falling of discarded parts of vehicles during the launch was considered. Experience of other coun-
tries in overcoming this problem was analyzed. It was decided to begin the process of formulation of a concept of a simplified SOLVs 
control system that would ensure keeping the rocket over the area of the launch. Within this task, a choice of components of the 
onboard electronic equipment (OBEE) was made. For testing the OBEE in the conditions of a real flight, a K80 Meteo 7000 rocket,  
a member of the proposed SOLV family, was chosen. In flight tests, most of the chosen OBEE components confirmed their operabi
lity, though some showed shortcomings in their operation. Main flight parameters of the K80 Meteo 7000 rocket were demonstrated. 
The reach of the apogee of 6,375 m and the velocity of Mach 1.733 was confirmed.

This research sets preconditions for practical implementation of launches of SOLVs with substantial altitudes of the apogee, 
while limiting the areas reserved for falling parts of the rockets. Availability of such SOLVs will enable solution of a wide range of 
problems in many fields of scientific research and the use of SOLVs as platforms for working out new technical solutions for other 
branches of rocketry.
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1. Introduction
Suborbital launch vehicles (SOLVs), unlike orbital launch vehicles and spacecraft of dif-

ferent purpose, are traditionally on a side of the general direction of development of rocketry. 
However, they play an important role in this. These flying machines serve as supplementary means 
necessary for implementation of certain tasks in development and operation of complex space 
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rocket systems. They are involved in refining of advanced technologies and solutions that can be 
implemented in the development of other flying vehicles and their payload. The SOLVs are a source 
of information about the actual environmental parameters at given altitudes. They are widely used 
for launching payloads containing devices and entire installations for carrying out unique experi-
ments in various branches of scientific studies.

The range of problems that can be solved with SOLVs is virtually boundless [1]. Among the 
directions particularly actively developed in the past several decades there are:

1. Research in atmospheric processes.
2. Study of natural phenomena in the microgravity conditions.
3. Fundamental research in physics.
4. Working-out of promising technologies for implementation in rocketry and space technology.
5. Solving problems for military applications [2].
Systematic use of SOLVs for studying atmospheric processes began in the middle of  

the 20th century. Since then, sounding rockets remain the only sounding devices capable of reach-
ing altitudes from 40 to 200 km. SOLVs are involved in studying processes in the magnetosphere, 
ionosphere and thermosphere [3, 4]; they supplement data from weather monitoring satellites [5]. 
A separate case is launches of satellites in near-polar latitudes [6].

Experiments in the microgravity conditions on board of SOLVs [7, 8] are an optimal solution 
when the experiments last no more than 15 minutes, which is a limitation for the modern vehicles 
of this class. The duration of the microgravity condition that SOLVs can provide is sufficient for 
studying such phenomena as registering changes in living cells [7, 9] and motion and collision of 
particles of substances [10]. In the field of material studies, research includes accurate measure-
ment of thermophysical properties of liquid metals, studying of growth of dendrites in the process 
of solidification of molten metals and refining of the grain [11].

A growth of the market of small commercial spacecraft opens more applications for the SOLVs.  
Considering the lack of substantial experience of commercial developers in launching and operat-
ing such vehicles in real conditions of the outer space, the use of SOLVs as a platform for testing 
and working out of such vehicles is promising. There are examples of successful implementation 
of this solution [12].

Ukraine is a country that has a considerable experience in creating rockets and spacecrafts. 
At the same time, the branch of SOLVs was practically ignored in the times of the USSR and has 
been in the times of its independence. As a result, there is almost complete lack of involvement of 
the Ukrainian science in the international research and lack of national projects of this kind.

Important aspects of launching any rockets with the apology altitude exceeding several 
kilometers is the necessity of closing the aerial space over the area of the launch and provision off 
substantial restricted areas for ensuring safety of people and facilities. In source [13], an estimation 
of the size of the required exclusion zone around the point of launch of a SOLV from a military 
range is provided. This calculation gives an understanding that for a chosen range the altitude of the 
apogee of a SOLV cannot exceed the maximum altitude of aerostats and air balloons. In source [2] 
a problem of the limited permissible altitude of flight of a Polish suborbital rocket ILR-33 Amber 
is described. Considering densely populated territories and, as a consequence, small dimensions of 
the acting military ranges, this problem is essential for Ukraine and many other countries.

Special requirements to the SOLV’s include presence of onboard electronic devices for con-
trolling the parameters of the flight. For instance, while experimenting in the conditions of mi-
crogravity, existing angular velocities of the rocket create corresponding G-forces and distort the 
results of such experiments. Control of G-forces requires inclusion of accelerometers into the on-
board electronic equipment of an SOLV. Source [14] shows that the on board electronic equipment 
of a sounding rocket for taking samples from the mesosphere must include sensors that measure 
velocity and altitude of the vehicle.

In source [15], it is shown that for a SOLV used for studying the upper layers of the atmo-
sphere the key measurements are those of temperature and pressure of the environment. Respec-
tively, the onboard electronic equipment must include sensors of temperature and absolute pressure.  
At the same time, it is possible to use the sensor of absolute pressure as an altimeter.
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The described problems and research permit to state that there is a demand for creation 
of SOLVs both on the global scale and in the interests of the science and economy of Ukraine.  
At that, such rockets must be equipped with the control system that can solve the problem of limited 
exclusion zones around the areas of their launch and also satisfy the specific requirements set by 
the purpose of the SOLVs. The experience shows that the transition from the theory to the practical 
implementation is the most critical stage in development of any objects of rocket and space tech-
nology, including SOLVs. Only after having passed the stages of laboratory works, creation of the 
facilities for testing units, components, structures and systems and also flight tests as a summary 
of this activity, it is possible to fully estimate the accepted solutions and obtained results.

A substantial number of research works devoted to rocket tests is known. In [16], an analysis 
of data on experimental flights of the SOLV Heros 3. In that research, the use of components of 
OBEE is proposed, which are much more expensive and are difficult to obtain in our conditions. 
There, as well as in our research, the problem of the COCOM Limits for GPS units was not solved. 
At the same time, from the diagram [16] showing variations of such parameters as altitude and  
velocity, it can be seen that, in that research, a GPS receiver is used that exceeds the one used by our 
team in the ability to operate in the conditions of strong g-forces. In [17], complete data on flight 
tests of the SOLV Heros 3 are provided. An advantage of our research is presence of a differential 
pressure sensor, which makes it possible to base velocity measurement basing on two sensors si-
multaneously (alongside with the accelerometers).

The aim of this study is formation of prerequisites for creation a segment of SOLVs in 
Ukraine and a search for solutions of problems that emerge in development and testing of the 
SOLVs, in particular, the problem of the limited exclusion zones available in Ukraine and absence 
of available onboard electronic equipment. This will give a possibility to create prerequisites of 
effective development of the SOLV segment in Ukraine and other countries where such problems 
are substantial.

For achieving this aim, solution of the following problems is planned:
– to formulate the main strategy of development of the SOLV segment in Ukraine;
– to determine the minimum required composition of the onboard electronic equipment and 

facilities for its testing at the early stage of implementation of the SOLVs’ capabilities;
– to carry out flight tests of the rocket and to analyze operation of the chosen onboard elec-

tronic equipment;
– to analyze correspondence of the computed and experimental parameters of the flight of 

K80 Meteo 7000 rocket that was studied.

2. Materials and methods
2. 1. The proposed development strategy of the segment of suborbital launch vehicles
Since the range of the problems that can be solved with the use of SOLVs is very wide, it is 

necessary to find solutions that enable achievement of the goals at minimum costs. The ability of 
a particular SOLV to accomplish one or another task is determined by its energy capability, which 
is most frequently determined by the dependence between the mass of the payload and the altitude 
of the apogee. Development of a family of SOLVs provides an advantage of unification of certain 
parts, units, systems, subsystems, propulsion units, components of the payload, etc. This substan-
tially reduces the overall costs of development of SOLVs both because of reduction the amount of 
testing and substantial reduction of development time.

One more advantage achieved owing to development of a family of SOLVs is that it gives an 
opportunity to organize development as an evolutionary process. Each next product inherits a con-
siderable part of technical solutions of the previous variant, which enables incremental increase of 
the manufacturing and testing facilities and improve approaches to designing due to the experience 
obtained through operation of real products.

Creation of a family of SOLVs it typical practically for all national programs in this field. 
The most popular solution within the framework of families of solid-propellant SOLVs is com-
bining solid-propellant engines, which can be very clearly seen in the NASA Sounding Ro
ckets program [4].
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2. 2. Activities of the «Rocketry agency» student project as a prerequisite for research
In 2018, on the basis of Oles Honchar Dnipro National University and Space Lab Noosphere 

Engineering School (Ukraine) a non-profit educational project «Students’ Rocket» was estab-
lished, which was later renamed as «Rocketry agency». The operation of the project began with 
development and launch of a small K80 CanSat rocket. Further, it was decided to develop a family 
of SOLVs and, in the development of which, to gradually increase the altitude of the apogee of the 
rockets and their general technical level, with parallel development of the technological capabilities 
and testing facilities. Fig. 1 shows the first variant of this family of SOLVs.

Fig. 1. A family of rockets of the «Rocketry agency» project

Within this family, development of five rockets is planned:
1) K80 CanSAT – a single-stage solid-propellant rocket intended for launching an educa-

tional project for launching model satellites of the popular in many countries CanSAT type at the 
altitude of around 2 km [18]. It passed all stages of testing as of 2019;

2) K80 Meteo 7000 – a single-stage solid-propellant rocket that can serve as a supersonic 
aerodynamic laboratory of short-term action. Prospectively, it can be used as a domestically pro-
duced anti-hail rocket;

3) K80 Meteo 20000 – a two-stage solid-propellant rocket capable of achieving altitudes 
comparable with those of K80 Meteo 7000 and perform similar tasks. The second stage repeats 
many features of K80 Meteo 7000, and the first stage of a larger diameter is a foundation for more 
powerful SOLVs;

4) K80 Meteo 40000 – a two-stage solid-propellant rocket. It is the first rocket in the family 
capable of reaching the altitude of 40+ km, that is, the boundary beyond the reach of aerostats. With 
this rocket, data on the state of the atmosphere can be achieved in altitudes up to 50 km; that is,  
it can be used as a meteorological rocket;

5) K300 GEO – the first liquid-propellant rocket in the family, capable to reach beyond 
the conventional boundary of the atmosphere. Its prospective use is a geophysical rocket and as  
a platform for experiments in the microgravity conditions. Transition to the liquid propellant com-
ponents in this rocked is stipulated by the high cost and limited availability of components required 
for the solid propellant.

The obtained and expected parameters of the rockets of this family were presented in [19, 20].
As a platform for testing onboard electronics, the K80 Meteo 7000 rocket was chosen (Fig. 2).  

This rocket is supersonic, and during the operation of its solid-propellant engine, substantial G-forces 
emerge (>8 g), which provides a short period for testing of the onboard electronic components in 
rather extreme conditions.

In the previous stages of development of this rocket, the following problems were solved:
– a composition of the mixed solid propellant based on ammonium perchlorate with im-

proves ecological parameters was developed and worked out [20]. In parallel, more environmental-
ly friendly alternatives to ammonium perchlorate are looked for [21, 22];

– the design of the solid-propellant engine of the diameter of 80 mm was worked out.  
An automated non-destructive inspection in manufacturing the casings of solid-propellant engines 
was developed and implemented [23];
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– the design of the payload bay (the head) of the K80 Meteo 7000 rocket was developed;
– a set of ground equipment for launching the K80 Meteo 7000 rocket was developed, 

including telemetry receivers and means of monitoring the flight trajectory. In its development, 
ground equipment used for testing K80 CanSat rocket was upgraded.

Fig. 2. Exterior appearance and design layout scheme of the K80 Meteo 7000 rocket

Performance characteristics of the suborbital complex with the K80 Meteo 7000 rocket are 
presented in Table 1.

Table 1
Performance characteristics of the suborbital complex with the K80 Meteo 7000 rocket

Number of stages 1
Length, mm 1563

Diameter, mm 82
Starting weight, kg 7.6

Engine – with load-carrying casing SPRE SI 5000
Solid propellant type Mixed

Charge Bonded filler
Average engine thrust, N 1200

Specific impulse of thrust, s 195
Total impulse, H×c 5560
Payload weight, kg 0.5

Flight control system Available
Maximum g-force 25

Control system N/A
Stabilization system Passive aerodynamic

Rescue system Two-stage combined
Flight altitude, m Up to 8000 m
Launch complex Mobile

2. 3. The main scheduled stages of flight testing of the K80 Meteo 7000 rocket
1. Operation of the onboard electronic equipment at the prelaunch preparation. 
2. Firing and operation of the solid-propellant engine (in the boost path). At the end of  

the boost path, the rocket moves at a supersonic speed.
3. Stable flight along the trajectory close to a vertical line up to the apogee at the altitude  

of 6 to 7 km.
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4. Separation of the rocket after passing the apogee with the use of a solid-propellant gas 
generator into:

– the head part, that is, the bay containing the onboard electronics, payload, sensors and 
telemetry transmitter;

– the rocket part, which is the hull of the exhausted solid propellant engine and the empen-
nage of aerodynamic stabilizers. 

The head part and the rocket part are fastened to each other with the use of a Kevlar cord to 
ensure landing of all components of the rocket in the point, coordinates of which are determined  
by the GPS/GLONASS receivers, substantially simplifies search of the rocket. Besides, separation 
of the rocket into two parts at the altitude close to the apogee enables the «flat spin» that substan-
tially reduces velocity on the descending segment of the trajectory due to the increase of the head 
atmospheric drag and the area facing the incidental air flow.

5. Flight in the descending segment of the trajectory before deployment of the parachute;
6. Deployment of the parachute at the predetermined altitude of 500 m.
7. Descent with the parachute. At this segment, the rocket must be decelerated to the speed 

not more than 10 m/s.
8. Landing of the rocket with the permissible speed that ensures potential reuse of all parts 

of the design, except the solid-propellant engine.

2. 4. Computed parameters of K80 Метео 7000 rocket
For evaluation of the main flight parameters of the rocket, the following software was used:
– for evaluation of the aerodynamic characteristics (in particular, coefficients of aerody-

namic drag) – Aerolab software system [24] (Fig. 3);
– for computation of the main flight parameters – Altimmex-SP2 software system [25] (Table 2).

Fig. 3. Dependence of frontal drag coefficient on the Mach number  
with operating (Powered) and switched off (Unpowered) rocket engine, as calculated  

with Aerolab software [24]

Table 2
Main parameters of the flight of K80 Meteo 7000 rocket calculated with Altimmex-SP2 
software [25]

Parameter Value

Altitude of the apogee, m 6656

Maximum velocity, m/s 569

Maximum g-force, units 16

Time to the apogee, s 31.9

Altitude of the shutdown of the engine, m 2385
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2. 5. Assumptions and simplifications of the study
The computational part contains the following assumptions:
1) parameters of the atmosphere are assumed to be static (according to [26]). The wind dis-

turbances are not considered;
2) the thrust profile of the engine is assumed the one obtained on the test bench during 

firing tests.
The experimental part of the study contains the following assumptions and simplifications:
1) the accuracy of the obtained experimental data is limited by the accuracy of components 

used in the OBEE;
2) absence of information on the ability of some of the components of the OBEE to operate 

in the conditions of high velocities and g-forces and influence of such conditions on the accuracy 
of their measurements. 

The research is limited to studying of behavior of OBEE components in the range of flight 
parameters of K80 Meteo 7000 rocket, which can be achieved according to its mass, size and power 
characteristics. The obtained experimental data are limited by only one experiment and require re-
production in experiments with the initial parameters as close as possible to the one provided here. 

2. 6. Basic data on the equipment used in the flight tests
The onboard electronics (Fig. 4) included the following devices for determining flight pa-

rameters at any given moment of time:
1) absolute pressure gauge – ASDXACX015PA2A5;
2) differential pressure gauge – HSCDRRT001PD2A3;
3) temperature sensor – LM35 Temperature Sensor;
4) 3-axis accelerometer of strong accelerations (up to 100 g) – AnalogDevices ADXL78 – 

Single-Axis, High-g, iMEMS® Accelerometer;
5) 3-axis accelerometer of small accelerations (up to 16 g) – as part of the BOSCH BMC150 

device – 12 bit 3-axis Accelerometer and 3-axis geomagnetic sensor;
6) 3-axis magnetometer – as part of the BOSCH BMC150 device – 12 bit 3-axis Accelero

meter and 3-axis geomagnetic sensor;
7) GPS receiver – FGPMMOPA6C.

Fig. 4. Onboard electronic equipment of the K80 Meteo 7000

The data from the sensors were processed in real time by specialized controllers. Further, 
data were formatted into telemetry blocks and transmitted to the ground telemetry receivers.  
The frequency of transmission of the telemetry blocks was 4 blocks per second during the flight 
and one block per second in the waiting mode. This was done with a 5-watt transmitter.

The fairing of the rocket was equipped with the receptor of the atmospheric pressure –  
a Pitot-Prandtl tube, the feeders from which were connected to gauges of absolute and differen-
tial  pressure.

Also, as supplementary means of acquisition data on the flight tests, the payload included two 
video cameras (for general view and nadir view), which recorded footage during the entire flight.  
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At the beginning of the flight of the rocket, video footage was taken also from the ground ob
servation stations.

3. Results and discussion
3. 1. Main results of flight tests
In the course of flight tests of the K80 Meteo 7000 rocket, it fully accomplished its mission. 

On all stages of the flight, the onboard electronics operated properly. For processing the data,  
MS Excel and Mathcad 15 software systems were used [27].

During the flight tests, the temperature sensor confirmed its normal performance by pro-
viding the output of the current temperature. However, the data appeared to be of low informative 
value because of the substantial lagging of its measurements and fast change of the flight para
meters of the rocket. At the same time, the stable stream of output from the sensor marks it as  
a promising option for long-term flights beyond the terrestrial atmosphere, where the conditions 
of the environment change less quickly.

Data from the GPS and GLONAS receivers were presented in the telemetry block – time 
mark, current coordinates, velocity and altitude. It can be noted that at considerable G-forces (>8 g) 
at the boost path of the flight, operation of receivers was unstable. Data on the velocity and altitude 
were close to data of other sensors only at the segments of steady-state subsonic flight. At the same 
time, marks of the time and current coordinates were provided accurately, but with a moderate lag.  
The point of landing of the rocket corresponded to the coordinates provided by both receivers.

The data from the absolute pressure gauge were generated during the entire flight of the 
rocket and are shown as a dependence of the absolute pressure on time (Fig. 5).

Fig. 5. Dependence of the absolute pressure on the time

On the grounds of [26], to each value of the absolute pressure, a corresponding geometric 
altitude was determined. The result of this processing is shown in Fig. 6.

Data from the absolute pressure gauge establish the following significant results:
– the altitude of the apogee is 6.375 m;
– the time of reaching the apogee is 31.7 s.
Fig. 6 shows that the descending branch of the trajectory has two linear segments with 

different inclination angles to the horizontal axis. This is explained as descend in the separated 
state and after deployment of the parachute. The point, at which the angle changes is at the altitude  
of 530 m, which is close to the value set in the sequence diagram. 

Fig. 6. Dependence of the altitude on the time
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Data of the differential pressure gauge (Fig. 7) can be considered correct only on the as-
cending branch of the trajectory. This is because on the descending branch, the Pitot-Prandtl tube 
constantly changes its angle relative to the incidental air flow, and it operates correctly only withing 
a certain range of angles of incidence.

Fig. 7. Dependence of the differential pressure on the time

The experimental data were transformed by establishing correspondence of each value of 
the differential pressure and Mach number according to [28]. For correction of the speed of sound 
with respect to the altitude, data of the absolute pressure gauge were used. The outcome of this data 
processing is shown in Fig. 8.

Fig. 8. Dependence of the velocity (m/s) on the time according to the differential pressure gauge 
and accelerometer of small accelerations

Data from the differential pressure gauge establish the following significant results:
– the maximum velocity is achieved at the end of the boost path of the trajectory and  

is 577 m/s (Mach 1.733);
– the time of reaching the maximum velocity is 5.87 (this corresponds to the time of the 

active (boosted) segment of the trajectory);
– the minimum velocity on the time interval [0 s; 32 s] is at 31.5 s from the time indicated 

by the liftoff sensor, which can be considered the passage of the apogee. The time of reaching the 
apogee estimated with the data from the absolute and differential pressure gauges match: 31.7 s  
and 31.5 s respectively.

Accelerometers of strong and small accelerations operated normally; their outputs were 
virtually the same along all axes. Since the maximum G-force for the K80 Meteo 7000 rocket 
achieved almost 12 g along the longitudinal axis Z and not more than 3.5 g along the transversal 
axes Y and Z. Data from the accelerometer of small accelerations were obtained for the entire flight 
segment. Since this accelerometer is more accurate, only its data are shown here (Fig. 9).

By integrating the data from the accelerometer of small accelerations along the X axis,  
let’s obtain the velocity on the boost segment of the trajectory. As can be seen from Fig. 8, the 
shape of the diagram of the velocity obtained by integration is close to the data collected from the 
differential pressure gauge.
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Fig. 9. Dependence of g-forces on the time, according to the data from the accelerometer  
of small accelerations

The three-axis magnetometer demonstrated normal operation. The data on the change of  
the roll channel corresponded to the pattern of the motion of the rocket, which was established with 
the help of the information obtained from two video cameras mounted onboard.

Table 3 shows the main flight parameters obtained as a result of flight tests compared  
to theoretical calculations.

Table 3
Main parameters of flight of K80 Meteo 7000 rocket obtained in a flight test in comparison with 
the computed ones

Parameter Computed value Experimental value 

Altitude of the apogee, m 6656 6375

Maximum velocity, m/s 569 ~580

Maximum g-force, g 16 Not exceeding 12

Time to the apogee, s 31.9 31.5–31.7

Altitude of engine’s shutdown, m 2385 1945

3. 2. Discussion
At the current stage, outcomes of the flight tests of the Meteo 7000 rocket demonstrated  

the possibility in principle to register certain flight parameters at a selected moment of time, which 
is a necessary condition of normal operation of the future attitude control systems of SOLVs.  
At the same time, some of the onboard sensors showed limited accuracy, substantial lag and inabi
lity to operate at strong G-forces (>8 g). The limitations shown by the GPS and GLONAS receivers 
and the temperature sensor are explained by the use of relatively cheap, commercially available 
devices. As limitations inherent in the research, testing of the onboard electronic equipment at the 
altitudes not exceeding 7 km and accelerations not exceeding 12 g can be mentioned. Besides, the 
collected information on the flight parameters needs testing for reproducibility, which is planned 
further on. Further improvement of components of the attitude control system requires a search for 
sensors with improved performance parameters. A potential complication here can be an increase 
of the costs of such devices.

The decision to separate the rocket, after its passage of the apogee, into the head and the 
rocket parts showed its effectiveness for reduction of the speed during the free fall. At the same 
time, this flight scheme represents complications for registering parameters of speed and G-force 
on the descending branch of the trajectory because of constant random changes of the positioning 
of the rocket. For this reason, data on the flight for the entire trajectory from the launch to land-
ing was successful only for the absolute pressure gauge, which is shown in Fig. 5, 6. Therefore,  
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for rockets with a higher altitude of the perigee, an option of multistage parachute rescue systems 
should be considered.

4. Conclusions
The main strategy of development of SOLVs in Ukraine must become their designing  

as «families». The «Rocketry Agency» project has proposed an initial variant of a family of SOLVs, 
which involves a gradual transition from small research rockets with the apogee of 2 to 7 km to 
rockets with the apogee above the Kármán line. Flight tests of K80 Meteo 7000 show successfulness 
of the practical implementation of the approach to development of the proposed family of rockets.

Having analyzed problems and tasks that emerge in connection with SOLVs, an initial va
riant of the onboard electronic equipment was designed, the components of which are the neces-
sary prerequisites for operation of SOLVs according to their intended purpose. As components 
of the onboard electronics, absolute and differential pressure gauges, three-axis accelerometers, 
temperature sensor, GPS and GLONAS receivers and a three-axis magnetometer were included.  
The K80 Meteo 7000 rocket was chosen as a platform for testing the onboard electronics.

A program was developed for testing components of the onboard electronic equipment 
mounted on K80 Meteo 7000. It included operation in the pre-launch mode and registration of the 
flight data in the boosted and passive segments of the trajectory. In the flight tests, a considerable 
amount of data was obtained on the parameters of motion of the K80 Meteo 7000 small research 
rocket. All main stages of flight tests were accomplished. Most components of the onboard elec-
tronics and the structure of the rocket showed their operability and performed their functions ac-
cording to the developed test program. The first stage of testing of the components of the orienta-
tion system, which is a part of the perspective control system of the SOLVs showed shortcomings 
in operation of some of the chosen sensors. These shortcomings include incorrect operation in 
segments with strong G-force.

Flight tests of the K80 Meteo 7000 rocket allow to assert that the calculated values of pa-
rameters correspond to the experimental data with a sufficiently high accuracy. The cause of the 
apogee altitude in the experiment being somewhat lower than the calculated one can be the dif
ference of the thrust profile of the engine from the one obtained in the firing test and the assump-
tion of static parameters of the Earth’s atmosphere used in computations.

Conflict of interests
Authors declare that they do not have conflicts of interests related to this research, includ-

ing such of financial or personal nature, authorship or any other nature, that could influence the 
research and its results presented in this paper.

Financing
This research was financed by the organization named Space Lab Noosphere Engineer-

ing  School.

Availability of data
The data can be provided upon a grounded request.

References
[1]	 Puri, R., Noga, T. (2020). Microgravity, atmosphere sounding, astronomy, technology validation – an overview of suborbi

tal rockets’ missions and payloads. International Journal of Space Science and Engineering, 6 (2), 179. doi: https://doi.org/ 
10.1504/ijspacese.2020.10032480 

[2]	 Noga, T. (2021). Suborbital rockets in safety & defense applications. Safety & Defense, 7 (2), 65–79. doi: https://doi.org/ 
10.37105/sd.146 

[3]	 NASA Sounding Rockets User Handbook. Sounding Rockets Program Office. Suborbital and Special Orbital Projects Di
rectorate. Available at: https://sites.wff.nasa.gov/code810/files/SRHB.pdf

[4]	 NASA Sounding Rockets Annual Report 2022. National Aeronautics and Space Administration. Available at: https://sites. 
wff.nasa.gov/code810/files/Annual%20Report%202022_web.pdf



Original Research Article:
full paper

(2023), «EUREKA: Physics and Engineering»
Number 5

78

Engineering

[5]	 MT-135/MT-135P Meteorological Sounding Rocket. IHI Aerospace Co., Ltd. Available at: https://www.ihi.co.jp/ia/en/ 
products/space/mt-135_mt-135p/index.html

[6]	 Giono, G., Ivchenko, N., Sergienko, T., Brändström, U. (2021). Multi-Point Measurements of the Plasma Properties Inside an 
Aurora From the SPIDER Sounding Rocket. Journal of Geophysical Research: Space Physics, 126 (7). doi: https://doi.org/ 
10.1029/2021ja029204 

[7]	 Kopp, S., Krüger, M., Feldmann, S., Oltmann, H., Schütte, A., Schmitz, B. et al. (2018). Thyroid cancer cells in space during 
the TEXUS-53 sounding rocket mission – The THYROID Project. Scientific Reports, 8 (1). doi: https://doi.org/10.1038/ 
s41598-018-28695-1 

[8]	 Pletser, V., Migeotte, P. F., Legros, J. C., Deneyer, B., Caron, R. (2016). The Suborbital Research Association: Using Subor-
bital Platforms for Scientific and Student Experiments. Microgravity Science and Technology, 28 (5), 529–544. doi: https:// 
doi.org/10.1007/s12217-016-9502-0 

[9]	 Vela, J. A., Lindquist, R., Andrijauskaite, K., Llanos, P. J. (2017). Operations and Testing of a Suborbital Research Payload. 
AIAA SPACE and Astronautics Forum and Exposition. doi: https://doi.org/10.2514/6.2017-5135 

[10]	 Brisset, J., Heißelmann, D., Kothe, S., Weidling, R., Blum, J. (2013). The suborbital particle aggregation and collision ex-
periment (SPACE): Studying the collision behavior of submillimeter-sized dust aggregates on the suborbital rocket flight  
REXUS 12. Review of Scientific Instruments, 84 (9). doi: https://doi.org/10.1063/1.4819443 

[11]	 Joop, O. (2017). Sounding rocket and ballon research activities within the German space program 2015–2017. 23rd ESA Sym-
posium on European Rocket and Balloon Programmes and Related Research. Visby. 

[12]	 Slongo, L. K., Reis, J. G., Gaiki, D., Seger, P. V. H., Martínez, S. V., Eiterer, B. V. B. et al. (2019). Pre-flight qualifica-
tion test procedure for nanosatellites using sounding rockets. Acta Astronautica, 159, 564–577. doi: https://doi.org/10.1016/ 
j.actaastro.2019.01.035 

[13]	 Pakosz, M., Noga, T., Kaniewski, D., Okninski, A., Bartkowiak, B. (2019). ILR-33 Amber Rocket – Quick, Low Cost and 
Dedicated Access to Suborbital Flights FOR Small Experiments. Conference: 24th ESA Symposium on European Rocket & 
Balloon Programmes and Related Research. Essen.

[14]	 Hargaten, D., Wieland Naumann, K. (2018). Trajectory and control systems design for a hovering mesopause probe. 69th 
International Astronautical Congress. Bremen. Available at: https://www.researchgate.net/publication/329558628_Trajecto-
ry_and_control_systems_design_for_a_hovering_mesopause_probe

[15]	 Zhou, L., Sheng, Z., Fan, Z., Liao, Q. (2017). Data Analysis of the TK-1G Sounding Rocket Installed with a Satellite Navigation 
System. Atmosphere, 8 (10), 199. doi: https://doi.org/10.3390/atmos8100199 

[16]	 Kobald, M., Schmierer, C., Fischer, U., Tomilin, K., Petrarolo, A. (2018). A Record Flight of the Hybrid Sounding Rocket 
HEROS 3. Transactions Of The Japan Society For Aeronautical And Space Sciences, Aerospace Technology Japan, 16 (3), 
312–317. doi: https://doi.org/10.2322/tastj.16.312 

[17]	 Kobald, M., Fischer, U., Tomilin, K., Petrarolo, A., Schmierer, C. (2018). Hybrid Experimental Rocket Stuttgart: A Low-Cost 
Technology Demonstrator. Journal of Spacecraft and Rockets, 55 (2), 484–500. doi: https://doi.org/10.2514/1.a34035 

[18]	 Romero-Alva, V., Ramos, S., Mercado, A., Roman-Gonzalez, A. (2022). Development of a CanSat as part of the UCH univer-
sity space program (INCA Program). International Astronautical Congress - IAC 2022. Paris. 

[19]	 Kulyk, O., Dron, M., Solntsev, V., Klymenko, S., Proroka, V., Yemets, V. (2021). Ways of Improvement of Suborbital Launch 
Vechicles. 72th International Astronautical Congress. Dubai.

[20]	 Proroka, V., Dron, M., Kulyk, O., Solntsev, V., Klymenko, S., Dobrodomov, A. (2022). Perspectives for the use of new solutions 
in the creation of suborbital launch vechicles. 73th International Astronautical Congress. Paris.

[21]	 Kositsyna, O., Varln, K., Dron, M., Kulyk, O. (2021). Determining energetic characteristics and selecting environmentally 
friendly components for solid rocket propellants at the early stages of design. Eastern-European Journal of Enterprise Tech-
nologies, 6 (6 (114)), 6–14. doi: https://doi.org/10.15587/1729-4061.2021.247233 

[22]	 Kositsyna, O. S., Dron’, M. M., Yemets, V. V. (2020). The environmental impact assessment of emission from space launches: 
the promising propellants components selection. Journal of Chemistry and Technologies, 28 (2), 186–193. doi: https://doi.org/ 
10.15421/082020 

[23]	 Kulyk, A. V., Zheltov, P. N., Klymenko, S. V., Chabanov, V. V. (2021). Automated system of contactless ultrasound nonde-
structive quality control of solid fuel rocket engines from composite materials. Kosmìčna Nauka ì Tehnologìâ, 27 (3), 76–84.  
doi: https://doi.org/10.15407/knit2021.03.076 

[24]	 Rocketry software. Richard Nakka’s Experimental Rocketry Web Site. Available at: https://www.nakka-rocketry.net/ 
softw.html

[25]	 Altimmex-sp2. Creating an amateur rocket and everything you need for it. Verified information. Personal site. Available at: 
http://kia-soft.narod.ru/soft/rpro/axsp2/ALTIMMEX-SP2.rar



Original Research Article:
full paper

(2023), «EUREKA: Physics and Engineering»
Number 5

79

Engineering

[26]	 ISO 2533:1975/Add 2:1997. Standard Atmosphere – Addendum 2: Extension to – 5000 m and standard atmosphere as a function 
of altitude in feet. Available at: https://www.iso.org/ru/standard/7474.html

[27]	 Mathcad: math software for engineering calculations | mathcad. Mathcad: Math Software for Engineering Calculations | Math-
cad. Available at: https://www.mathcad.com/en

[28]	 Equations, Tables, and Charts for Compressible Flow. Report 1135. Available at: https://www.nasa.gov/sites/default/files/
734673main_Equations-Tables-Charts-CompressibleFlow-Report-1135.pdf

© The Author(s) 2023
This is an open access article  

under the Creative Commons CC BY license

Received date 29.03.2023
Accepted date 19.09.2023
Published date 29.09.2023

How to cite: Proroka, V., Dron, M., Kulyk, O., Solntsev, V., Klymenko, S. (2023). Evaluation of the results of the flight tests of the 
small research rocket K80 Meteo 7000 on the way to the creation of the Ukrainian family of suborbital launch vechicles. EUREKA: 
Physics and Engineering, 5, 67–79. doi: https://doi.org/10.21303/2461-4262.2023.003106


