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SUMMARY

Rybalka A Dynamics and strength of nanosatellite Pol\W#2aB8AU under
stage of flyingi Qualification scientific work manuscript copyright.

The dissertation for the candidate of technical sciences degree in the specialt
05.02.097 dynamics and strength of machitiedlational Technical University of
Ukr ai ne Al gor Si kor sky Kyi v Pol yt echi
Science of Ukraine, Kyiv, 2018

The paper deals with a set of tasks related to strong and dynamic analysis, as
whole of thespacecraft (SCas well as its individual elements at different stages of
the life cycle. It is noted that during ground workout for determining the strength and
dynamic characteristics of tf&C used calculation, experimental and calculation and
experimental methods warious combinations. The basic types of loads acting on the
SCduring the output stage are given.

The standards of durability &Care analyzed. It is noted that current norms of
analysis of dynamics and durability in the desigrE@finclude strict restctions to
simulation models, methods for studying dynamic characteristicss@assstrain

stateat the effect of harmonic, random and shock loads.



It is shown that the internationally accepted methodology of analysis of
dynamics and strength &C reptesents an iterative process, which involves the use
of both computational and experimental methods. Due to the complexity of the
constructive execution of the investigated objects, the finite elements mé&tEbl) (
is widely used here, which, by virtue ofsinumerous advantages, supplanted
practically all other methods of calculating the dynamics and durabilBCof

The feature ofSCis the use of thikwalled structures. For the analysis of the
dynamics and strength of such structures, the methods dhéloey of elasticity,
plates and shells, the theory of oscillations, etc. are usually used. In the case of tt
application of ITU, commonly used beam and lamellar finite eleméifs (Vhen
determining the amplitudequency characteristics of aircraftarger rockets,
manned and automati8C, beam models are often used, which is detailed in the
works of Rabinovich, Zaretsky, Kolesnikov. To analyze the probabilistic
characteristics of thstressstrain statef the structural elements of tIs€, the use b
the spectral method is regulated. He acquired development in the works of V.V.
Bolotina, V.L. Biderman, VP Makeev, SV Petinova, V.A. Svetlitsky and other
scholars.

It is noted that the current trend of development of ultralow CA requires
reducing the cdsand time of creating new KAs. Therefore, acatled "overthe-art
design" method was developed, where the creation of new and modernization o
existingSCsis carried out iteratively using engineering software complexes and with
the use of a shortenedogram of vibration dynamical testing 8C.

A description of the design process for the design oh#mmsattelite (NSand
the formulation of the problem of research strength of the HC in the stage of
withdrawal is made. The process of creating a rational design of the National
Assembly is iterative. The mechanical component here is implemented according t
the scheme "bm simple to complex”. At the beginning, the simplified conceptual
model of the National Assembly is considered, which is consistently refined and
complicated. At each stage of the design of the spacecraft, a full cycle of strength an
dynamic research isarried out. The final working version of thé&S POLYITAN-2-

9



SAU includes a set of functionally related systems (power supply, control, orientation
and stabilization, telemetric control, provision of thermal regime, radio engineering
and collection of scidific information), which are located on the carcass. Tig& N
frame is a rigid frame made of aluminum alloy D16. To provide power to all
equipment of théNS is a power supply syster$S. ThePPSsources of electricity
replenishment photoelectric conveetrs. Their unification into a single system forms
solar panels (8. The following sensors are installed on POLYITRMNAU: a
magnetometer (for orientation on the magnetic field of the Earth), solar sensors
(when oriented to the Sun), and inertial senqdorsgoscopes) that determine the
deviation of the NA relative to the inertial coordinate system. As actuators of SOS on
the NC, electric rollers (magnetic stabilization) are used, which are located on the
outer panels of the NA and the electromagnet fongimg the kinetic moment and,
respectively, the longitudinal axial rotation of tN&. The functional purpose of the

NS Polythene2-SAU is to study the lower thermosphere in the range of-2880

km. This task is performed by the scientific module FIPEX.

The strength of th&lS during the output stage shall be provided by the effect
of quaststatic overloads, harmonic and random vibrations in the direction of three
mutually perpendicular longitudinal and transverse axes X, Y, Z. The minimum
permissiblenatual frequency of the oscillations of tHéS shall not be less than 90
Hz. Parameters of operational qussitic overloads, harmonic and random vibrations
are given in the technical specification for the manufacture of AC. Harmonic and
random vibrations ar transmitted to the 8lfrom the transport container-FOD
through the supporting surfaces.

The results of computational studies of dynamic characteristics and NDS of
constructive elements of the state of emergency under the influence ofstui@si
overloads, harmonic and random vibrations at the output stage on the basis of a sing
discrete simulation modeBi/) are presented.

When creating th&M of theNS and its discrete analogue, the elements of the
NA, whose contribution to ensuring the strengtid amgidity of the NS power

structure are insignificant, are excluded from consideration, such as a mounting
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element, sun sensors, a magnetometer, etc. The masses removed from tl
consideration of the sensors of the sun and the magnetometer are takeconota a
with the help of uniform "smearing" on the corresponding surfaces of contact with
the bearing frame. The weight of the fastener is taken into account by increasing th
density of the bearing frame. The scientific module (FIPEX) is simpler. Antenna
module is approximated by a plate for which geometric sizes and mass are preserve
PSSboards are presented in the form of plates with corresponding masses.

The main purpose of the development ofFBM at the design stage is to
conduct a preliminary modanalysis, to assess the structural strength under the
action of harmonic and random vibration, and to create the basis for the experimente
elaboration of the strength and reliability of th8.

The development oNS FEMis an iterative process. At the geaof sketch
design of the National Assembly the calculations for durability using separate local
models of its constructive elements were carried out. As a load at this stage, quas
static overloads were used taking into account the relevant safetysfactor

In the process of designing the bulla a gené&taM of the assembly was
developed. Carried out corrective calculations using egtaic overloads, germic
and random vibrations, taking into account real boundary conditions at the output
stage.To create the~FEM, volumetric, plate and beam finite elements were used.
FEM was created in the ANSYS software package.

The flight stage is the most difficult for the design of tN& in terms of
strength due to the extreme loads that change duringighe &f thelaunch vehicle
and operate simultaneously. Quasistatic overload, harmonic and randommoribra
reach the largest valu@s the atmospheric flight segment and act simultaneously. In
the analysis of strength, this is taken into account by contpistiatic and dynamic
loads. Regulatory documents provide 2 ways of combining: linear and quadratic. The
combinatian means adding maximal valuelsvon Mises equivalent stresses.

The generally accepted ideology®€ design involves taking into account the
safety factors in the analysis of strength. The safatyors are introduced to

compensate for inaccuracies in determining loads, operating conditions, calculatior
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methods, etc. The safety factors are calculated according to the standards of tf
EuropeanSpace Agency for operating and calculation loads. It should be noted that
when analyzing the strength of electronic boards made of composite materials ir
accordance with the recommendations of normative documents, additionally took
into account the overéal factor.

In the analysis of the strength of the structural elements of $eaNinear
combination of loads was used in connection with the large output values of
equivalent stresses in relation to the quadratic combination.

As a result of the analysisf the bearing capacity of the PolyltafSAU, it
was established that its strength at the output stage is ensured.

The results of experimental studies showed significant differences in the
receivedamplitudefrequency characteristigg®\FC) constructive elements of th¢S
with the estimated data. Therefore, according to the recommendations of- GOST
565142015 and ECS%-HB-32-26A, the FEM was further verified by frequency
characteristics. The verification BEM is performed by varying thegid parameters
of finite elements that model the mounting of the attachments to the casing, the joint
of the casing, the specific features of the design. Also, the geometric parameters ¢
the structural elements were refined.

For verification, based on e¢hcomplete 3D model of thdS a "verification"
geometric model and ItBEM are created. On the basis of the obtained results, the
FEM of the NS was verified. The verification was to vary the rigidity of contact
elements in thdcEM and to specify the dammncoefficients. In the verification
calculations carried out, the conditions of loading and the boundary conditions for the
verified FEM NS correspond to the previously accepted.

As a result of the numerical received AFC, the distribution of equivalamt
Mises stresses under the action of harmonic and random loading.

According to the results of the verification of tREM, it has been established
that the own frequencies of the oscillations of the orientation system shifted down by
about 100 Hz. The loweself-oscillation frequency is 222 Hz, which corresponds to

the results of the experimental study.
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In the case of the action of harmonic vibrations, the most critical case is the
case of a load on the axis X. Here, the maximum stresses occur in the qirtiper
carrier frame near the orientation system brackets. The value of the maximun
stresses is 28.39 MPa. The maximum stresses in the case of the loading $bthe N
random vibrations are observed in the jumper of the carrier frame near the mounting
brak et of the orientation system. | n t |
MPa.

Keywords: strength nanesatellites, random vibration, harmonic vibration,

finite element method, the method of modal coordinates, dynamics and durability.
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X: Hormonic Response ¥ 100-125

Equivalent Stress

Type: Equivalent (ven-Mises) Sress - Top/Bottorn
Frequency: 125. Hr
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Scale Factor Value: 3 Sigma
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Unit: MPa
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