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ABSTRACT of Ph. D. THESIS

Modem alloys used in space applications are intended to work in extreme conditions:
high wvacuum, large temperature changes, space radiation, and mechanic stress (high
acceleration and vibrations), which have a potential influence on material’s properties. The
objective of the present PhD thesis is a new material created in ““Space Materials Science™
department of SRTI-BAS, an alluminium alloy with a quantified amount of Ultradisperse
Diamond Powder (UDDP) and tungsten (W).

The project was carried out in cooperation with a leading space state on the Russian
Modul of the International Space Station (ISS). The samples of the new allow were integrated
into the DP-PM block of the OBSTANOVKA experiment.

DP-PM block is an aluminium allow container (185 x 70 x 20 cm). Inside the container,
there are ten test samples milled from the UDDP-W-modified B-95 aluminium allow.

After being exposed for 28 months on the outer side of the ISS, the DP-PM block was
taken back to Earth and the parameters of the samples were measured:
. Microbilogical — microbial contamination was measured

. Structural analysis — Scanning Electron Microscope (SEM), X-Ray Diffraction
(XRD), Atomic Force Microscopy (AFM)

- Mechanical analysis — hardness tests, microhardness, nanohardness, Young
modulus, strength tests

. Physico-chemical analysis — X-ray Photoelectron Spectroscopy (XRS), Energy
Dispersive X-Ray Analysis (EDX)



After an extensive range of measurements, it is possible to elucidate the mechanisms
leading to structural changes in the crystal structure of the material and it’s mechanical
degradation that result from ionizing radiation bombardment and cyclic large temperature
changes. The most general conclusion is that these two most important space environmental
factors are acting largely in synergism—radiation is creating defects in the crystal structure of
the material, and temperature oscillations decrease the activation energy of diffusion. As a
result, a specific migration of different chemical components of the alloy occurs. The atoms’
migration leads to the appearance of new crystal phases that change the initial properties of the
material. In comparison with the on-earth control samples, the hardness of the exposed samples
1s decreased, but their elasticity is increased.

Al.l by3exkoBa — IlenkoBa Auna (2013). Ilporpama m MeToaAMKA 3a INMPOBEKIaHe HA
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Technologie aérospatiale

INFLUENCE OF THE OUTER SPACE ON NANOHARDNESS
PROPERTIES OF AL-BASED ALLOY

Anna Bouzekova-Penkova, Korneli Grigorov,
Maria Datcheva®, Cicero Alves Cunha™*
(Submitted by Corresponding Member Ch. Stoyanov on June 17, 2016)

Abstract

In this paper we present a study on the mechanical properties of aluminium
alloy, particularly on the nanohardness determined by nanoindentation. The
tests are performed onto samples, exposed to the outer space conditions and
such that were kept in terrestrial ones. It is evidenced that the absorbed high
radiation dose leads to partial crystalline structure degradation, the latter lead-
ing to a significant decrease in the hardness test.

Key words: indentation hardness, indentation modulus, gamma-radiation,
crystalline structure



B4.1 Bouzekova-Penkova Anna, Peter Tzvetkov (2019) Investigation of outer space
influence on structural properties of strengthened 7075 aluminum alloy. Experiments
onboard the international space station (ISS), Comptes rendus de I’Acade'mie bulgare
des Sciences, Vol 72, No7, pp. 939-946; ISSN1310-1331, DOI:
10.7546/CRABS.2019.07.12, SNIP-0.218, SJR - 0.218, IF — 0.343, Web of science - Q4;
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INVESTIGATION OF OUTER SPACE INFLUENCE ON
STRUCTURAL PROPERTIES OF STRENGTHENED 7075
ALUMINUM ALLOY. EXPERIMENTS ONBOARD THE
INTERNATIONAL SPACE STATION (ISS)

Anna Bouzekova-Penkova, Peter Tzvetkov™

(Submitted by Corresponding Member P. Velinov on May 21, 2019)

Abstract

A new type of composite based on the high-tensile aluminum alloy 7075
strengthened with nanoparticles of diamond powder and tungsten is developed.
The resulting new composite was stored in two different environmental condi-
tions for 28 months. One sample was stored on Earth at room temperature
and second one was mounted on the outer side of the International Space Sta-
tion. The effect of outer space on the microstructure of this new alloy was
investigated by means of powder X-ray diffraction (XRD), X-ray photoelectron
microscopy (XPS) and EDAX microprobe analysis.

Key words: aluminum alloy (7075), cosmic ray and gamma radiation,
crystalline structure, X-ray diffraction, X-ray photoelectron microscopy (XPS)
and EDAX microprobe analysis

B4.2 Anna Bouzekova-Penkova, Yordan Mirchev (2020) Destructive and nondestructive
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DESTRUCTIVE AND NONDESTRUCTIVE TESTING
OF THE MECHANICAL PROPERTIES OF ALUMINIUM
ALLOY ENHANCED BY NANODIAMOND
AND TUNGSTEN EXPOSED IN THE OUTER SPACE

Anna Bouzekova-Penkova, Yordan Mirchev*

(Submitted by Academician V. Sgurev on March 9, 2020)

Abstract

In this paper we present a study on the mechanical properties of nanodi-
amond enhanced tungsten strengthened aluminium alloy 7075, stored for 28
months under different conditions. One of the samples was stored in terrestrial
conditions and the other sample was mounted on the outside of the Interna-
tional Space Station for the same period. The purpose of the experiment is to
determine tensile strength, Young’s modulus and PoissonsB™s ratio using dif-
ferent testing procedures and to compare the results with those obtained using
the ultrasonic volumetric method.

Key words: aluminium and alloys, nanodiamond, ultrasonic volumetric
method, tensile strength, outer space structures

B4.3 Anna Bouzekova-Penkova, Silviya Simeonova, Rositza Dimitrova, Rayna
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STRUCTURAL PROPERTIES OF ALUMINIUM ALLOY
ENHANCED BY NANODIAMOND AND TUNGSTEN
EXPOSED IN THE OUTER SPACE

Anna Bouzekova-Penkova, Silviya Simeonova™, Rositza Dimitrova™™,
Rayna Dimitrova™™*™*

(Submitted by Corresponding Member P. Velinov on June 19, 2020)

Abstract

In this paper we present a study on the structural properties of nanodi-
amond enhanced tungsten strengthened aluminium alloy 7075, stored for 28
months under different conditions. One of the samples was stored in terrestrial
conditions and the other sample was mounted on the outside of the Interna-
tional Space Station for the same period. The effect of the outer space on the
microstructure of this new alloy was investigated by light microscopy (LM),
Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFNM).

Key words: aluminium alloy (7075), cosmic ray and gamma radiation,
microstructure, light microscopy (LM), Scanning Electron Microscopy (SEM),
Atomic Force Microscopy (AFNM)
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STRUCTURAL AND MECHANICAL PROPERTIES
OF GLASS-CARBON COATINGS AFTER AN EXTENDED
STAY ON THE INTERNATIONAL SPACE STATION (ISS)

Dimitar Teodosiev, Anna Bouzekova-Penkova, Korneli Grigorov,
IRumen Nedkov I, Peter Tzvetkov*, Boyko Tsyntsarski**,
Angelina Kosateva®™*, Stanislav Klimov***, Valery Grushin™**

(Submitted by Corresponding Member P. Velinov on October 6, 2020)

Abstract

In this paper we present a study on the structural and mechanical proper-
ties of glassy-carbon coatings applied to graphite samples, stored for 28 months
under different conditions. One of the samples is stored in terrestrial conditions,
and the other sample is mounted on the outside of the International Space Sta-
tion for the same period. The effect of outer space on glass-carbon coatings
was examined by powder X-ray diffraction (XRD), Raman spectroscopy and
nanoindentation.

A weak diffuse XRD reflex of the amorphous glassy carbon layer is observed
in all samples at 17° 26. The disordered nature of the layer is also confirmed
by Raman spectroscopy, as the collected spectra are typical for glassy carbon
material. No change in the structure of the glassy carbon layers due to stay at
ISS was observed.

The glassy-carbon coatings deposited onto graphite substrate can be suc-
cessfully used for electrical field ionosphere measurements.

Key words: glassy carbon, cosmic ray and gamma radiation, X-ray
diffraction, Raman spectroscopy and indentation hardness
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SOME AEROSPACE APPLICATIONS OF FUNCTIONALLY
GRADED MATERIALS

Adelina Miteva, Anna Bouzekova-Penkova”
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Keywords: Functionally Graded Materials, Properties of Functionally Graded Materials,
Composites, Areas of Applications of Functionally Graded Materials, Aerospace Applications of
Functionally Graded Materials

Abstract
Functionally graded materials (FGMs) are currently the subject of great and ever-growing

interest fiom industry and science, and are widely used due fto their advantages. These advantages
are due fo their unique properties and, therefore, their many actual and potential applications in
various fields of industry, science and everyday life. In this literature review paper, we will briefly
focus on some of the propeities of FGMs and on some of the existing and expanding fiture
applications of FGM in aerospace and related industries. A critical discussion is presented. Possible
future expansion of work in this area is being considered.

B4.6 Anna Bouzekova-Penkova, Silviya Simeonova (2022) AFM analysis of aluminium
alloy 7075, Aerospace Research in Bulgaria, Vol 34, pp.157 — 164; ISSN 1313-0927, Web
of science - Q4
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AFM ANALYSIS OF ALUMINIUM ALLOY 7075
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Keywords: Atomic Force Microscopy (AFM,) aluminium alloy 7075, cosmic ray and
gamma radiation.

Abstract
In this paper we present the results of atomic force microscopy (AFM) characterization of

the surface moiphology new type of composite based on the high-tensile aluminum alloy 7075
strengthened with nanoparticles of diamond powder and tungsten is developed, stored for 28 months
under different conditions. One sample was stored on Earth at room temperature and second one was
mounted on the outer side of the International Space Station.
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SOME AEROSPACE APPLICATIONS OF 7075 (B95) ALUMINIUM
ALLOY

Anna Bouzekova-Penkova, Adelina Miteva
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Keywords: Aluminiwm allovs, Afuminium 7075 /7 B95 alloyv, Aluminium Trxxex allovs,
Applications, Aerospace applications of 7075 (BY3) alloy

Abstract

Nowadavs, aluminiwm allovs are c:t_,l"gn‘:-n'mg interest o scientists and are widely used in
aerospace and allied indusiries due fo their inherent lighiness, high sirength fo weight rario, excellent
thermal and electrical conductance, good reflectivity and low working cost. Among the conventional
structural materials used in aerospace applications aluminium allovs are frontrunners. This is due 1o
the ability quade’nr aluminium alloys fo achieve unigue combination of properies, through alloving
and hear freatment, fatlored fo parficular applications. Afuminium alloy 7075 (B93) is a high-
strength alloy that works in extreme conditions and s wsed in modern construction of aircrafl,
spacecrafl and sarellites.

I this mini-review, we will B'rre:.l'i‘frjbc‘u.t O Seme q.l“!he existing and growing applications
qf.tame Frxx aluminium allovs, in particular 7073 (B93), in the aerospace industry. Possible opiions
Jor continuing work in this area are considered, and some Bulgarian developments are presented.

B4.8 Bouzekova-Penkova Anna, Stanislav Klimiv, Valery Grushin, Olga Lapshinova,
Denis Novikov (2023) Space Experiment ""Obstanovka (1 - stage)", block DP - PM of the
Russian segment of the International Space Station (ISS), Aerospace Research in
Bulgaria, Vol 35; SJR-0.06; Scopus - Q4

Bulgarian Academy of Sciences. Space Research and Technology Institute.
Acrospace Research in Bulgarna. 35, 2023, Sofia

SPACE EXPERIMENT “OBSTANOVKA (1-STEP)", BLOCK DP - PM ON
THE RUSSIAN SEGMENT OF THE INTERNATIONAL SPACE STATION
(ISS)

Anna Bouzekova-Penkova', Stanislav Klimev', Valery Grushin®, Olga Lapshinova’,
Denis Novikov

{Space Research and Technology Institute — Bulgarian Academy af Sciences
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? Space Research Institute - Russian Academy of Sciences
e-mail: sklimov(aiki rssi ru, verushini@iki rssi.ru, alga. lapshinoval@rsce.ru,
dnovikoviaikirssi.ru

Abstract

In the presemted work s described the methodology for conducting the technological
experiment DP-PM, which is part of the space experiment "Obstanovka 1-step™. The DP-PM block was
installed on the Russian Segment of the International Space Station in the period from 04192013 1o
D8A2015. The purpose of the experiment is 1o study the effect of outer space on the properties of
graphite samples with a glassy carbon coating and samples of B9Y5 (T073) aluminium alloy with a
guicntitative additton of wltradisperse diamond powder and tungsten after a long stay in near Eavth arbir.

Keywords: aluminium, aluminium alloys, glassy carbon, International space staffon (155),
Sfundamental and applied space research
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Refuse-derived fuel based cobalt catalysts for hydrogen
production

Boyko Tsyntsarski'®, Ivanka Stoycheva'*, Georgi Georgiev', Nartzislav Petrov!,
Angelina Kosateva', Bilyana Petrova', A. Bouzekova-Penkova®,
Tanva Tsoncheva', Gloria Issa’
Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., BL.9, 1113 Sofia, Bulgaria
Space Research and Technology Institute, Bulgarian Academy of Sciences, Acad. G. Bonchev str.,

BL.1, 1113 Sofia, Bulgaria

Absiract

Refuse-derived fuel (RDF) is a mixed industrial waste, which often contains com-
bustible materials (cellulose, polymers, rubber, biomass, etc.). The RDF waste precursor is
subjected to thermo-oxidation treatment at 300 °C, followed by carbonizations at 600 “C,
and high temperature hydropyrolysis at 800 “C. The obtained nanoporous carbon material
was subjected to detailed characterization by low temperature nitrogen sorption, elemental
analysis, ete. Carbon derived from RDF is distinguished by micro/mesoporous texture and
moderately high surface area (650 m” g''). The catalyst obtained is tested in the process of
methanol decomposition, leading to production of hydrogen as a fuel. The influence of the
physico-chemical characteristics of the synthesized carbon on the catalytic activity of car-

bon based cobalt catalyst is studied.

Key words: RDF fuel, nanoporous carbon, catalyst supports
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INVESTIGATION OF GLASSY CARBON COATING DEPOSITED ON
TITANIUM ALLOY: MICROSTRUCTURE AND MECHANICAL
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ABSTRACT

The deposition of glassy carbon coating on the widely applied in implantology
titanium alloy - T1 6% 4Al, 1s performed by a novel original thermo-chemical method,
developed 1n the Bulgaran Academy of Sciences. The deposition of glassy carbon
was carried out in a protective inert environment of argon at high temperature around
1000*C. The combination of biocompatible carbon containing coating and
biocompatible titanium alloy represents an innovative implant material for medical
use. An important aspect of the new material development process is the study of the
mechanical properties and microstructure. Therefore, the microstructure and the
mechanical characteristics of the obtained composite biocompatible material,
consisting of titanium matrix and glassy carbon coating, were studied in the present
work. The microstructure of the coating and its elemental composition were
examined by metallographic microscope and by SEM-EDS analysis. Mechanical
tests have also been performed in order to determine and compare the ultimate tensile
strength and tensile yvield strength of titamum alloy samples with and without glassy
carbon cover. The hardness and the modulus of elasticity of the considered materials
are determined by instrumented indentation technique.

KEYWORDS: biocomposite, titanium alloys, glassy carbon coating/laver/,
microstructure, tensile strength
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Tosu ¢akm mnamupa cBoemo obscuenue 8 usnosszBanume gBa
MOgeaa Ha Mexanusma Ha gucnepchomo yskuaBane: B nupBus mogea
Ha Ancea u Aedes ce npegnoaaza, ue BsaumogelicmBucmo Ha
gucaokayuume c¢ ysKvaBawume wmampuuama vacmuuu Bogu kum
omMmecmBane H2 YacmuyuMeE UAU MAXHOMO paspyweHue.
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CHHTE3 HA YJITPAIWUCHEPCEH JIMAMAHTEH INMPAX OT CBO-
BOOHWA BBIJIEPOO HA B3PUBHH BEIIECTRA: UBCJIEJBAHMS
M OBJIACTH HA INPHUIJIOXKEIIME

C.51. CTABPEB, A. 1. BY3EKOBA, JI. . MAPKOB,
0. C. KAPAJIDKOB, A.TT. TIETPORA

SYNTHESIS OF ULTRADISPERSE DIAMOND POWDER FROM THE
FREE CARBON OF EXPLOSIVES: PROPERTIES AND FIELDS OF
APPLICATION

S. Y. STAVREV, A. D. BOUZEKOVA, L. G. MARKOV,
J. S. KARADJOV, A. P. PETROVA

In the present paper the technology for the synthesis of ultradisperse diamond pow-
der realized in SRI-BAS is described. Diamond is prepared by a diffusion limited
crystal growth from the free carbon of explosives with a negative oxyger balance.
The results from the investigation of the so obtained diamond powders are ‘pre-
sented: their morphology, electrical, thermical. and mechanical properties. The
fields of application of this new material are discussed: the already developed tech-

nologies and the perspactive ores.

Key.-worll.\': diamond, carbon like materials, (’DDDP
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AMIE CHod

Practical Applications of Some
Nanostructures in Advanced
Mechanical Engineering Technologies

Adelina Miteva, Anna Bouzekova-Penkova

Abstract. The purpose of this review is to introduce briefly the semiconductor
nanostructures, namely quantum dots. quantum wires, quantum wells and
superlattices. We show some of the numerous practical applications of these
nanostructures in advanced mechanical engineering technologies.

Key words: nanotechnology, semiconductor nanostructures, quantum wells.
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ABOUT THE PROPERTIES OF SOME NANOSTRUCTURES WITH UNIFORM
ELECTRIC FIELD PRESENCE

Anna BOUZEKOVA-PENKOVA

Abstract: Electron and hole states in semiconductor nanostructures (graded composition
quantum wells) exposed to electric field perpendicular to the layers have been calculated as well as
the energies of the main optical transitions without and with applying a constant electric field. The
quantum wells under study are of linear graded composition profile structures. The aim of this study is
the comparison of these quantum wells in the presence of an electric field. A comparison with the
experimental data available for these quantum wells has been made.The abstract should be in 10pt
Arial, Italic, Justified — not more than 6 lines long, summarising the work and placing it in an appropriate
context.

Key Words: semiconductor nanostructures, linear quantum wells, constant electric field,
quantum confined Stark effect, electronic structure
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ON THE STRENGTHENING OF ALUMINIUM AND ALUMINIUM ALLOYS

Anna Bouzekova-Penkova, Adelina Miteva ]
Space Research and Technology Institute, Bulgarian Academy of Sciences,
Acad. Georgy Bonchev Str., bl. 1, 1113 Sofia, Bulgaria
e-mail: a_bouzekova@abv.bg; ad.miteva@gmail.com

Abstract: Nowadays nanostructured metals, alloys and compositc:f are the subje.ct of great
interest. This is mainly due to their actual and potential applications in various ﬁ;ldsf of industry and
everyday life. In this paper we review the main existing reinf(_}rcements responsible for
strer;gth};uiug of aluminium and aluminium alloys. A comparison 'nf the obfamed results w1'Eh the
available in the literature data is presented. Possible future extensions of this S.tlildy are coqsnderec}.

Keywords: aluminium (Al) alloys, crystal structure defects, silicon carbide (SiC),

nanodiamonds(ND), metal matrix composites
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] Abs.tract: In this paper the method for the synthesis of nanediamond from the free carbon of
explosives is presented, and the application of the nanodiamond (ND) to a high strength aluminium

alloy. Results from AFM analysis of the alloy, containing nanosize diamond particles, are presented
and discussed.
Keywords: nanodiamond (ND), aluminium alloy
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Abstract: In this paper are calculated electronic and hole states in semiconductor quantum wells with
variable chemical composition (graded-gap quantum wells), namely triangular quantum wells, with and without the
application of a longitudinal constant electric field. The energies of the main optical transitions and their spatial
distributions are calculated with and without the application of electric field, The aim of this work is the comparison
of these quantum wells (that are the same width but with different inclinations of the linaar concentrafion profile) in

the presence of an electiic field. A comparison vith the available experimenial data for these quantum vells has
been made.
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PE3IOME

OnHcaHa € TEXHONOTHATa 3a MUMIIPperHHpaHe M TMOKpPHBaHe Ha MOPbO3HH OTHEYTIOPHH MaTepHalHd
CBC CTBKJIOBBIVIEpPOA H HEHHOTO IPHIOKEHHE B KOCMHYECKH CHBTHHKOBH EKCIEPHMEHTH, 3a
M3MEpBaHE Ha KBa3HIIOCTOSIHHH M IIPOMCHIIMBH €JICKTPHYHH IIOJIETa, OCBIIECTBEHH Ha Oopja Ha
oceM cnbTHHKa M Ha Mexaoynapoanara Kocmuuecka Crannus (MKC). IlpeacraBenun u
aHaIWU3MpaHH ca MPEeIUMCTBATa Ha CTHKJIOBBITIEPOJHOTO TIOKPHTHE, BBPXY paboTHaTa MOBBPXHOCT
Ha c@depUIHNUTEe CEH30pPH, 3@ OCHTYpsSBaHEe Ha MWHHMaJIHH BapWanuM Ha (YHKIHAATAa Ha
oThenHTe/lHaTa paboTa 3a eleKTpoHa. Pa3rnenaH € U TEeXHOJOMHYHHI EKCIIEPHMMEHT Ha Oopla Ha
MKC, peanmusupan ¢ npudopa JII-1IM, MoHTHpaH Ha BBHIIHATA CTpaHa Ha PYCKUA MOJYI, B
neproga Anpun 2013 — Asryct 2015 r., B KOWTO ca MOHTHpaHH 00pas3Il¥ OT alyMHHHEBA CIUJIaB U
rpaguTHH 00pa3slH, NOKPUTH CBC CTBKIOBBIVIEPOJ, 3a H3CJECIBAaHE BIHMAHHETO HA OTKPHUTHA
KOCMOC, BBPXY (PH3UKO-XMMHUYHHTE CBOHCTBA Ha CTBKJIO-BLITICPOJAHH TOKPUTHS, CJel]
npoabkuTeneH npecroii Ha MKC. AmanusupaHd ca pes3synTaTH H BB3MOJKHOCTH 34 PasiIHYHH
Ha3eMHHM TIPUIOMKEHHs, B MEJWIMHATa, eKOJIOTHATa, MEeTaJlyprusara, MallHHOCTPOEeHEeTo,
XHMHYECKaTa MPOMHIILIEHOCT H JIP.

KIIIOYOBHA AVMHM: CHBTHHKOBH CUHCTEMH, KOCMHYECKH EKCIIEPUMEHTM,
DC/AC EJIJEKTPHYHH NMOJIETA, CTBKJIOBBIJIEPO/]
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() _THTJEIJ'JH_ Ha_uupam WIMPOKG RPUAOMCEHNIE, H'UP(HJH VHUKATHAmMAa .’C{'}.Hﬁi!’ﬁ'ﬂifim Om
AEeROmd, ':’{J.J'JGE‘HHEJ. FLIACMUYHOC, _].-‘L'm{)ﬁ‘fif&(){.‘m Hid MEXAHUYHI HAMOSAPEAHUA
KOPOIUA. Tosa ce dwvaxwcu na cnocobrocmma Ha AIVHMUREEEHME CRIOsu da nocmuzam
VHURQTIHO KU.HﬁEEH{.EEfEEH om  CEacmead, uped AesupaHe M mepMutiHa t’ijpﬂfjt’J‘H}Kﬂ',
GE’JQI‘IH.FHFHHH KbBMW KOHKDPEMHN NPPWWTONMCEHUA. Tozu doxnac an‘fJ()E'H}H&H KamsK JJ'.J'JE!'&"_TE{')
Ha endogeme IV MUHHESH cCrLrasu HINOI3EAHL [ CAOMOTEMOCMPOEHENO L
QEQOKOCMUYECKamaoa HH(}_}’L’FHPII’H.

Kurwuoeu f}_}*.-ﬁﬂ: A.'J'_]-‘.'HHHHI}, A.'J'_]-‘.'HHHE[ESH CHLTAE, AEP{}K(JC’.HH‘!E‘C}{H RPUACMCEHUA
HO IV HEHNEeSH CROIaset
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mexnuxama. Qcobeno & QEPOROCMUYECKAMO Oaaacm Ge20NACHOCING Ha MEXHUKAMA €
o peLaedyo FHAYEHUE, MBI Kamao NpAEKO FOACASA HOHEOMO H XOPNImcl.
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MHOMCECMER KOMRNORERIML, ﬁi‘??f;p{){? L'(J(f?m_].-‘&-'.ﬂHH AL, 2AOOLTHO Pa3ThHAMU KUl
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Peziome: ATVMunUA 1 WTVMUHICEHME CHAGEN ca Tudepu & mpancnopmuama uxdvempud. Hawupam
WUPOKD  NPIIONCEHUE & AEMOMOOIIOCHPOEHEMO U Cd KIOUOE EIEMEHM & a8UANOHHOMO
cHpoumelcmao, Nnopadu  dodpume cu  XAPaAKMEPUCMUKY  Texkoma, 30pasurd, NIACTUNHOCM,
VEMOUUNBOCI HA MEXAHUNHUI HAMOBAPBARA U kopo3ud. CROCOGHOCHMG HA ATVMUHLEEUME CRIARU Od
ROCHUZAM VHUKATHA KOMOUHAYUA oM C80lcmed, uped TesUpane u MepMuuHa ofpadomia 2u npasu
Adanmuent KeM koHKpemun apioxcesun. Tozu doxiad npedocmass Kpamvi NPezied Ha eudoseme
WTVMUHLESH CHIAEN UINONIBAHL & MPAHCHOPIHAMA UHOVCIPLA.
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Abstract: This paper is motivated by the present tremendous interest in the functionally graded
materials (FGMs). The overzall propertics of FMGs are unique and different from any of the
individual matericls that form it. One unique characteristic of FGMs is the ability to tailor the
materials for specific applications. There is a wide range of applications of FGMs. Here we present
a brief overview on the most distinguished properties and applications of the FGMs. Planed future
works in the area of FGMs include deeper study of the matter and consequently looking for new
aluminium-based FGMs for potential space and other applications.

Keywords: functionally graded materials (FGMs), properties of FGMs, applications of FGMs,
aluminium-based (Al-based) FGMs.
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TEXHOJIOI'MYEH EKCINTEPHMEHT ,, OBCTAHOBKA®* HA BOPIA
HA MEXKAYHAPOJHATA KOCMHYECKA CTAHLIMSI

MNoaxoaeT npi prapaGoTRANSTD HA HORH MATEPHA-
1, OTTOBARALL HA BHCOKNTE HIMCKBANHA 3a pabora
E YCNOBNATA HA OTEPHTHA KOCMOC, NPEANONMra npo-
BEHIAHETO HE NEABAPHTENHI MOASTHH CHMYIALIEH,
Te masar eBEHTYANHHTE NEOMEHH B KAYECTDATA Ha
MATEPHANMTE, Chel npanbimuTenne npefasasade
B rakusa cpemn. 32 nphuaofHBaHE HA NWIHE B pe-
CUTHE ABHHE 30 CHORTHTE OT SOMH NPOIRIKHTENSH
NpeeToll HA MATOPHANN, HINONIBAHI 30 WETHTE Ha
BEOCRMHMECKATA TEXHM KD, & TAALAEHTENG 1 I',I::IJ'I'“'_III-
PAHETE HA CACHHATHE TEXHONOTHYUHM CHOMEPHMEH-
T [1] o GopmLa v MesayIaaneTHn CTaMuum. nin
'EITbTi'.IHI.I,II.. DEHY PREDLILN BRIMOMEHOCTH 30 E-I',i’_'t,ull_“'"ll..|I

=120% +150° C), nHTCHEHEHO PLAHALHONIS obhLuna=
He, BorBaHIHPAHe ¢ MHKPOMETEOPRHTH, AECOK RAKY-
¥M M APYTH.

Paspabotkara ¥ dipaboTkara wa Gnox JIN-TTM
¢ CLoOpAIeHN ChC CrelMHETE HIHCKBAHHS NpH
PORINEANHA HA CRCMEPHMEHTH B ROCMOCHT Maca, ra-
GapHTH, BLHILISH BHL, CNocod 38 JAEPCTIBIHG BRPXY
FBEHIUHATA CTRPAHA HA KOpnyca na soayss. Jdonycim=
siiere rabapurn om Gaok JAN-TITM ca oo 200 x 100 x
20 mm, 2 3 uaca 300 E BEmMaUNTenHe ¢ npodirre,
pasnonowend & wero. Mpofinre ca weara wa wamms
EKCNEPHMEHT, & GNORET € MACTOTO, B KOSTE CKCIMEpPi=
MERTATHATE NPOGH ca pUECHPaHn HENOIBHKHD,
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Mechanical Properties of the Enhanced with Nanodiamond and Tungsten
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Abstract

In the present work, a series of nanoindentation tests were conducted on two samples of the same material
(nanodiamond enhanced tungsten strengthened aluminum alloy) stored for two years and four months under
different conditions. One of the samples was stored in ambient terrestrial conditions and the other sample was
mounted on the outside of the International Space Station for a period over two years. In the Outer space the
specimen has been exposed to radiation and two-hours cyclic temperature variation in the range of ~ 300° C. The
purpose of the nanoindentation experiments is to determine two basic mechanical characteristics - indentation
hardness (Hr) and indentation modulus (£77) and this way to reveal the influence of the Outer space environment
on the mechanical characteristics of the investigated nanodiamond enhanced tngsten strengthened aluminum
alloy.

(7075), mdenttion hardness and indentation modulus,
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