NEW MATERIALS AND NANOTECHNOLOGY

SURERCONDUCTING NANO-MATERIALS
FOR CRYOGENIC ELECTRICAL MACHINES

Description
The aim of presented project is formation of magnesium
diboride based superconducting nanostructural materials
with high level of critical current density, j,., field of irre-
versibility, H,,, trapped magnetic field, B, microhardness, H,,
fracture toughness, k,,, Young modulus, E, and density close
to the theoretical one. Such materials will be effective for
application in the cryogenic electrical machines (electric
motors, pumps) working at the liquid hydrogen temperature
(20 K). The increase of j, and B we plan to reach using high
pressure-high temperature synthesis and alloying. In the
frame of the project an electromotor will be constructed
based on the best of developed materials and its efficiency
will be estimated. The magnesium diboride based supercon-
ductive blocks for the elements of the electromotor rotor will
be produced by high pressure-high temperature synthesis.
Modern technological progress is aimed at substitution
of fuel for aircrafts and combustion engines of autotransport
and watertransport (submarines) by hydrogen, at the develop-
ment of electrical power networks (first of all on the territory
of the USA) by which the electrical power should be trans-
mitted to big distances through the superconductive cables at
the liquid hydrogen temperature and using liquid hydrogen as
cooling agent. These directions caused great interest to electric
machines working at the liquid hydrogen temperature.
Superconductive electromotors and pumps for liquid hydro-
gen pumping will be in great demand when new technologies
utilizing liquid hydrogen are introduced: they are more effec-
tive than traditional ones due to essentially smaller weight,
considerably higher speed of operation in the reversion regime
and higher specific output power on the rotor surface.

Innovative Aspect and Main Advantages
Scientific and technological approach to development of
bulk materials using magnesium diboride is based on syn-
thesis in high pressure conditions. Improved magnetic
properties are to be obtained due to high material density,
nano-dimensional defects and chemical doping. Special
attention will be paid to technological basis of synthesis of
bulk blocks with typical dimensions up to 50 mm and fur-
ther selection of samples with equal parameters by frozen
magnetic field estimation and measuring of the levitation
force. Developed magnesium diboride based superconduc-
ting nanostructural materials should have high level of
critical current density at 20 Kj, > 1000—100 kA/cm?in the
fields 3—4 T, field of irreversibility, H,,> 8 T, trapped mag-
netic field, B> 2 T for the samples 30—50 mm in diameter,
mlcrohardness H,>15 GPa at P=49 N, fracture tough-
ness, k.27 MPa><1111/2 Young modulus E >220 GPa and
den31ty close to the theoretical one.

One of the advantages of superconductive motors, gen-
erators and pumps is high power density due to a small size
of rotor that allows an essential decrease in size (by
5-8 times) and weight, as well as achieving of high dynam-
ics: a high angle acceleration which is especially important
when a device operates under the conditions of high reverse
frequency. The use of superconductive electrical machines
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Fig. 1. Superconducting nanostructural magnesium-diboride-
based material for cryogenic electrical machines

saves energy resources. Advancement in applications of the
second-type superconductors in electrical machines is close-
ly related to materials improvement, because in operation
they should provide high currents in magnetic field and
should withstand stresses induced by magnetic fields and
temperature variations during heating-cooling processes.

Areas of Application

Electroengineering (electromotors, generators and pumps
for liquid gases pumping, fault current limiters), magnetic
transport (MAGLEV), fly-wheel energy storage systems

Stage of Development
National patents, know-how Development phase - labora-
tory tested

Contact Details
Institute for Superhard Materials of the National Academy
of Sciences of Ukraine
Tatiana Alexeevna Prikhna
2, Avtozavodskaya Str., Kiev 04074, Ukraine
Tel.: +380-44-430-11-26
Fax: +380-44-430-11-26
E-mail: prikhna@iptelecom.net.ua,
prikhna@mail.ru,www. ism.kiev.ua
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

HAIIBIIPOBITHUKOBUI1 HAHOCTPYKTYPHUI
MATEPIAJI HA OCHOBI IUBOPUIY MATHIIO
NIJISI KPIOTEHHUX EJEKTPUYHUX MAIIINH

02110 npono3uuii
MeTo10 1aHOTO TTPOEKTY € CTBOPEHHS HAJIIPOBIHUKOBUX
HAHOCTPYKTYPHUX MaTepiasiB Ha OCHOBI IMOOPHY MaTHIIO
3 BUCOKUM PIBHEM T'YCTHHU KPUTHYHOTO CTPYMY, f,, TTOJISI
HeoboporHocTi, H;,, 3aXOIUIEHOr0 MarHiTHOro 1oJsi, B,
TBepaocTi, Hy, TpiluHOCTIHKOCTI, k-, Ta Momyas IOnra,
I'yCTHHA SIKUX OJIU3bKA 0 TEOPETUYHOI, | e(heKTUBHUX JJIst
3aCTOCYBAHHA Yy KPIOTEHHUX €JIEeKTPUYHUX MalllnHax (eJre-
KTPOMOTOpaxX Ta Hacocax), M0 HPAIOIOTh MPU TeMIlepa-
Typi piakoro Bomuio (20 K). B pamkax mporo mpoexty Ha
6a3i Kpamoro 3 po3pobIeHX MaTepiasiB Oyae BUTOTOBJIE-
HO €JIEKTPOMOTOP 1 OIfiHeHO epeKTHBHICTh HOro poGOTH.
BJioku HaapoBiHOTO MaTepiany Ha OCHOBI AMOOPULY Mar-
HITO J7Is1 eJIEMEHTIB POTOpa eJIeKTPOMOTOpa OY/IyTh OepKa-
Hi IIJISIXOM CHHTE3Y B YMOBaX BUCOKHX THCKIB Ta TEMIIEpaTyp.
IHTEepec 10 eIeKTPUYHKUX MAIIWH, 0 TIPAIIOI0TH TIPU
TeMIepaTypi piKOro BOAHIO, 00YMOBJIEHUIT CydacHUM Hay-
KOBO-TEXHIUHMM IIPOTPECOM, CIIPSIMOBAHNM Ha TIepexijl aBia,
aBTO Ta BOIHOTO (TiABOHI YOBHN ) TPAHCIOPTY HA BUKOPH-
CTaHHS B SIKOCTI NaJIMBa PiZIKOTO BOJHIO, @ TAKOX Ha CTBO-
PeHHs eJIeKTPUYHOI Mepeski (B TIepIry yepry, Ha TepUTopii
CIITA), y skiit eJleKTPUYHUI CTPYM Ma€ Iiepe/iaBaTich Ha
BEJIMKI BIZICTaHi 10 HAAPOBIAHUM KabeJsiM TIPH TeMIiepa-
TYPi PiZIKOTO BOJHIO i 3 IOTO BUKOPUCTAHHSIM Y STKOCTi XO-
sozoareHTy. ToMy HaIIPOBi/IHI €JIEKTPOMOTOPH Ta HACOCH
JUTSL TiepeKauyBaHHsI PiZIKOTO BOJHIO, SIKi e(heKTUBHIII 3a
TPaIUIIIITHI Yepe3 3HAaYHO MEHTIITY Bary, iCTOTHO BUTILY IIBU/I-
KOO y PesKUMi peBepcy Ta GLIBIITY MUTOMY MOTYKHICTH
Ha OJIMHUIIIO ILJIOIIII TIOBEPXHI POTOPA, CTAHYTb Y HArOI1 TPU
Tepexo/Ii 10 TEXHOJIOTIH 13 3aCTOCYBAHHSIM Pi/IKOTO BOHIO.

Innosayiiinuii acnexm ma ocno6ni nepesazu
HaykoBwuil Ta TeXHOJIOTIYHWI MTiXi/ 10 PO3POOKN MaCHB-
HOTO MaTepiasy Ha OCHOBI 1nGOPU/LY MarHito OCHOBaHUil Ha
CHHTE31 B yMOBaX BHUCOKMX THCKiB. IliaHyeTbcs pocsarti
MOKPAIEHHs] MATHITHUX XapPaKTEPUCTHK 32 PAXyHOK 306i/1b-
IIeHHs TYCTHHH MaTepiary, peryJIioBaHHs KiJIbKOCTI HAaHO-
po3MipHUX JePeKTiB CTPYKTYPH i XiMIUHOTO JIeTyBaHHSI.
OcobuuBy yBary 0yzie pujiJieHO TEXHOIOTIYHIM OCHOBaM
CHHTE3y MACUBHUX OJIOKIB (3 poamipamu 10 50 MM) i aTecTa-
11ii MaTepiasy 32 MAaTHITHUMU XapaKTePUCTUKAMU JIJIs1 BU-
6opy 3pa3sKiB 3 OJIHAKOBMMH BJIACTUBOCTSMH, IIJISIXOM OIliH-
KU 3aXOTJIEHOTO MarHiTHOTO TOJIST 1 BUMIPIOBAaHH: JIEBITYIO-
yoi cuy. HaimpoBiziHi HAHOCTPYKTYPHI MaTepiain Ha ocC-
HOBI AMGOPULY MaTHIIO, 110 PO3PO0JIEH], MATUMYTh BUCOKHIT
PiBEHb TYCTHHI KPUTHYHOTO cTpyMY, j, > 1000100 kA /cm?
npu 20 K 8 nosstx 3—4 Tor, nosist weobopothocri, H,, = 8 Ti,
3aXOTIIIEHOTO MaTHiTHOTO 10181, B > 2 Tt y 3paskax miamer-
pom 30—50 mwm, TBepzocTi, Hy > 15 I'Tla pn HaBaHTaKEHH]
P =49 H, tpinmunoctiiikocti, k> 7 MTTaxm'/?, Ta MOJLYJIst
[Owra, E> 220 I'Tla, ta rycTHmHu 1o 6Jr3bKa 10 TEOPETHIHOI.
Jlo mepeBar Ha/AIIPOBITHNX MOTOPIB, TeHEPATOPIB Ta
HACOCIB Y MOPIBHSAHHI 3 TPAAULIIMHUME CJIiJT BITHECTH BEJIU-
Ky MUTOMY TIOTY;KHICTb, 10 03BOJIsIE icToTHO (Y 5—8 pa-
31B) 3MEHIINTH IX PO3MIpH 1 Bary, a TaKOXX JIOCSITTH BUCO-
KOI JIMHAMIKU: BEeJIUKI KyTOBi NPUCKOPEHH:, dKi HAJ[3BU-
yaliHO BasKJIMBI Mpu poOOTI B PEKUMI 4acTOro pesepcy,
00YMOBJIIOETBCSI MAJIMMK PO3MIPaMU POTOPIB. 3acToCy-
BaHHSI HA/[IIPOBITHUX eJIEKTPUYHUX MAIIIMH BeJie /10 30epe-
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HAQNPOBIAHWA HAHOCTPYKTYPHWI MATEPIAN HA OCHOBI
[WEOPUAY MATHIKO ANS KPIOTEHHUX ENEKTPUYHUX MALLMH
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Puc. 1. Haanpoianuii HAHOCTPYKTYPHHI MaTepiajl HA OCHOBI TU-
60puULy MarHiio

JKeHHs enepropecypciB. IIporpec B HanpsiMky BIpoBaj-
JKEHHSI HQ/ITPOBIZIHUKIB JIPYTOTO POy B €JIEKTPUYHI Ma-
IIUHY TICHO TIOB'SI3aHUH 3 BIOCKOHAJIEHHSAM HAIIPOBITHUX
MarepiajiB, OCKLJIbKU B IIpolieci poboTH BOHM IIOBUHHI 3a-
GesrneuyBaTH BUCOKMU PiBEHb IYCTHHU KPUTUYHUX CTPY-
MiB Yy MarHiTHUX IOJISIX 1 BUTPUMYBATU 3HAUHI MEXaHIUHI
HaBaHTa)KeHHs, 0OYMOBJIEH] AI€0 MAarHITHUX MOJIB i Tep-
MIYHUX HAIPY;KeHb, 110 BUHUKAIOTH IIiJl Yac HarpiBy abo
OXOJIOJIZKEHHS.
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