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General Characteristic of the Dissertation

Problem and Topicality of the Work

Generating constant high magnetic field (HMF) in many cases is an
expensive luxury because of expensive facilities, materials and other resources
needed. Therefore scientists often turn to lower energy consumption pulsed
technologies. Pulsed magnetic fields up to 40-60 T produced by simple means
enabled even budget-limited laboratories to achieve outstanding results in such
promising fields like particle physics, molecular biology, medicine, material
research, etc. A relatively simple system consisting of capacitor bank, pulsed
switch and inductor connected in series can be used to generate pulsed magnetic
field of this amplitude. However, simple principle of operation requires great
efforts to ensure longer operation of applied pulsed inductors. The design of
non-destructive pulsed coils is a multi-dimensional technical task because they
operate under extreme Lorentz forces and Joule heating.

Pulsed inductors that generate up to 50 T and their long-life operation
issues were addressed in the dissertation. To break down them effective
technique to synthesize inductor geometrical and material models was
developed, inductor mathematical and computer models created, electrophysical
processes during the pulse in various inductors were examined. Retrievals of
non-destructive inductor geometrical configurations were performed. Software
developed and results gained were successfully used to design new pulsed
inductor prototypes.

Object of Research
The objects of this research are HMF pulsed inductors.

Aim of the Work

The objective of this work was to develop a technique for inductor
geometrical-material model synthesis, long-life operation inductor parameter
retrieval algorithm and computer-aided calculation packages.

Tasks of the Work
Tasks of the work were following:

To develop technique for inductor geometry-material model synthesis.

. After creating mathematical-computer inductor model to analyze
thermodynamic, electromagnetic and magnetomechanical processes in
pulsed inductors.

3. To determine parameter feasibility criteria for long-life operation inductors

and to develop algorithm for retrieval of their geometries.
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4. To retrieve long-life operation inductor parameter ranges.
5. To design prototypes of inductors for condensed matter research.

Methodology of Research

Analytical, numerical and experimental methods were applied.
Electrophysical models and retrieval algorithms were realized numerically in
Matlab®, verifications were carried out in ANSYS® and experimentally.

Scientific Novelty of the Work and its Value

Dissertation offers new universal and flexible technique to evaluate
inductor output parameters: generated magnetic field amplitude, pulse form and
duration, winding heating and mechanical stress distribution in inductor cross-
section while entering geometrical and material parameters as an input.

A technique mentioned enabled to develop long-life operation inductor
parameter retrieval algorithms and computation packages while entering desired
output parameter ranges. The result is inductor “vitality zone”, i.e. inductor
parameters that let inductor windings not to overheat and not to overstress
during the pulse. Such inductors can be used for multiple-pulses (more than 100
pulses) and therefore are called long-life operation inductors. A technique was
developed to form inductor geometry-material models for the analysis. This
difficult task is easily framed, solved, fastened and simplified as a result.

Practical Value of the Work Results

The solutions offered provide simple, fast, cheap, sustained pulse inductor
design and reliable maintenance along with proper material and experimental
environment selection. Analysis of complex tasks, e.g. different materials for
every layer, varying layer thicknesses, as well as partial tasks is possible.
Calculation packages were written in Matlab® and are easy to improve and
elaborate. The packages are successfully employed in HMF laboratory at
Vilnius Gediminas technical university and Semiconductor Physics Institute.

50 T class inductor and dual-inductor system for cryostat at Vilnius
Semiconductor Physics Institute were proposed using dissertation results.

Defended Propositions
1. Developed geometry synthesis technique enables to erect virtual inductor
models at least ten times faster than using software packages that operate
with Finite Element Methods (FEMs), while entering winding cross-section
geometry, materials, inductor winding and layer numbers only.
2. The existence of “vitality zone”, which enables analysis of inductor
behaviour when changing their winding cross-section, power supply



electrophysical parameters and parameters of experimental environment, is
essentially determined by generated magnetic field, material heating and
mechanical overloads.

3. Using developed software calculating results demonstrate acceptable
(deviation less than 5%) conformance with experimental and FEM
modelling results.

Approbation of the work Results

The results of this work were presented in nine scientific articles: three
articles published in journals of Thomson ISI Web of Science list, four in
journals quoted in INSPEC, COPERNICUS databases, one in conference
proceedings quoted in Thomson ISI Proceedings database and one in other
conference materials. Seven reports were presented at international conferences,
five of them in Lithuania. Results were applied in two VGTU qualification
scientific works and two contracts supported by the Lithuanian State Science
and Studies Foundation.

The Scope of the Dissertation

The scientific work contains introduction, lists of notations, four chapters,
list of references and list of author’s publications on the subject of dissertation.
The work covers 110 pages, 36 figures, 7 tables, 27 numerated formulas and 78
bibliographic sources.

1. Analytical Review of HMF Pulsed Inductor Design and Analysis

Chapter 1 presents a brief review of methods to generate HMF marking
pulsed field as one of most effective: least energy consuming, fairly easy to
produce, high amplitude, long-enough pulse duration for most of the
experiments and applications. The system consisting of capacitor bank, thyristor
switch and inductor (coil) is used to generate 40-80 T, 1-500 ms non-
destructive magnetic field in regional laboratories. Further on, an overview of
different types of pulsed inductor constructions is given; main problems and
latest solutions, concerning inductor winding technologies, materials, conductor
types, electrophysical processes taking place in windings during the pulse are
discussed. Inductor computer modelling and their geometry optimization
problems and various approaches are introduced in the last section.

2. HMF Inductor Mathematical Model and Geometry Retrieval Procedure
The first part of chapter 2 is devoted to the description of new technique

for virtual inductor geometry and material model synthesis. It was observed that

every inductor cross-section (2D model) or at least one layer can be composed



of winding elements (Fig. 1) in most cases consisting of conductor, insulation
and reinforcement layers. Such models are simple to program, algorithms are
not complex and fast allowing to determine all geometrical inductor parameters,
e.g. wire length, resistance, inductivity, insulation and reinforcement layer
thicknesses and areas, which along with material properties are the basis for
inductor electrophysical processes analysis. To form the inductor only one
winding cross-section geometrical and material parameters are needed.
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Fig. 1. Inductor and one winding-element cross-section: 1 — environment, 2 — conductor,
3 — container, 4 — layer reinforcement, 5 — insulation, 6 — outer enforcement

In the second part of the chapter inductor mathematical model was created.
In the third part inductor “vitality zone” is defined as parameter set

(feasible winding and layer number, bore diameter, pulse rise time, maximum

generated magnetic field and maximum mechanical stresses, power supply,

material and environment electrophysical parameters) of inductors, of which
winding temperature and mechanical stresses after the pulse do not exceed
permissible temperature of insulation and yield strength of weakest material in
the construction. “Vitality zone” identifies long-life operation inductors that are
tested at same power supply configuration and environmental temperature.

Further on the algorithm for the “vitality zone” retrieval is described. It
includes:

1. The setting of input parameters: bore diameter 2a;, minimum and maximum
number of windings n;;, ny, and layers n,;, 1y, one winding cross-section
model, minimum and maximum desirable magnetic field (B, Bua),
maximum allowable winding heating temperature 7,,,, minimum pulse rise
time #,,;,, maximum Von Misses stresses oyuma. power supply voltage U,
and capacitance C¢, ambient temperature 7.

2. The calculation of basic inductor geometrical and electrical parameters.

3. The solution of thermodynamic, electromagnetic and magnetomechanical
models for pulse form, winding heating and heat dissipation, maximum
current, distribution of magnetic field and stresses in windings.



4. Changing ny, np; and repeating the procedure until 7, and ny, are reached.

Inductors that fulfill B, Buaxs Timaxs Limin @0d Opagma, requirements fall into
“vitality zone”. All the partial, final results and transients, if wished, can be
presented graphically. This universal algorithm carries out the analysis of
inductor set behaviour, as well as thorough analysis of individual inductors and
is shown to be the basis for “vitality zone” retrieval software package.

3. Retrieval of HMF Long-Life operation Inductor Parameters

Chapter 3 is intended for the investigation of electrophysical processes in
inductors during the pulse and “vitality zone” retrievals.

First of all three different one winding cross-sections are formed (referring
to geometry-material synthesis technique) with 1.7x0.8 mm CuNb (“A” cross-
section), 1.7x0.8 mm Cu (“B”) and 4.2x2.37 mm CuNb (“P” for Prototype)
wires, Kapton® insulation and Zylon® reinforcement, all used in VGTU High
magnetic field laboratory. After this thermodynamic, electromagnetic and
magnetomechanical processes were thoroughly analyzed in inductors with “A”,
“B” and “P” winding cross-sections. Laboratory inductor “A” had n; = 13
windings/layer, n, = 6 layers and laboratory inductor “B” — (n;n,) = (13;6),
prototype inductor “P” — (n;;m) = (10;6). 50 T was reached by applying
Uy = 3700 V (“A”), 2850 V (“B”), 4000 V (“P”) at a; = 6 mm, T = 77 K,
C-=10,800 pF.

Results showed that inductor “A” was highly overheated with winding
Tar = 1240 K after the pulse and applicable only up to 38 T because 7, for
Kapt0n® is 676 K. Inductor “B” was highly overstressed with oy, = 1.4 GPa
when oy for Cu should not exceed 0.25 GPa (Cu yield strength) and
appeared to be applicable only up to 20 T. Inductor “P” proved to be a good
candidate for 50 T class inductor generating By, = 49 T at T = 118 K,
Oiatmaxr = 1.1 GPa, Oyppmy still exceeding CuNb yield strength (0.83 GPa) but not
exceeding tensile strength (1.12 GPa). The results for inductor “P” are shown in
Fig. 2.
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Fig. 2. Inductor “P”. Pulse current i(7), current without evaluated heating i(77 K),
layer temperature 7(r), Von Misses stress distribution in windings oy,



Table 1. “Vitality zone” retrieval parameters In all cases only minor (few

Criteria Inductor and Value Kelvin) heat dissipations were
wA” .B* o observed during the pulse.
Bins T 30 20 40 After different inductors were
B T 50 40 60 analyzed, “vitality zone” retrieval
Tnar K 500 500 200 | parameters (Table 1)  were
Limin, MS 0.1 0.1 0.1 determined and program for
‘:lvlﬂj_nggpgia 2?3(3)0 2_215. (3)0 2810(3) 5 retrieval  written.  Additionally,
step 538 553 728 referring to the results from

thermodynamic, electromagnetic
and magnetomechanical analysis different U, for retrievals was chosen: 2100 V
for inductors with winding cross-section “A”, 1000 V for “B” and 3000 V for
“P”. a; and T, were kept at 6 mm and 77 K for all experiments. “Vitality zones”

are shown in Fig. 3.
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Fig. 3. Inductor “vitality zones” for winding cross-section “A” (a), “B” (b), “P” (c)
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“Vitality zones” in Fig. 3 show that with winding cross-sections “A” and
“B” no more than 30-35 T can be achieved, while with cross-section “P”
different winding-layer combinations give over 40 T with (n;;n,) = (12-25;2),
(10-15:4), (8;6) (here o = outer diameter/a;, = half length/a;). 50 T is reached
with (n;m) = (15-16;2) and (ny;n;) = (10;4), the latter with longer pulse
duration.

Finally, different “vitality zones” were analyzed for “P” winding type
inductors when U, = 2600 V, 3400 V (a; = const = 6 mm), a¢; = 3 mm, 9 mm
(U = const = 3000 V). Comparing with results in Fig. 3¢) “vitality zone” drifts
in both cases were observed together with changing maximum feasible
magnetic field amplitude when changing a; and constant maximum magnetic
field amplitude when changing Uj. It was also shown that “vitality zone” is the
universal data that allows analysing long-life operation inductor behaviour
under different conditions.
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4. Verification and Application of Research Results

The 4th chapter is divided into two parts. In the first part the verification
for inductor (n;n,) = (10;4) with “P” winding cross-section was carried out in
ANSYS® and inductor “A” ((n,;1,) = (13;6)) was tested in the laboratory using
memorized oscilloscope and calibrated manganite sensor placed in the centre of
the inductor bore.

Fig. 4 and 5 show experimental and modelling results for inductor “A”.
Compared results in both cases (author’s modelling vs. ANSYS® and
experiment) showed 2—5% deviations for magnetic field/stress analysis which
means that thermodynamic analysis outcomes also coincide because magnetic
field/stresses are determined by the current.

04 06 08 1 12,
t, s x 10
b)
Fig. 4. Inductor “A”. Experimental (a) and modelling results (b) when 7, = 77 K,
Uy=2%kV.a) Bopax =22.4 T, b) By =21.8 T

>

N

02 04 06 08 1 12 5
t.s x 10
b)

Fig. 5. Inductor “A”. Experimental (a) and modelling results (b) when 7, =293 K,
Uy=2kV.a) Byay = 16.8 T, b) By =174 T
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In the second part of the chapter inductor prototypes were designed. A
proposition for 50 T class inductor composed of “P” type winding cross-
sections, configuration of (n;;n,) = (10;4), was made. As seen in Fig. 6, thick
outer reinforcement with Zylon®+Epoxy is used to distance container to avoid
magnetic fields generated by inductive currents in it (high pulse d&/df).
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Fig. 6. 50 T class inductor

Finally a large bore (¢; = 30 mm) dual Helmholtz construction inductor
with optical channel for laser beam was proposed. Inductor has to be mounted
on closed cycle He* cryostat SRDK-408 camera and used for condensed matter
research at Semiconductor Physics Institute in Vilnius.

To start the design a maximum energy of laboratory capacitor bank was
chosen (86,4 kJ at U, = 4000 V), “vitality zone” for “P” type winding cross-
section was found and (n;;n;) = (6;6) inductor generating 7.5 T, ~5 ms pulse
was selected for being relatively small in size and large in inductance. Inductor
winding temperature after 4 consecutive pulses was 7,,,, = 420 K (7o = 293 K)
reducing current by 3.7% and magnetic field to 7.3 T. Further on, computer
codes to determine the distance between outer inductor walls in dual system and
effective generated magnetic field were written in order to fulfil field non-
homogeneity requirements of /(z;,) = 0.1% in space of z;, = 10 mm. It was
found that magnetic field of 10.5 T could be generated by the system.
Calculation results are shown in Fig. 7. The distances between coil ends and
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centres for required non-homogeneity are 15.3 mm and 44.1 mm respectively. It
was also calculated that magnetic field would be reduced to 6.5 T inside the
cryostat camera due to 4 mm camera brass wall (skin depth of 8.2 mm at /=
125 Hz). Magnetic fields up to 10 T inside the camera could be reached after
increasing capacity of the battery by factor 2.5 up to 27 mF.
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Fig. 7. Dual Helmholtz coil system: By, = 10.5 T, h(z,) < 0.1%

Fig. 8 shows the detailed design of the dual coil system.
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General Conclusions

1.

After thorough known pulsed inductor design and software analysis inductor
geometry-material model synthesis technique was proposed that enabled to
erect virtual inductor models faster than using FEM operating software
packages, while entering winding cross-section geometry, materials,
inductor winding and layer numbers only.

Inductor mathematical model was elaborated and calculation packages for
integrated inductor virtual geometry synthesis, process evaluation and long-
life operation parameter retrievals were created in Matlab®.

The analysis of three winding cross-section model “A”, “B” and “P”
inductor “vitality zones” has proved that the existence of “vitality zone”,
which enables evaluation of inductor behaviour when changing their
winding cross-section, power supply electrophysical parameters and
parameters of experimental environment, is essentially determined by
generated magnetic field, material heating and mechanical overloads.
,,Vitality zones* for different winding cross-sections have shown that with
“A” type winding cross-section up to 35 T (limited by heating), “B” type
30 T (limited by mechanical conductor strength) and “P” type 55 T (limited
by mechanical conductor strength) HMF can be generated when ambient
temperature for all experiments is 7 = 77 K.

The verification of results when modelling inductors that fall into “vitality
zone” using ANSYS® and by measuring their axial magnetic field
experimentally has proved the confidence of developed model because all
the deviations were less than 5%.

Investigations conducted enabled to recommend a 50 T class inductor
design for manganite and other condensed matter research. Inductor
composed of “P” type winding cross-sections (4.2x2.37 mm CuNb, Kapton®
insulation, Zylon® interlayer reinforcement) and of configuration (n;;1,) =
(10;4) when a; = 6 mm, Wep = 48.6 kJ (U, = 3000 V) would be able to
generate 50 T, 1 ms non-destructive magnetic field pulses.

. Using designed software and research results the inductor with optical

channel for cryostat was proposed. Dual coil, each of configuration (n;n,) =
(6;6), a; = 30 mm and composed of “P” type winding cross-sections would
generate magnetic field pulses up to 6.5 T, 4-5 ms with non-homogeneity
of 0.1% in 10 mm central area of the camera using available laboratory
capacitor bank (U, = 4000 V, C- = 10,800 pF). In order to extend
magnetic system capabilities, it was proposed to increase battery
capacitance by factor of 2.5, i.e. up to 27,000 pF.
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STIPRIU MAGNETINIU LAUKU DAUGKARTINIO
NAUDOJIMO INDUKTORIU TYRIMAS

Tiriamoji problema ir darbo aktualumas

Stipraus pastovaus magnetinio lauko generavimas yra didelé prabanga dél
reikalingos infrastruktiiros, energetiniy ir kity resursy, todél paplit¢ impulsinio
iki 40-60 T magnetinio lauko srauto tankio (toliau — magnetinio lauko)
generavimo budai jgalino maZzesnius biudzetus turinéias laboratorijas pasiekti
pasaulinio lygio rezultaty ijvairiose moksliniy tyrimy srityse. Minétosios
amplitudés magnetini lauka galima generuoti sistemoje kondensatoriy baterija-
tiristoriniy  rakty blokas-induktorius, tafiau paprastas veikimo principas
neuztikrina, kad induktorius bus tinkamas daugkartiniams eksperimentams.
Impulsiniy induktoriy kiirimas yra sudétingas daugiamatis uzdavinys dél
impulso metu juose pasireiskianciy dideliy Siluminiy ir mechaniniy perkrovy.

Disertacijoje nagrinéjami daugkartinio naudojimo (tarnaujanciy > 100
impulsy) stipraus impulsinio magnetinio lauko induktoriy, gebanc¢iy generuoti
iki 50 T magnetinio lauko impulsus, kiirimo ir ilgaamziskumo problemos. Jas
sprendziant sukurta induktoriy geometrijos sintezés metodika, sudaryti
induktoriy matematiniai ir kompiuteriniai modeliai, iStirti impulso metu
induktoriy apvijose vykstantys S$iluminiai ir mechaniniai procesai, atlikta
daugkartinio naudojimo induktoriy geometriju paieSka. Sukurtas programinis
apriipinimas induktoriy skai¢iavimams igalina nustatyti induktoriy, tinkamy
daugkartiniam impulsiniam magnetiniam laukui generuoti, parametrus. Darbo
rezultatai sekmingai pritaikyti kuriant jvairius induktoriy prototipus.

Tyrimy objektas
Darbo tyrimo objektai — stipraus impulsinio magnetinio lauko induktoriai.

Darbo tikslas

Pagrindinis darbo tikslas — sukurti impulsiniy induktoriy geometrijos
sintezés metodika ir parametry, uZztikrinanéiy konstrukcijos ilgaamziskuma,
paieskos algoritmus ir programing iranga.
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Darbo uZdaviniai
Tikslui pasiekti darbe numatyta spresti tokius uzdavinius:
Sukurti impulsiniy induktoriy geometrijos sintezés metodika.
. Sukurti induktoriaus matematini modeli ir atlikti termodinaminiy,
elektromagnetiniy ir magnetomechaniniy procesy analize.
3. Nustatyti daugkartinio naudojimo induktoriy parametry tinkamumo
kriterijus ir sukurti geometrijos paieskos algoritma.
4. Nustatyti daugkartinio naudojimo impulsiniy induktoriy tinkamy parametry
ribas.
5. Sukurti impulsiniy induktoriy prototipus jvairiems medziagy fizikiniams
tyrimams.

N —

Tyrimy metodika
Sukurti analitiniai modeliai perkelti i skaitmeninius Marlab® aplinkoje.
Rezultaty patikra atlikta induktorius modeliuojant ANSYS® ir eksperimentiskai.

Darbo mokslinis naujumas ir jo reikSmé

Sukurtas impulsinio induktoriaus matematinis modelis jgalina atlikti
termodinaminiy, elektromagnetiniy ir magnetomechaniniy procesy analize,
ivertinti daugeli svarbiy induktoriy i$¢jimo parametry: generuojamo magnetinio
lauko amplitude, impulso forma, pereinamojo proceso trukme, apviju bei
aplinkiniy sluoksniy i§ilima, mechaniniy itempiu pasiskirstyma, nurodzius ju
i€jimo geometrinius ir naudojamy medziagy fizikinius parametrus.

Pasitilyta induktoriaus geometrijos sintezés metodika leidzia sukurti tokiy
induktoriy geometrijos paieskos, pasirinkus norimy i$¢jimy parametry ribas,
algoritmus ir programing jranga. Paieska atliekama nurodzius vienos vijos
skerspjlivio geometrija ir medziagy fizikinius parametrus. Paieskos rezultatas —
induktoriy ,,gyvavimo zona“ — pagrindiniy parametry (galimas vijy ir sluoksniy
skaiCius, vidinés kiaurymés skersmuo, pereinamojo proceso trukmé,
maksimalus generuojamas magnetinis laukas, maksimaliis mechaniniai
itempiai, energijos Saltinio, medziagy ir aplinkos elektrofizikiniai parametrai),
uztikrinan¢iy konstrukcijos ilgaamziskuma, visuma, su kuriais induktoriai
generuoja maksimaly magnetini lauka, neperkaista ir suminiai mechaniniai
itempiai juose nevir§ija medziagy leistinyjy.

Darbo rezultaty praktiné reik§mé

Pasitlyti sprendimai garantuoja paprastesng, greitesng, pigesne,
patikimesng, analize paremta impulsiniy induktoriy gamyba ir eksploatavima,
medziagy, skirty induktoriams vynioti, aplinky, kuriose vyksta eksperimentai,
tinkama parinkima. Programiné jranga nesudétinga, todél ja nesunkiai galima
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tobulinti, derinti, keisti, pritaikyti skirtingiems ar daliniams uzdaviniams, su
kuriais susiduriama vyniojant impulsinius induktorius, spresti. Remiantis darbo
rezultatais, pasitilytas 50 T klasés impulsinio induktoriaus prototipas ir
magnetiné sistema fizikinéms medziagy savybéms tirti. Sukurtoji programiné
franga taikoma VGTU Stipriy magnetiniy lauky laboratorijoje, Puslaidininkiy
fizikos institute.

Ginamieji teiginiai

1. Geometrijos sintezés metodika leidzia maziausiai viena eile sparCiau nei
baigtiniy elementy metodais operuojanciuose programiniuose paketuose
sudaryti modelius induktoriy pereinamyju procesy analizei, nurodZius
vienos vijos skerspjlivio geometrija ir medziagy sudétj bei induktoriaus vijy
ir sluoksniy skaiciy.

2. Induktoriy ,,gyvavimo zonos“ — juy pagrindiniy parametry, uZztikrinanéiy
konstrukcijos ilgaamziskuma, visumos egzistavima i§ esmés apibrézia
generuojamo magnetinio lauko, medziagy leistiny $iluminiy ir mechaniniy
perkrovy reikSmés.

3. Sukurtasis matematinis modelis, jgalinantis atlikti termodinaminiy,
elektromagnetiniy ir magnetomechaniniy procesy induktoriuose analize, yra
adekvatus, nes parametry skaiiavimo rezultaty neapibréztis nevirsija 5 %
ribos lyginant su eksperimentine ir modeliuojant tuos pacius procesus kita
programine jranga.

Darbo rezultaty aprobavimas

Disertacijos tema paskelbti devyni straipsniai, i§ ju: trys straipsniai
zurnaluose, itrauktuose i Thomson ISI Web of Science sarasa, keturi —
zurnaluose, itrauktuose i INSPEC ir COPERNICUS duomeny bazes, vienas —
konferenciju medziagoje, referuotoje Thomson ISI Proceedings duomeny
bazéje, vienas — kity tarptautiniy konferenciju medziagoje, perskaityti septyni
praneSimai Lietuvos bei uZzsienio konferencijose. Autoriaus darbais remtasi
dviejuose VGTU kvalifikaciniuose ir dviejuose Lietuvos valstybinio mokslo ir
studijy fondo remiamuose darbuose.

Disertacijos struktiira

Disertacija sudaro jvadas, keturi skyriai, rezultaty apibendrinimas,
literattiros ir publikacijy disertacijos tema sarasas.

[vadiniame skyriuje nagrinéjamas problemos aktualumas, formuluojamas
darbo tikslas ir uzdaviniai, pristatomi autoriaus prane$imai ir publikacijos,
pateikiama disertacijos struktiira.
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Pirmajame skyriuje aptariama stipraus magnetinio lauko reik§mé
Siuolaikiniam mokslui, pristatomi stipraus magnetinio lauko generavimo budai,
analizuojami impulsiniai induktoriai, ju kompiuteriniy modeliy sudarymo
problematika, geometrijos optimizavimas.

Antrajame skyriuje apraSoma induktoriy geometrijos ir medziagy sudéties
sintezés metodika, sukuriamas induktoriaus matematinis-kompiuterinis modelis,
apibréziama daugkartinio naudojimo induktoriy pagrindiniy parametry
visuma — ,,gyvavimo zona“, pateikiamas daugkartinio naudojimo induktoriy
geometrijy paieskos algoritmas.

Tre¢iajame skyriuje analizuojami skirtingy laidininky induktoriuose
vykstantys Siluminiai, elektromagnetiniai ir magnetomechaniniai procesai, ju
itaka induktoriaus ilgaamziskumui, sprendziamas induktoriy geometrijos
paie$kos uzdavinys, suskaiCiuojamos ir analizuojamos skirtingy laidininky
induktoriu  ,,gyvavimo  zonos“, pateikiamos induktoriy  vyniojimo
rekomendacijos.

Ketvirtajame skyriuje apraSoma gauty rezultaty eksperimentiné patikra ir
patikra modeliuojant induktoriy ANSYS® aplinkoje, pateikiamas 50 T
impulsinio induktoriaus ir sistemos, skirtos fizikiniams medziagy tyrimams ir
montuojamos ant PFI esancio kriostato, projektavimas.

Bendrosios iSvados

1. Apzvelgus jvairias daugiavijy daugiasluoksniy impulsinio magnetinio lauko
induktoriy konstrukcijas, ju gamybos ypatybes ir Siuolaikinius analizés bei
tobulinimo jrankius, pasitlyta induktoriy skerspjiviy geometrijos ir
medziagy modeliy sintezés metodika, kuri jgalina spariau nei baigtiniy
elementy metodais operuojan¢iuose programiniuose paketuose sudaryti
induktoriy geometrijos ir medziagy modelius, nurodzius vienos vijos
skerspjivio geometrija ir medziagu sudéti bei induktoriaus vijy ir sluoksniy
skaiciu.

2. Sukurtas induktoriaus matematinis modelis ir programiné iranga Matlab®
aplinkoje kompleksinei induktoriuose vykstan¢iu procesy analizei bei
induktoriy parametry — ,gyvavimo zony“, uZtikrinan¢iy ilgalaiki ju
funkcionavima, paieskai.

3. Atlikta skirtingy viju skerspjaviu (,,A%, ,,B* ir ,,P*) induktoriy ,,gyvavimo
zony“ analizé patvirtino, kad induktoriy ,,gyvavimo zonos“ — juy pagrindiniy
parametry, uztikrinan¢iy konstrukcijos ilgaamziskuma, visumos egzistavima
i§ esmés apibrézia generuojamo magnetinio lauko, medziagy leistiny
Siluminiy ir mechaniniy perkrovy reik§meés.

4. Surastos induktoriy su skirtingais viju skerspjiiviu modeliais ,,gyvavimo
zonos“ parodé, kad su ,,A* tipo laidininku (1,7x0,8 mm CuNb) galima
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generuoti iki 35 T (magnetinj lauka riboja apviju iSilimas ir mechaniniai
itempiai), ,,B* (1,7x0,8 mm Cu) — 30 T (magnetinj lauka riboja mechaniniai
itempiai), ,,P* (4,2x2,37 CuNb) — 55 T (magnetini lauka riboja mechaniniai
itempiai) daugkartinius magnetinio lauko impulsus, kai pradiné aplinkos
temperattra 7, = 77 K.

. Modeliuojant induktoriy, patenkanti i ,,gyvavimo zona*, ANSYS® aplinkoje
bei atlikus aSinio magnetinio lauko matavimus vienam i§ tokiy induktoriy,
patvirtinta, kad sukurta programine jranga atlikty skai¢iavimy -
generuojamo magnetinio lauko ir mechaniniy itempiy - rezultaty
neapibréztis nevirsija 5 %.

. Taikant atlikty tyrimy metodika ir sukurta programing iranga, pasiilytas
50 T klasés induktoriaus (skirto medziagy magnetovarzos,
magnetooptiniams tyrimams, manganity jutikliy kalibravimui) prototipas:
10 vijy ir 4 sluoksniy induktoriumi, sudarytu i§ ,,P* tipo viju skerspjuviy
(4,2x237 mm CuNb, Kapton® izoliacija, Zylon® tarpsluoksninis
sutvirtinimas), kai a; = 6 mm, W¢p = 48,6 kJ (Cc = 10800 uF, U, = 3000 V),
galima generuoti iki 50 T, 1 ms trukmés daugkartinius magnetinio lauko
impulsus.

. Pasitllytas dvieju induktoriy (a; = 30 mm, (n;;1) = (6;6), ,,P tipo vijos
skerspjtivis) Helmholtz‘o konstrukcijos magnetinés sistemos prototipas
kriostatui. Magneting sistema jungiant prie turimo maitinimo Saltinio
(Cemax = 10800 uF, Uppuee = 4000 V), Saldymo kameros viduje galima
generuoti maksimaly B.,,,, = 6,5 T, 5 ms trukmés magnetinio lauko impulsa,
kurio nehomogeniskumas /4(z;), z, = 10 mm centrinégje zonoje tarp dvieju
induktoriy, yra < 0,1 %. Siekiant iSnaudoti visas magnetinés sistemos
galimybes, pasillyta maitinimo S$altinio talpa padidinti iki 27000 pF
(216 kJ), t. y. 2,5 karto. Tuomet magnetine sistema $aldymo kameros viduje
galima biity generuoti 10 T, 6,5 ms trukmeés daugkartinius magnetinio lauko
impulsus.
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