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This paper describes the microprocessor hardware and software complex designed to control the fluorescent rod
scanning in the poloidal cross section of vacuum toroidal chamber in order to study the structure of magnetic

surfacesin the torsatron "URAGAN-2M."

PACS: 52.55.Hc; 52.55.-s; 07.05.-t; 02.70.-c; 07.05.Pb; 52.70.Ds; 52.20.Dq; 06.60.Sx; 06.30.Bp; 07.05.Pj

INTRODUCTION

One of the methods of studying the structure of
closed magnetic surfaces in stellarators / torsatrons is a
method of scanning fluorescent rod [1-6]. This method
has been used to study the torsatron with additional
toroidal magnetic field of torsatron URAGAN-2M [4-7].

The experimental session in 2008 of the automation
of this method was developed on hardware-software
complex described in the article [7]. The hardware of
the complex has been implemented on a personal
computer and a special module L-783 by L-card.
Software of the complex was written in the language
Borland C++ Builder 6. To solve the problem of
creation the stellarator-mirror magnetic system by
switching off one toroidal coil in the torsatron
URAGAN-2M described in [8, 9] it was need to
conduct a new series of experiments to measure the
magnetic surfaces. To perform this work a new safe,
protected from the noise, portable device based on
microcontroller, which completely replaced the personal
computer and an expensive unit L-783 was created. The
new complex has been successfully applied in a series
of experiments in 2012.

This paper describes a new hardware-software
control complex of the rod scanning motion in the
chamber (Fig.1) and  presents some results of
measuring (Fig. 2, Fig. 3) of the magnetic surfaces in
the torsatron URAGAN-2M.

Fig. 1. Fluorescent rod in the URAGAN-2M chamber
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Fig. 2. The structure of the closed magnetic surfaces in
the “Uragan-2M": mode Kp=0.295; Bo=0.1 T;
<B,/Bo>=1.8% (the current in the solenoids corrective
vertical magnetic field 1.,,,~175 A); the average radius
of the last magnetic surface a ~16.6 cm displacement
of the magnetic axis from the geometrical axis of the
torus Ay~4.7 cm (the axis is located on the inner half
of the torus). Two separate bright dots in the figure
indicate the position of reference light-emitting diodes.
Lateral reference LED is located on the inner half of the
torus in the equatorial plane

Fig. 3. Example of defining the last closed magnetic
surface measurements on the hurricane-2M torsatron:
mode Kp=0.295; Bo=0.1 T; <B_,/Bo>=~1.5%
(Lor~100 A); average radius @ ~I17.3 cm; Ags~5.9

Newly developed control-measuring complex consists
of 2 parts-hardware and software. The hardware is
implemented on the basis of the complex integral
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PIC18F2620  microcontroller =~ manufactured by

Microchip Technology Inc., which is a market leader in
the class of 8-bit microcontrollers with RISK
architecture. Block scheme of the complex is shown in
Fig.4. PIC18F2620 is an integrated circuit that
combines high performance 8-bit microprocessor, the
various memory modules, timer modules, internal and
external clocking, analog and digital input-output ports,
communication ports, interrupting and comparing
modules, PWM modules, diagnostics and power
management, energy consumption, etc.[4-7].

Device includes microcontroller, a communication
device with the object, the control device, LCD display
and developed software, which is loaded into the
electronic memory of the microcontroller.

The controller provides the choice of scanning
chamber modes, receiving and converting analog
signals from the sensors of the fluorescent rod,
controlling motor signals of the rod according to the
programmed algorithm for each of the selected scanning
modes.

The results of measurements, the state of nodes,
mode indication are shown on the LCD display.

All software modules are created in the environment
of development MPLAB IDE in a specialized language
C18, designed for the programming microcontrollers of
the 18-th series. The program provides the opportunity
to choose one of 3 modes of scanning chamber in
torsatron URAGAN-2M. (Fig. 5).During performing
each mode the end of the rod is moving along different
trajectories and scans various regions of the chamber.
The trajectories of the rod movement for each mode
are given by X and Y coordinates sets, every set is
written in nonvolatile memory EEPROM of
microcontroller PIC18F2620.
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Fig. 5. Selection of scanning mode

For the safety of the experiment in the program there
is a possibility to stop the rod movement by pressing the
button, further action can either continue performance
of the previous mode or exit to main menu (Fig. 6) .
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Fig. 6. Selection of next action
CONCLUSIONS

This paper presents a low-cost and compact solution
for the automated measurement of the magnetic surfaces
in the stellarator URAGAN-2M. This measuring system
would greatly facilitate the experiment in real time, as
well as improve the reliability and wvalidity of the
measurement of the magnetic surfaces
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ATIITAPATHO-ITPOTPAMMHBIN MUKPOIIPOIIECCOPHBIN KOMILJIEKC JIJISI UCCJIEJTOBAHUS
MATHUTHBIX HOBEPXHOCTEM B TOPCATPOHE YPATAH-2M

C.IL I'yoapes, I'.I'. Jlecnakos, I.I1. Onanesa, A.H. Illanoean, B.C. Tapan, M.HU. 3onomompyooea

OnwuceiBaercsi paspaborannelii B Mucturyre ¢wmsuxu twasmel HHIL X®TH  anmapatHo-nmporpaMMHbIH
KOMIUIEKC, IpEeTHa3HAYEHHBIN [UISl yIIPABICHHS JIIOMHHECIIEHTHBIM CTEPXKHEM IPH CKAaHUPOBAHHUH B MTOJIOUIATEHOM
CEUCHNH BaKyyMHOW TOPOWZAIBHONW KaMepbl C LENbI0 H3YyYEHUS] CTPYKTYphl MAarHUTHBIX IIOBEPXHOCTEH B
TopcatpoHe YparaH-2M. AmmapaTHas 4YacTh KOMIUIEKCa IOCTpoeHa Ha 0aze mukpokoHTposuiepa PICI8F2620
Microchip Technology Inc. Koutpomnep obecrieunBaer BbIOOp PEXHMMOB CKAaHUPOBAHHUS KaMepbl, NpPUEM U
npeoOpa3oBaHUE aHAJIOIOBBIX CHTHAJIOB OT HATYMKOB IIOJIOXKEHHS (UIyOPECLEHTHOIO CTEpI)KHS, YIpaBJICHUE
JIBUTATENIIMH TIPUBOJA CTEP)KHA B COOTBETCTBUM C 3alPOTPaAMMHUPOBAHHBIM ANTOPHUTMOM IS KaXIOro W3
BBIOpaHHBIX PEXMMOB CKaHMpoBaHus. [Iporpammuoe oOecrieueHHe CO3/1aHO M OTIIAXKEHO B cpele pa3paboTKu
MPLAB IDE =Ha cneumanusupoBaHHoM si3eike C18, mpeaHa3HaueHHOM Ui IPOTPaMMHUPOBAHMSA
MHUKpOKOHTpoIutepoB 18- cepun Microchip Technology Inc.

ATIAPATHO-ITPOT'PAMHHU MIKPOITPOIIECOPHU KOMILJIEKC JUISI JTOCJIJIKEHHS
MAT'HITHUX ITIOBEPXOHbBb B TOPCATPOHI YPAT'AH-2M

C.II. I'yoapes, I.I'. JIccnaxkos, I'.Il. Onaneea, A.H. Illlanoean, B.C. Tapan, M.I. 3onomompyéosa

Omnucyetbest po3pobenuii B [netuTyTi ¢izuku miazmu HHI[ XDTI anapaTHo-nporpaMHuUil MiKpOITPOLIECOPHU
KOMILIEKC, TPU3HAYCHUH 7Sl YIPABIiHHS JTIOMiHECIICHTHIM CTPHKHEM IPH CKaHyBaHHI B OJOITAIbHOMY MEPETHHI
BaKyyMHOI TOPOiTaibHOT KaMepH 3 METOI0 BHBYEHHS CTPYKTYpH MarHiTHHX ITIOBEPXOHb y TOpcaTrpoHi YparaH-2M.
AnapaTHa yacTMHA KOMIUIEKCY moOyaoBaHa Ha 0a3i mikpokoHTposepa PIC18F2620 Microchip Technology Inc.
Konrponep 3a0e3neuye BHOIp peKUMIB CKaHYBaHHS KaMmepH, MPUHOM 1 MEPEeTBOPEHHS aHAJIOTOBUX CHUTHAIIB BiJ
JATYUKIB TIOJIOXKCHHS (DIyOPECIEHTHOTO CTPYDKHS, VIPABIIHHSA JBUTYHAMH TIPHBOJY CTPWXKHSA 3TITHO 13
3alporpaMoOBaHUM AJITOPUTMOM JUII KOXHOTO 3 OOpaHMX pEeXHMIB ckaHyBaHHs. [IporpamHe 3a0e3nedyeHHs
CTBOPCHO Ta HAJIATOKEHO B cepenoBuii po3podoku MPLAB IDE cnenianizoBanoro MoBoro C18, mpu3zHavyeHO0 [yis
mporpaMyBaHHS MikKpokoHTpoJepiB 18-1 cepii Microchip Technology Inc.
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