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Modernized magnetic sensor systems have been developed and tested to carry out the magnetic measurements on
the U-2M torsatron. The effect of the metallic environment, high-frequency noise and the instability of the external
magnetic field in the U-2M torsatron on the readings of magnetic sensors recorded during plasma experiments were

studied.
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INTRODUCTION

Magnetic measurements in stellarator-type magnetic
traps allow one to determine a number of important
plasma parameters, such as the longitudinal plasma
current, the Pfirsch-Schliiter currents, the plasma energy
content, the shift and deformation of magnetic surfaces,
the magnetic island structure; the plasma MHD activity,
etc [1-4].

At present, modernized magnetic sensor systems and
recording equipment are developed, fabricated and
tested to carry out the research program on the U-2M
torsatron [5]. These sensors allow to perform magnetic
measurements under conditions observed in torsatron U-
2M during plasma experiments on plasma RF heating
and RF conditioning of walls of the torsatron vacuum
chamber.

DEVELOPMENT AND TESTING OF THE
UPGRADED MAGNETIC DIAGNOSTICS FOR
TORSATRON URAGAN U-2M

Two diamagnetic loops covering different areas and
located in one section of the torus and a Rogowski coil
will be used to register variations of the toroidal and
poloidal magnetic fluxes, respectively. To register
variations of the zero, first and second harmonics of the
poloidal magnetic flux, a set of 14 Mirnov coils placed
in one cross-section of the torus will be used. Magnetic
sensors will allow to detect changes of magnetic field in
the frequency range from 10 Hz up to 200 kHz. The
measurement technique is described in detail in the
works [6, 7].

The value of Pfirsch-Schliiter currents, the presence
of magnetic islands, the shift of magnetic surfaces, the
structure of MHD-fluctuations, corresponding to the
first harmonic will be determined by registration of
variations of the first and zero harmonics of the poloidal
magnetic field. The registration of variations in the
second poloidal magnetic field harmonic also enables
one to determine the presence of magnetic islands, the
deformation of magnetic surfaces, and the structure of
MHD-fluctuations with second azimuthal harmonics.
The registration of toroidal magnetic flux variations and
variations in zero harmonic of the poloidal magnetic
field generated by the longitudinal plasma current
makes it possible to determine the plasma energy
content " based on the following expression:
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jo—is the longitudinal current density; a— is the small
plasma radius; R — is the major plasma radius; ¢ — is the
light velocity; P — is the gas-kinetic plasma pressure and
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plasma current measured by Rogowski coil. Term (1) in
expression (1) is related with the diamagnetic flux
change A®, term (Il) is the tokamak term related with
the longitudinal current | in the plasma, term (1) is
determined by the interaction between the longitudinal
plasma current and the helical magnetic field described
by the rotational transformation angle &; (“stellarator
effect”).

Fig. 1 shows temporal behavior of diamagnetic signal
and plasma energy content calculated based on
expression (1) and electrical measurements of
diamagnetic signals during plasma experiments
performed earlier. As can be seen from the Figure, an
external pickup is observed against the background of a
useful signal from a diamagnetic sensor, caused by a
much slower instability of the external magnetic field.
High-frequency interference is successfully suppressed
by high-frequency filters and electronic integrators.
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Fig. 1. The temporal behavior of the diamagnetic signal
(shown in green), as well as the energy content of the
plasma (shown in red) during plasma experiments on

the U-2M torsatron in early 2014
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The main difficulty in performing magnetic
measurements in the U-2M torsatron is to take into
account the contribution of the image currents arising in
the metal environment under the action of plasma
currents. Furthermore, the electronic equipment that
registers useful signals from the magnetic sensors
should have the necessary time resolution to provide
discrimination, amplification and integration of the
useful signals in conditions where the external magnetic
field instability and the intense RF interference are
observed during plasma experiments. Methods of

electrical measurements by magnetic sensors are
described in [6, 7].
Fig. 2 correspondingly, show the metallic

environment effect on signals detected by diamagnetic
loops and Mirnov coils inside and outside of the U-2M
vacuum chamber simulator.
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Fig. 2. U signal recorded by diamagnetic loops as a
function of the frequency of current simulating poloidal
plasma currents in the U-2M chamber simulator, (1) —
signal from the first diamagnetic loop covering a large
area, (2) — signal from the second diamagnetic loop
covering a smaller area (a).

Frequency dependence of the ratio of the U signal
amplitude recorded by the magnetic sensors to the
current frequency and to the current value of the m =1
plasma current-simulating coil in the U-2M chamber
simulator (b). Coil arrangements: (1) — inside the metal
chamber and (2) — outside the metal chamber. The
dashed line (3) shows the U(1)/U(2 ) ratio of magnetic
sensor signals in and out of the chamber model
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The Figure shows that at frequencies above the skin
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thickness; a — radius of the chamber), the image currents
flowing in the chamber begin to influence the signals
detected by magnetic sensors. While processing the
measurement results of magnetic sensors in frequency
ranges up to the skin frequency, the influence of the
metallic environment can be neglected. At frequencies
above the skin frequency, corrections should be made
depending on the frequency of the detected signal.

Another problem during magnetic measurements at
U-2M is thermal heating of structure elements of
thermal shield of magnetic sensors that contact with
edge closed surfaces. As a result, electrical insulation of
conductors of diamagnetic sensors was damaged during
previous experiment at U-2M torsatron. Location of two
areas where destruction of electrical insulation of
conductors was observed against magnetic surfaces
inside the vacuum chamber of U-2M is shown by red
lines in Fig. 3 above.
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Fig. 3. The location of the thermal protection of two
diamagnetic loops inside the vacuum chamber U- 2M at
the beginning of the experimental company 2014 (shown
above) and its new position (shown below) with respect

to the magnetic surfaces in the U-2M torsatron
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The reason for this overheating could be the
displacement of the plasma confinement area in the
horizontal direction during plasma experiments. Similar
situation was also observed for another system of
magnetic sensors based on the set of Mirnov coils. Since
they were arranged in a similar way against magnetic
surfaces in U-2M. Therefore, an upgraded thermal
shield for magnetic sensors was developed and
fabricated. New position of the upgraded thermal shield
of diamagnetic loops against magnetic surfaces in
another toroidal section is shown in Fig. 3 below.
Selection of this toroidal section allows to avoid thermal
overheating of the most vulnerable areas of thermal
shield that are above the surface of the vacuum
chamber. In this section, horizontal displacement of the
plasma confinement area will not result in thermal
overheating of electrical insulation of conductors of
magnetic sensors. Similar arrangement against magnetic
surfaces in U-2M was selected for the Mirnov coils and
Rogowski loop.

CONCLUSIONS

The optimal location of magnetic sensors was
determined against magnetic surfaces in torsatron
U-2M. The new design of the upgraded thermal shield
of magnetic sensors and their efficient arrangement in
U-2M will allow to avoid destruction of electrical
insulation of conductors of magnetic sensors during
plasma experiments. It was demonstrated that it is
necessary to take into account the influence of the
metallic environment on the readings of the magnetic
sensors at frequencies above the skin frequency for a
given wall thickness of the vacuum chamber of U-2M.
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OCOBEHHOCTH NPUMEHEHUA MOJEPHU3UPOBAHHOW MATHUTHOM TUATHOCTUKHA
B TOPCATPOHE Y-2M

B.K. HHawmnes, A.A. llempywens, 3.J1. Copokoeoii, @.U. Orxcepenves

JUid MarHWTHBIX HM3MEpPEHHH Ha YCTaHOBKE TOPCaTpoH YparaH Y-2M pa3paboTaHbl MOAECPHHU3UPOBAHHBIC
CUCTEMBI MarHUTHBIX JaTYMKOB U PETUCTPUPYIOLIEH annaparypsl. M3ydeHbl BIUSHUS METAIIMYECKOIO OKPYKEHUS,
pPazMoOYacTOTHBIX TOMEX M HeCTaOMIBHOCTH BHEIIHEr0 MAarHUTHOTO TONS B TopcaTpoHe YparaH Y-2M Ha
[IOKa3aHUsl MarHUTHBIX JATYUKOB BO BPEMs IIa3MEHHBIX 3KCIIEPUMEHTOB.

OCOBJIMBOCTI 3ACTOCYBAHHS MOJEPHI3OBAHOI MATHITHOI IIATHOCTUKH
B TOPCATPOHI Y-2M

B.K. Hawnes, E.JI. Copoxosuit, A.A. llempywensn, @.1. Orxcepen’ce

Jnst MarHiTHAX BUMIpIB Ha yCTaHOBII TOpcaTpoH Yparad Y-2M po3poOiieHi MoiepHi30BaH1 CHCTEMH MarHiTHAX
JIATYHKIB 1 pEECTPYIOUOTrO yCTaTKyBaHHS. BHBUYEHO BINIMBH METAJIEBOTO OTOYEHHS, PaaiOuyacTOTHUX IMEPEmKo] i
HEeCcTabTFHOCT] 30BHINTHROIO MarHiTHOTO TOJIS B TOPCAaTpoHi YparaH Y-2M Ha MoKa3aHHS MarHiTHUX JaTYUKIB Mij

Yac IUIa3MOBUX €KCIIEPUMEHTIB.
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