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The study is devoted to the investigation of plasma focus systems as a driver for magnetic compression of liners. The
experiments on the comparative analyse of the foam and multiwired liners compression were done on the Filippov-type
plasma focus facility PF-3. The compression of the light (linear mass 0.3-0.6 mg/cm) liners with velocity (2-3)10° cm/s was
obtained. It is shown that under conditions of considerable radiation fluxes at the usage of strongly-radiating working gases a
preliminary heating of the target can be attained. This results in acceleration of the transition of initially — condensed

substance into plasma state, that assists in overcoming “cool start” problem.

PACS: 52.58.Lq
INTRODUCTION

The main goal of this study is the investigation of
plasma focus (PF) systems as driver for the magnetic liner
compression. The first studies shown the principal
opportunity of a similar approach were made in the joint
Russian-Polish experiment in Warsaw at the PF-1000-
facility [1]. The compression of the foam liner with the linear
mass of 200 pg/cm, at the discharge current amplitude of
1 MA, was observed in that experiment. Later on, the similar
experiments were made at the PF-3-facility, RRC
“Kurchatov Institute”, using the multiwired [2] and foam [3]
liners. This study is devoted to the comparative analyse of
the foam and multiwired liners compression on the Filippov-
type plasma focus facility PF-3.

EXPERIMENTAL SETUP

The experiments were done on the PF-3 facility
(Plasma Focus Filippov-type) at the energy level 450+550
kJ and discharge current amplitude up to 3 MA. Scheme
of the experiments is shown in Fig.1. Discharges were
performed at the conditions of stationary filling by neon

at the pressure 1 Torr.
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Fig. 1 Scheme of the liner experiments
1 — anode; 2 — cathode; 3 — insulator, 4 — plasma
current sheath; 5 — anode insertion,; 6 — suspension ware,
7 —liner; 8 — loading unit with a vacuum lock; 9, 10 —

diagnostics ports; Cy— capacitor bank; S — low pressure
spark gap switch; L — external inductance

A special device (Fig.2) with a vacuum lock has been
developed for liners delivering to the compression zone. This
allows one to execute the preliminary “training” of a discharge
chamber for improving the parameters of a plasma current
sheath and to perform the replacement of the liner without
violation of a vacuum in the chamber. The device is located
upon the upper cover (cathode) of the discharge chamber. All
the design elements are located outside the discharge volume
and they do not introduce heterogeneity violating the PCS-
dynamics. The liner (11) is suspended upon a thin (~ 60 pm)

polymeric (fishing-line) or metallic filament (10) and
descended to the necessary position at the system axis with the
mobile rod located in the cylindrical column sluice.

Fig.2. Design of a loading unit:

1 - anode; 2 - cathode; 3 - stationary protective
flange; 4 - rotary barrier, 5 - handle of a rotary barrier,
6 - vacuum lock; 7 - sluice column; 8 - vacuum - tight
input; 9 — metallic rod; 10 — suspension wire; 11 - liner,
12 - diagnostic ports; 13 - anode insertion; 14 - volume
for spent liners; 15 - PCS

The technology of wire array and foam liners production
has been developed at TRINITI (Troitsk). The wire array
design is a cylinder formed of 60 tungsten wires, 6 +~ 8 Um in
diameter, 15 mm long. Wires are pulled between two metallic
discs along the diameter of 20 mm with a step of ~ 1 mm.

Two variants of foam liners made of agar-agar with
different diameters, 10 and 20 mm, were used in the
experiments. The specific foam density, p = 1 mg/cm™. The
working liner surface height is 15 mm. A discernible feature
of liner design is the presence of a central supporting dielectric
rod, 3 mm in diameter, in some cases. The introduction of this
rod was a forced and unavoidable measure for light liners of
large diameter.

DIAGNOSTIC TECHNIQUES
In those experiments the main emphasis was done on
the compression dynamics study. The presence or absence
of the compression effect was considered as the main
factor in finding the prospects for the PF-3-facility
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implementation for these goals. Therefore the main
diagnostics at that stage were:
1. Measurement of a discharge current and that of
its derivative with the Rogowski coil and with
the magnetic probes;

2. Photographing of a pinch in the X-rays with the
two pin-hole cameras placed on the side
chamber surface at the angle 90° to the system
axis and on the upper flange at the angle of 60°;

3. Measuring of the X-ray radiation with Pin-
diodes. The time resolution is 1.5 + 3 ns;

4. Study of the PCS-dynamics and of the pinch
formation in a visible light with a streak-camera
and with a 4-channel diagnostics based on
frame cameras at the frame exposure of 10 ns
and with time delay between frames of 150 ns
long;

EXPERIMENTAL RESULTS

Streak camera images of the discharges with the foam
liner of a small diameter 10 mm are given in Fig.3 b. A
streak camera image of a discharge without liner is given
for comparison in Fig.3a. The compression is observed
rather clearly. In a number of cases, the X-ray luminosity
takes place at the axis in zone the liner location (Fig.4)
that directly shows the pinching there.
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Fig. 3. Streak camera images of the discharges
without liner (a) and with liner (b); liner diameter is
10 mm, m = 0.4 mg/cm, [ = 2 MA
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Fig. 4. Pin-hole pictures of the pinch without liner (a)
and with liner (b); direction of registration is 90 °to the
system axis, diaphragm is 0.2 mm covered by Be 10 Um
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The very first experiment with the light liner (300 p
g/cm) of a large diameter has reliably shown a
compression effect (Fig. 5a). A better space resolution has
allowed us estimate the compression rate: V ~2.5.
10° cm/s. In difference from the experiment in Warsaw
[1], we don’t observe a delay at the beginning of
compression, necessary for the transition of a foam
substance into a plasma state. Moreover, an initial radius
of the substance under compression somewhat exceeds
the initial liner radius. We consider it to be an
encouraging factor, confirming our assumption about the
possible preliminary liner heating by the sheath radiation.
This results in its expansion, on the one side, and
alleviates the discharge current “over-capture”, on the
other one.

Fig. 5. Streak-camera and frame camera pictures of
the discharges with 20 mm liner:
a) m=0.3 mg/cm, [ = 2 MA, time shift between upper
and lower frame camera pictures, T=150 ns;
b) m=1 mg/cm; I=2 MA, 1=150 ns

The compression is stopped at the diameter of
6 — 7 mm, that can be explained by a stabilizing effect of
the central rod (liner armature, central rod included, is
well seen on the first frame camera picture). The very fact
that the plasma is located in the compressed state for a
long time (= 0.5 ps) is worth of attention. Subsequent fast
pinch destruction and the emergence of a luminosity in a
great zone we refer to the arrival of plasma fluxes and/or
of vapours of copper from a conical anode insertion.

We couldn’t detect the compression of a heavy liner
(1-4 mg/cm) at this value of a discharge current. The
plasma expansion occurs immediately after the sheath
shock at the liner (Fig. 5b).

Wire array liners possess of a number of peculiarities
in comparison with the foam ones:

- the presence of an initial conduction;



- the usage of the wires of different materials
allows one to change the radiation spectrum and
the intensity of a yield;

- the presence of the ordered structure, where the
wires are located with a step of ~1mm in
difference from foam liner having the chaotic
structure with the characteristic non-homogeneity
size of about 30 pm.

One of the premises for performing the experiments
with the wire arrays was their successful implementation
in the recent experiments with fast systems [4].

It has been shown that, after current sheath contact
with the liner, an essential portion of a current continues
to flow in the vicinity to the wires during the period
necessary for transferring the current to the liner. But
some portion of a current is “dropped” down to the axis,
producing a pinch. The very wires remain to be immobile
during ~ 150 ns for the light liner and during ~ 300 ns for
the heavy one, then a rather fast compression of the liner
to the axis occurs. The rate of this compression, estimated
from the streak camera pictures, is about 3.10° cm/s for
the light liner, and ~ 2.10° cm/s for the heavy one (Fig.6).
Thus the time of the current switching on the wire array
and velocity of its consequent compression to axis depend
from linear mass of the liner. Later on, a comparatively-
slow pinch expansion takes place at the rates
approximately-lower than the compression ones by the
order of magnitude.
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Fig. 6. Streak camera pictures:
a) discharge in neon without liner,

b) wire array, 330 ug/cm; c) wire array, 600 lg/cm

CONCLUSIONS

The main result of these experiments is, first of all, the
conclusion about an opportunity to realize the liner
compression at the PF-3 facility. The compression of the light
liners, both foam and multiwire ones, with velocity (2-3) 10°
cm/s was obtained. The final result can be affected by the
shape and symmetry of the sheath, as well as by the quality of
a given liner manufacture. Along with the identity of many
physical processes in a plasma focus, Mather’s type and
Filippov’s type, there is a number of the differences in a
plasma current sheath dynamics which can essentially affect
the process of interaction between the current sheath and the
liner. One of them is the presence of a long duration radial
compression stage (~ 10 ps) in the flat electrode geometry.
Under conditions of considerable radiation fluxes at the usage
of strongly-radiating working gases (neon, for example) a
preliminary heating of the target located at the axis and
acceleration of the initially — condensed substance transition
into plasma state can be attained. Therefore, in such discharge
one can effectively control over the process of the liner
evaporation and ionization by changing the liner parameters
that assists in overcoming “cool start” problem.
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JOCJII)KEHHA TUHAMIKYA CTUCHEHHS JIETKMUX JIEUHEPIB B IIJIA3MOBOMY ®OKYCI

M.A. Kapaxin, E.FO. Xaymies, B.1. Kpay3, A.M. Mokecs, B.B. Maamon, B.Il. Cmipnos
Pobora mpuceseHa pociimkeHHt0 wiasMoBoro (okycy (I1D) B pomi mpaifBepa Ijii MArHITHOTO OOTHCHEHHS JIaHEpiB.

[IpoBeneHO eKCIIepMMEHTH 3 TIOPIBHUIBHOTO aHAN3y CTHCHEHHS IMHHMX M 0araTtogpoTOBHX JIalHEpiB Ha YCTAHOBII THITY
®ininmosa [1M-3. OTpuMaHo CTHCHEHHs JaiiHepiB 3 MoroHHow Macoro 0.3-0.6 mr/cm 3i mmumkoctsmu (2-3).10° cwm/c mpu
aMIDnTyi  po3psmHoro crpymy 2 MA. Tloka3zaHo, m0 B yMOBaX 3HAYHHX pAialliifHAIX ITOTOKIB TPH BHUKOPHCTAaHHI
CHJIFHOBHIIPOMIHIOIOYMX POOOYMX Ta3iB MOXKe OYTH 3/IiiCHEHHH TornepeHiil HarpiB MimieHi. Lle nmpu3BoauTh 10 MPHCKOpEHHS
TIepexo/1y NepBiCHO KOHJIEHCOBAHOI PEYOBHHH Y IUIA3MOBHIA CTaH, 1110 J1a€ 3MOTY TTOJI0JIATH MPOOJIEMY «XOJIOHOTO CTapTy».

UCCJIEJOBAHUE JUHAMMKH CKATHUS JJETKUX JJAMHEPOB B IINIA3SMEHHOM ®OKYCE

M.A. Kapakun, 3.10. Xaymues, B.U. Kpay3, A.H. Mokees, B.B. Manmon, B.Il. Cmupnos
Pabora mocesiieHa mccienoBanuro mwiasMeHHoro (okyca (I1D) B xadecTBe mpaiiBepa Iyt MATHUTHOTO OOKATHS JIAfHEPOB.
IIpoBeneHb! FKCIEPUMEHTBI 110 CPAaBHUTEIBHOMY QHATIM3Y CXKATHs IIEHHBIX M MHOTOIIPOBOJIOYHBIX JIAHHEPOB HA YCTAHOBKE TUTIA
®umarmosa [1d-3. TTomy4deHo cxkaTre JTaiHepoB ¢ MOroHHoi Maccoii 0.3-0.6 Mr/cM co ckopocTsvu (2-3).10° cm/c Iy amMIUTyIE
paspsmHoro Toka 2 MA. IlokazaHo, 4YTO B YCIOBMSIX 3HAYMTEIBHBIX DaJUAIMOHHBIX ITOTOKOB IIPU HCIIOJIB30BAaHUU
CWJIFHOM3ITYYAIOIHX PA00UMX Ta30B MOYKET OBITH OCYIIECTBIICH IPE/IBAPUTENBHBINA HarpeB MUIIIEHH. JTO IPUBOAMT K YCKOPEHHIO
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Triepexo/ia MepBOHAYAIIEHO KOH/ICHCHPOBAHHOTO BEIIIECTBA B IUIA3MEHHOE COCTOSIHUE, UTO CIIOCOOCTBYET MPEOJIONICHHUIO MPOOIEMBI
“XONOHOrO cTapTa ™.
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