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Abstract — Experimental values of exploding tung-
sten wire resistivity in water as a function of -
posited energy under different power of input en-
ergy are given. These resistivity functions were
obtained by a mathematical data conversion of the
experimental current and voltage oscillograms
taking into account the equivalent generator cir-
cuit. It was shown that the designed equivalent
generator circuit describes adequately both the
amplitude-frequency response and the transient
oscillations. The design procedure of the equivalent
generator circuit and its calibration in the regimes
of short circuit, idle running and resistor load is
given. The calculation metering error of deposited
energy and the exploding wire resistivity were es-
timated for the case when calculation was carried
out without taking into consideration the load in-
ductiveimpedance.

1. Introduction

Although a lot of research works concerning both the
microsecond and nanosecond wire electrical explo-
sions have been carried out, an interest in such inves-
tigations, which is determined both by the fundamen-
tal character of the phenomenon and its possible
applications, still remains. One of such applications is
imploding tungsten wire arrays used as a high power
source of soft X-ray radiation [1-6]. Wire array opti-
mization is associated with simulation both of the wire
array implosion process and the electrical explosion of
a separate wire. MHD modeling of the wire electrical
explosion is performed taking into account the tung
sten wire conductivity value that in its turn is a func-
tion of wire density and temperature. To check the
simulation correctness, the calculation results should
be compared with the experimental data, i.e. the cal-
culated current and voltage values should be compared
with the experimental current and voltage oscillo-
grams. For this comparison, one needs a equivaent
generator circuit. Simulating a wire explosion with a
current rise time about or more than one microsecond
we can neglect such circuit elements as stray capad-
tance, distributed inductance and the transient switch
response [7]. However, the wire array explosion time
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is less than 100 ns and therefore, it is very important
to have a detailed equivalent circuit. The equivalent
generator circuit used earlier [8] was able to properly
describe the oscillation period, the peak amplitude, the
attenuation constant in the short circuit regime but was
not able to properly describe the voltage inductive
load oscillations in the short circuit regime, the volt-
age A-K gap oscillations in the idle running regime,
the current and voltage leading edge shapes.

Thus, an object of these work was: 1)to obtian wire
resigtivity as a function of deposited energy under dif-
ferent parameters both of the generator circuit and the
wire taking into account the equivalent generator circuit;
2) to create an adequat e equivaent circuit of the current
generator including a measurement circuit; 3)to esti-
mate a metering error of the wire resitivity determina
tion in the case the generator and the measurements cir-
cuit parameter are not taken into account.

2. Experimental Setup

To investigate the wire explosion process a RLC-genera-
tor was used. The equivaent generator circuit of is
shown in Fig. 1. The wire explosion was carried out in
deionized water with aresistivity greater than 150 kWsem.
The tungsten wires had diameters equal to 6.35, 15.24,
and 30.48nmm. The wire length was 20+ 0.5mm.
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Fig. 1. Equivalent circuit of current generator: ry, rn, fw, fo,
R4 — resistance of generator, shunt, wire, low resistance arm of
divider circuit, high resistance arm of divider circuit; Ry, R, —
distributed resistance; C — generator capacitance; C,, G, — dis

tributed capacitance; L, — circuit inductance; L, L, — divider
inductance; L, — holder inductance; L, —wire inductance
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The charge voltage was Ug = 10, 22, and 30kV. The
circuit inductance was 740, 2100, and 11100nH
(without wire inductance Ly). The capacitance was
67.9 nF. The switch was an air trigger. Five shots
were made in each regime. A wire was fixed in a spe-
cia holder (Fig. 2). To prevent sparking, the contact
point between the electrodes and the wire was sdl-
dered and then cleaned with water and spirit. A high
voltage divider, a coaxial shunt and a B-dot loop were
used for electrical diagnostics.
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Fg. 2. Holder with awire

3. Equivalent Generator Circuit Construction
and itsCalibration

The equivalent circuit of a current generator (see
Fig. 1) was constructed on basis of a careful model
analysis. Determination of separate circuit parameters
was carried out from the comparison of the experi-
mental current and the voltage oscillograms with the
results of the numerical solution of circuit differential
equations in the regimes of short circuit, idle running
and resistor load (see Fig. 3,a—c). Using of two addi-
tional RLC circuits alowed us to describe the circuit
oscillations that are observed in the idle running e-
gime (see Fig. 3,a).

To adequately describe the voltage and current
front shapes (see Fig. 3,a) we had to reject an ideal
switch and describe real trigger parameters as a func-
tion model [9]:
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where ry is the trigger resistance, | is the current
through the trigger, t is the time in ns, A= 27500,
A=0.83,N =2000.

The oscillograms in the short circuit regime (see
Fig. 3,c) were registered with several different load
inductance. For that purpose, the holder with the wire
(see Fig. 2) was replaced by a cylinder with the d-
ameters 1.2, 3, 10, 24 and 98 mm. Considerations of
al measurements allows finding out the value of the
load inductance L. That value is necessary for taking
into account the inductive component of the measured
voltage. The value of inductance L, was calculated on
the assumption of formula (2) [10] that defines the
value of the wire inductance Ly;:
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Fig. 3. Comparison of experimental oscillograms in regimes

of a—idlerunning, b — resistor load (42 W) and ¢ — short

circuit with results of numerical solution of circuit differential
equations
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where R is the radius of current return posts, p is the
wireradius, r is the post radius, m is the number of
posts.

4. Metering Error Estimation

Measurements of voltage applied to aload is the point
of maximal error in the determination of the energy
deposited in the wire and its resistivity. The calcula
tion procedure described in [11] does not take into
account either the distributed character of capacitance
or the energy consumption in a switch, therefore it
cannot be free from some mistakes. To estimate the
calculation metering error of the deposited energy and
the exploding wire resistivity for the case when the
calculation was carried out without taking into consid-
eration the load inductive impedance, the folliwing
procedure was used. The wire resistivity was simu-
lated with the interpolation formula of functional d
pendence of the 30-mm tungsten wire resistivity on the
deposited energy that was obtained in the experiment
(reference resistivity). The voltage applied to the high
voltage divider (divider voltage), the voltage applied
to wire and the load current were calculated solving a
system of circuit differential equations. Using the
simulated value of the divider voltage and the load
current, the functional dependence of the wire resis-
tivity on the deposited energy was calculated anew but
without taking into account the load inductive imped-
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ance. The resulting curve was compared with the ref-
erence resistivity. Based on that comparison the error
estimations of the deposited energy without taking
into account the inductive impedance of a wire load
were made. One of these estimations is shown in Fig. 4.
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Fg. 4. Estimation of metering error of measurements

5. Experimental Results

The resistivity of the tungsten wires whose diameters
were 6.35, 15.24, 30.48nmm as a function of the spe

cific deposited energy is given in Fig. 5a—c, Fg. 6,a—c
and Fig.7,a-c, respectively. As follows from
Figs. 5-7, the energy deposited in the wire increases
with increasing generator power. Under a regime
where the charge voltage Uy was equal to 10 kV or

20 kV, hydrodynamical instability development has a
great influence on the deposited energy value and
leads to wire destruction before the moment of the
wire total sublimation Egy =5.69 mJihyg). The com

parison of the experimental wire resistivity as a function

of the deposited energy with the known tabular data [12,

13] isgivenin Fig. 8. Asfollows from Fig. 8, the tabular

data coincide with the experimental ones except for the
energy values range close to the melting zone.

It necessary to mention that the electrical explo-
sion of the 6.35 nm-diameter wire is accompanied by
high amplitude reproducible fluctuations of the wire
resistivity. Probably, a reason for the arising fluctua
tions can be related to appearance of the capillar waves
[14] which wavelength is about 1nm on the melted
wire surface. The capillar waves wavelength is com
parable with the fine wire diameter and able to gener-
ate a fluctuations of the wire resistivity. It is possible
to assume that the rapidly fluctuating wire resistance
combined with the distributed generator circuit pa-

rameters gives rise to the fluctuation of the load volt-
age. However, that question needs further research.
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Fig. 5. The specific resistance of tungsten wires with d-

ameters 6.35 mm under: L, =635nH (a); L; = 2000 nH (b);

L; =11100nH ¢€). Solid line is average value of experi-
mental data

600

melting zone |8

UUZZO kv
400 ~ L
4 U,=30 kV
U, =10 kV

200

600 4—pr

400

U, =30 kV
200

o

Resistivity, Ohm/cm

(2]
o
o

U,=20 kV
400 °

U,=10kV

200 4

0 R T4 " s R

Deposited energy, mJ/my

Fig. 6. The specific resistance of tungsten wires with d-

ameters 15.24 nm under: L, = 635 nH (a); L; = 2000 nH ();

L, =11100 nH (c). Solid line is an average value of experi-
mental data
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Fig. 7. The specific resistance of tungsten wires with d-
ameters 30.24 mm under: L; = 635 nH (a); L; = 2000 nH (b);
L; =11100nH ¢€). Solid line is average value of experi-
mental data
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Fig. 8. The comparison of the experimental wire resistivity
with the tabular data. L;=2000nH, the wire diameter
is30 mm

6. Conclusion

The conducted experiments have allowed us to get the
tungsten wire resistivity in depending on the deposited
energy under different values of the deposited energy
power. The findings and the existence of the detailed
equivalent circuit of the current generator make it pos-
sible to compare in detail the simulated and experi-
mental results. The circuit analysis shows that the de-
posited energy calculation without taking into account
the load inductive impedance leads to a metering error
of 10, 15%. The metering error of time response of the

deposited energy in that case can achieve 100% (at the
beginning of explosion). The time response calcula
tion of the wire resistivity as a function of deposited
energy without taking into account the inductive load
impedance leads to a metering error exceeding 100%
(in the range of small values). Using a detailed
equivalent generator circuit it is possible to decrease
the metering error of the determination of the wire
resistivity to about 3%, that is less than the measure-
ment jitter.
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