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Analytical investigations were made of electromagnetic processes with the work of an ex-
plosive~type magnetic generator, in a series-connected inductive-type accumulator and a
current breaker based on an exploding wire, A solution is obtained in dimensionless form
for a model ofa current breaker based on an ochmic resistance, whose value rises linearly
with thetemperature. The conditions are determined under which an inductive load can be
connecied in parallel to the current breaker; under these circumstances, the current of the
load branch remains small during the whole charging stage.

Explosive-type magnetic generators are the most powerful sources of pulsed currents, Their use in
experimental physics is frequently limited by the relatively large compression time of the magnetic flux
[1]. To eliminate this shortcoming, the circuit for the connection of an explosive-type generator illustrated
in Fig. 1a has been proposed and verified experimentally [1, 21.

Here 1 is the explosive; 2 is a liner; 3 is a cassette; 4 is a spark gap; 5 is an electrical explosive~
type current breaker; 6 is a load solenoid. During the compression of the magnetic flux, the load is dis~
connected, and the accumulation of energy takes place in the inductance of the connections. At the end of
the process of the collapse of the liner, there is an electrical explosion of the wire, its resistance rises
sharply, and the voltage pulse formed breaks down the spark gap. After a short time, the energy from
the inductive accumulator is transmitted to the load. To simplify the analysis, we shall not take account
of the parasitic parameters of the circuit: the ohmic resistances of the generator, the connections, and
the load solenoid, as well as the inductance of the current breaker, Then the circuit takes on the form
of Fig. 1b, where the following notation is used: L, is the inductance of thegenerator; L, is the inductance
of the accumulator; R is the resistance of the current breaker; L, is the inductance of the load.

It is usually assumed [3, 4] that the first stage in the work of a current breaker is its heating up to
the boiling point, while the second stage is the breaking of the current as the result of a sharp rise in the
resistance during the process of explosive vaporization.

Since the duration of the second stage is much less than that of the first stage, conditions close to
optimal will be achieved if the boiling point of the current breaker is reached at the moment of the total
collapse of the liner. In accordance with this, we assume that for a period of time T determined by the
length of the generator and the detonation rate, there is compression of the flux and heating of the current
breaker up to the boiling point; here the load L, is disconnected. The electrical circuit of Fig, 1b will be
described by

d (L) _ 1)
2L +RI=0 {
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where Ry, m are the initial values of the resistance and
mass of the current breaker; @, cp, are the temperature
coefficient of the resistance and the specific heat capacity
of the material,

The quantities @ and c,, are functions of the tempera-~

i, y ture. We shall use the mean value of the coefficient of
thermal resistance g=0a/ Cp in the range from room tempera-
L F 2 ture to the boiling point. This coefficient must be deter-
b - mined from the experimentally found dependence

Tl ~1‘ R=Re (1 +3 ’2)

o,

where Q is the energy absorbed by the wire,

Questions of the effective use of explosives and the optimal layout of bushars are discussed in [5].
The present article discusses the problem of the compatibility of the parameters of the generator and the
current breaker from the condition of an electrical explosion at the end of the cycle R(T) =R, where Rg
is the resistance at the boiling point. The layout is given, i.e., busbars of constant width, We then obtain

L=Lo(1_1:#1r), Lo=IL1(0) -+ Le (3)

where 7 =Ly/L, is the tuning coefficient.

We eliminate I from the system of equations (1), (2), for which purpose we write (1) in the form

2 2 2

t i
1 SlzdL + S RPdt s L Lr— Lol =0
0 0

and, substituting the values of the integrals found from (2), (3), we obtain

o meLo(1—1/1) H*@(H 1)_‘_Lam”(l_1—;/nt)idR,_L°I“2=Q‘

vl A a b Al Bl Y-\ T IR @ 2

We introduce the dimensionless quantities

R Lg - H L R I
— T — — T » — l' ——c = N —
o Ry Y Rl R 0 e Iy !
To BLoJo?
== — b T ———
a=5(1—1/7), T

Substituting them into the last equality, we find

4)

v q__T0 Y fi_-?L —
wy— + 1S~ =1/ E 4 b =0

or in integral form

.
TForay—expy

——l-lnlz
a

P

The integral in the right-hand part is not expressed in elementary functions and must be determined
numerically, Withx=1,y=lnr,, I =1/7, and the condition for explosion at the end of a cycle assumes the
form -

lnr
A (5)
"z‘”‘pag 14 b+fay—expy :
[

The quantity r. is a physical constant of the material of the current breaker, In accordance with [1],
we have for Al, rg=15, and for Cu, ro=20, It can be seen from Eq. (4) that the boiling point is not reached
with any values of @ and b, but only at values which satisfy the condition

14+b3alnr,—re>0 (6}

since, otherwise,dy/dxreverts to zeroatsomevalue of t< T, i,e., the resistance of the current breaker ceases
to rise before the value R, is reached.
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Each pair of values of g and b satisfying (6) corresponds to a value of 7 determined by condition {5).
Thus, a connection is established between 7y, b, and n. These dependences for Al and Cu, plotted using an
electronic computer, are shown, respectively, in Figs. 2 and 3, It can be seen that with sufficiently large
values of 7, and fixed values of 1 the dependences of b on 7, are linear.

Let us calculate the coefficient of conservation of the magnetic flux:

IML@ i)

k= —rm
IoLo ]

Setting x =1, y =In r,, in Eq. (4), and taking into account that

dy_T y___r?’
%_— E— "
we find
o ltbtalarg—r, | {7
nb

The value of k% determines the magnetic energy

J X3 (IoLo)?
Q 2L:

stored in the inductive accumulator after actuation of the generator, T, b, and n must be so selected that
k will be as close as possible to unity. Fixing the values of k?® and 7 in expression (7), we obtain a depen-
dencebetweenb and 7,. The curve of this dependence intersects the corresponding straight line (Figs. 2, 3)
at a point which ensures a given coefficient of conservation of the momentum of the flux at the end of a cycle

of the explosive-type magnetic generator.

These points are connected by the dotted curves in Figs, 2, 3, It can be seen from the figures that
the working range of 7, for Al is 30-100 and for Cu, 30-130. An increase in the value of 7, above the upper
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limit does not lead to a rise in k, since, in this case, the losses of energy will be determined by other factors,
which are not taken into account here (for example, the sliding contacts of the liner), A decrease in the value
of 7, below the lower limit leads to a situation in which more than half of the energy evolved by the explosive-
type magnetic generator is absorbed by the current breaker,

The solution obtained permits an exact determination of the state of the system at only one point, i.e.,
at the end of the first stage, r(1) =rs, i(1) = k7, where k is determined by the equality (7}, These data
are sufficient for calculation of the second stage, i.e., the current breaker; however, the course of the pro-
cess during the period of time 0 =t =T is of definite interest, i.e., the form of the current and voltage pulses
in the current breaker. Simple approximate expressions can be obtained for i(x), r(x), and u{x) =i{x)r(x).
Bearing in mind that the damping of the magnetic flux takes place gradually with time, from I,L, to kI,L,,
we obtain an evaluation for the current:

kilLi<tfle
Here i(0) =1, i(1) =k,

Assuming uniform damping of the flux with time, we obtain

f—(l—ks (8)
T—=t/0=z

lie

From Eq. (2) it follows that

X
lnr= SRl S i2dz.
ma

- 0
Neglecting the damping of the flux, i.e., assuming
k=1, i=1]1
we have

BROIGT (1/1—1) _ 2(1/1—1)

hr = Tt wd—1/W

Out of this there flows an approximate condition for explosion at the end of a cycle for k=1
260/ Tylnrg =1, (9)

If k=1, then, taking account of the evaluation for i, we can write the following evaluation for r:

X a
ckes.‘i’.<1nr<c\_di
B =
0 0

where ¢ is an as yet undetermined coefficient of proportionality. Replacing k by a linearly decreasing func-
tion [analogous to (8)], and determining ¢ from the condition r(1) =r;, we obtain the approximate equality

~expll— (1 —k) <2 | L ] Inre ' (10)
respll— () o [ 1]’»‘2(11—1)'

Dependences of i(x) and u(x) for Al are shown in Figs, 4, 5.

Let us consider a modification of the circuit of Fig, 1b (the load L is connected to the current breaker,
and the spark gap 4 is eliminated). With a sufficiently large value of L, the current of the load branch in
the first stage is small, the circuit of the unit is simplified, and energy losses in the spark gap are elim-
inated. If I3 <1, then Lg(dl3/dt) =1R, whence

3 RI]P
— irdl
N (1—1/11>Ls\ ’

Neglecting the damping of the flux, i.e., assuming k=1, we obtain

RoT exp (—Inr./(m—10) Llnr\_paeflnr.
— finl eXp [F*(lnr —n—cl) E‘*l\q—‘——iﬂ,

fs (x) Ly(1—1/n)

x
Py

where Ei* (2) = \(et nar is an integral indicating function, tabulated, for example, in [6].

—oc
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With x=1 and 10 <% =100, the quantity in square brackets varies in the range 10,3-12,8, I can be
set equal to 10; if, in addition, it is taken into consideration that

exp[—1lnre/(n— D=l
and if the value of 1/7 is neglected in comparison with unity, we then obtain

is (1)= 10 %&ZL .
The condition with which it is possible to comnect the inductive load directly in parallel with the cur-
rent breaker assumes the form

L (D)ig(1) =ML 0B, TS 1 (11)

Thus, the electromagnetic processes with the charging of an inductive accumulator from an explo-
sive-type magneticgenerator through a current breaker are determined by three dimensionless parameters
(T9=Ly/ReT, b=BLyI%/2m,/ 2my, M=1/L,) and the dimensionless time (x=t/T).

The condition for the achievement of the boiling point of the current breaker at the end of a cycle of
the explosive-type magnetic generator connects the parameters 7y, b, and 1 by a dependence which, with
fixed values of 7 and sufficiently large values of 7, is linear (Figs. 2, 3),

The war king range of the parameters 7, and b lies in the region of values b=0,5-13, 7,=30-100 for
Al, 77=30~130 for Cu.

With the condition nL;>10R,T, the inductive load can be connected directly in parallel with the cur-
rent breaker,
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