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The paper describes new electric circuits of multi-cascade generators based on stepped lines. The distinction of the
presented circuits consists in initial storage of energy in electric and magnetic fields simultaneously. The circuit of
each generator, relations of impedances, values of initial current and charge voltages are selected in such a manner
that the whole of initially stored energy is concentrated at the generator output as a result of transient wave proc-
esses. In ideal case the energy is transferred with 100% efficiency to the resistive load where a rectangular voltage
pulse is formed, whose duration is equals to the double electrical length of the individual cascade. At the same time
there is realized a several time increase of output voltage as compared to the charge voltage of the generator. The
use of the circuits proposed makes it possible to ensure a several time increase (as compared to the selection of the
number of cascades) of the generator energy storage, pulse current and output electric power.

PACS numbers: 84.30.Ng; 84.70.+p
1 INTRODUCTION

Development of high-current linear induction accel-
erators at VNIIEF promotes a search for new circuits for
systems of high-voltage pulse formation. As a result
there were developed multi-cascade generators on step-
ped lines possessing 100% efficiency in ideal case [1,
2]. As well as all generators based on transmission lines
they can be subdivided in two types - generators with
capacitive and inductive energy storage depending on
the fact whether an initial electromagnet energy is sto-
red only in the electric field or the magnetic one. Below
presented are circuits of new type [2-9]. Due to the fact
that the energy in them is stored simultaneously in both
the electric and magnetic fields, such devices are called
generators with inductive-capacitive energy storage or
inductive-capacitive generators. They are made of ho-
mogeneous line sections (cascades) of the same electri-
cal length T, as a stepped line. A stepped line cased with
a current interrupter placed at the output form an induc-
tive storage. A matched load is connected to generator
output in parallel with the current interrupter. In the in-
ternal space of stepped line there is placed a high-
voltage electrode forming together with stepped line
case a capacitive storage in the form of homogeneous
line sections (n=2) of the same electrical length T,

Generators operate in the following way. In the clo-
sed circuit formed by the stepped line case and current
interrupter under the action of the external source there
appears the current Iy and the magnetic energy is stored
in the whole volume of stepped lines. Simultaneously a
high-voltage electrode is charged up to U, voltage from
another external source, and the electric energy is stored
in several cascades. At the moment when the energy
storage process is finished a switch S; is turned on
closing a gap between a high-voltage electrode and the
stepped line case. As a result, electromagnet waves ap-
pear in the stepped line. A generator circuit, relations of
cascade impedances as well as I and U, values are se-
lected in such a way that as a result of transient wave
processes the whole energy is concentrated at the gen-

erator output. At the moment when the first wave ar-
rives to it there occurs current interrupter S, disconnec-
tion, and energy is supplied to the load where a squared
pulse is formed with 2T duration.

2 ELECTRIC CIRCUITS OF GENERATORS

Fig. 1 shows three circuits of generators with induc-
tive-capacitive energy storage [2-6] that differ in confi-
guration of capacitive storage. Capacitive storages in the
first and second circuits consist of two cascades, and in
the third circuit the number of charged cascades grows
up to 4. Note that only those circuits have been found
that raise the voltage.
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Fig. 1. Circuits of generators with inductive-
capacitive energy storage.

In order to get 100% efficiency in ideal case, imped-
ances as well as U and I should be selected according
to the formulas given below.

For the first variant (Fig. 1a):
Z,=ZAA+D/N[A+i-DA+D)], i=12,..,(n—2),
Z, = ZAA+DIA+n-2)A +n -1,
Z,=ZAOA+D)/(A+n-1),
1,=U,1Z,)A+n=1)[AQA +1)].
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For the second variant (Fig. 1b):
Z.=ZAA+D/NA+i-DA+D)],i=12,.,n—3,
Z,,=2,_,=ZAA+1)[(A +n=3)2A +2n-5)],
Z,, = ZAA+1)/[A +n=-2)2A +2n-5)],

Z,=Z, AP +1)/(A +n-2),
I, =U, /2, oA +2n=5) A(A +1)].
For the third variant (Fig. 1c):
Z,=ZAQ+ ) +i-1)(A +i),i =1,2,...,n - 4,
Z, s =ZAA+1)12( +n=3)0{A +n - 4)),
Z,,=2Z ., Z,, =ZAM+1)12( +n-3)),
z,=2,,,1,=(U,/2,2(A +n=3)1A (A +1)]

Factor A equals to the relation between electric and
magnetic energies stored in the generator. The voltage
on the matched load for the first, second and third vari-
ants exceeds U, by (A+n-1)/2X, (2A+2n-5)/2A and
(An-3)/A times, respectively. Addition of every sup-
plementary cascade to the generator raises the voltage
on the load by for the first variant and by Uy/A for the
second and third variants.

As an example, Fig. 2 presents relations between im-
pedances for generators with total electrical length of
stepped lines equaling 3T, for the case when in the
electric and magnetic fields the equal energy is stored
(A=1). In the first and second variants the generator con-
sists of four cascades, and in the fourth variant — of five
cascades. The voltage on the matched load exceeds Uy
by 2, 2.5 and 3 times, respectively. Connection of each
supplementary cascade raises the voltage for the first
circuit by 0.5U, and for the second and third one - by
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Fig. 2. Circuits of generators (see Fig.1) for the case
when the total electrical length of stepped lines is
3Tyand A=1.

In Fig.3 presented are circuits similar to those
shown in Fig. 1 but with connection of switch S, to the
high-voltage clectrode of capacitive storage through
additionally charged (up to the voltage U,) transmission
line with impedance Z, [7-9]. In such devices, for ex-
ample, those with a supplementary line in the form of
high-voltage cable lines connected in parallel, switches
of multi-channel commutator S; will be removed from
the stepped line volume that will facilitate their mainte-
nance and substitution.

For the circuits presented in Fig. 3 the relations of
parameters have been obtained, provided they are ad-
hered to, they possess 100% efficiency in the ideal case.

For the first variant (Fig. 3a):

Z,=ZAQA+1)A +)A-1+i)i=1,2,.... n -1,
Z, =722 (A +1)/(2A +2n-3),
Z,=72A(A +1)/ 2A +2n-3)*,
1, =(U, /2 Yen+22 =3)[A(A +1)].

For the second variant (Fig. 3b):
Z, =z A1) +)tA -1+i),i=1,2,...,n -3,
Z,, =22AA+1)/[Bn+3A=7)(n+ A -3)],
Z,, = ZAA+1)/[Bn+3A=7)(n+ A -2)],
Z,=ZAA+1)/ (n+2-2),
Z,=22A(A +1)/(Bn+31-17)7,
1,= (U, /2, 3n+3A=7)[A(A +1)].

For the third variant (Fig. 3c):
Z =7z A+ D) +i)A+i-1),i=1,2,...,n -4,
Z, ., =Z AN +1)/Br+A-3)n+A-4),

Z =27, Z, ., =ZAA+1)/3 (n+A-3)],
7 =27 ., Zy =222 (A +1)/[9 (n + A -3)°],
1,=(U,/2)BE+A-3)1A(A+1)].
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Fig. 3. Circuits similar to those presented in Fig. |
but with connection of switch S; to a high-voltage
electrode of the capacitive storage through a sup-

plement transmission line.

The output voltage for the first, second and third
variants exceeds Uy by (2n+20-3)/2A, (3 +3n=7)/2A

and 3(n+ A —3)/2A times, respectively. Addition of every
supplementary cascade to the generator raises the volt-
age by Uy/A for the first variant and by 3Uy/2A for the
second and third variants.

As an example, Fig. 4 shows optimal relations of
impedances for generators with a total electrical length
of stepped lines of 3T, for the case A=1. The voltage on
the matched load exceeds U, by 3.5, and 4.5 times, re-
spectively. Connection of each supplementary cascade
raises the voltage for the first circuit by Uy and for the
second and third circuits - by 1.5U,,.

In order to raise the voltage on the load, in all cir-
cuits under consideration it is necessary to increase the
number of cascades and/or diminish the parameter A.
Addition of supplementary cascades is accompanied by
the growth of relation between maximal and minimal
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impedances of stepped line that for coaxial lines does
not exceed 20, as a rule, provided one type dielectric is
used in the whole generator.
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Fig. 4. Circuits of generators (see Fig. 3) for a par-
ticular case that the total electrical length of stepped
lines is 3Ty and A=1.

In order to disconnect the current interrupter, one
can use the circumstance that at the moment when the
first wave arrives to the current interrupter the current
grows for all circuits discussed by (A+1) times. This can
simplify realization of synchronous operation of several
generators as a part of the multi-module facility. To re-
liably disconnect the current interrupter, it is expedient
to increase the parameter A, i.e., to grow the electric
energy fraction in the total energy storage. The analysis
shows that the circuits proposed should possess a high
efficiency at varying both cascade impedances and the
parameter A in rather a wide range.

3 COMPARISON OF CIRCUITS WITH
INDUCTIVE-CAPACITIVE AND
CAPACITIVE ENERGY STORAGE

To determine the field of possible application of the
circuits proposed, let us compare characteristics of cir-
cuits with inductive-capacitive energy storage and those
with capacitive energy storage. As the first one let us
select a circuit of five-cascade inductive-capacitive gen-
erator (Fig. 5a) presented in Fig. 2¢, and as the second
one - a circuit of a similar five-cascade capacitive gen-
erator (Fig. 5b) [2]. The last circuit was used when de-
veloping accelerators STRAUS and STRAUS-2 [10].

In the ideal case both circuits possess 100% effi-
ciency and form a squared pulse of voltage of 2T, dura-
tion. To perform comparison, let us commit the values
Uy, Z, Ty. In the first circuit the electric energy is stored
3U, “To/2Z as well as magnetic energy that is equal to it.
That is, the total energy storage is 3U02T0/Z. The output
voltage, current and electrical power in the matched
mode are U=3U,, I=Uy/2Z, P:3U02/ZZ. In the second
circuit, in the course of charging the forming line, the
electric energy 6U,"Ty/5Z is stored. The output voltage,
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current and electrical power are U=3U,, [=Uy/5Z,
P:3U02/SZ in the matched mode.

Uo
Io S t=2To
a 227 671 7
27 =0 7 S2

e =2
57/4 6Z | 7L

37 t=0157/4

Fig. 5. Circuits of generators with inductive-
capacitive (a) and capacitive (b) energy storage.

Thus, the inductive-capacitive generator provides
the same voltage rise in the maximal efficiency mode as
the capacitive generator. However, in the first case the
energy storage, current and output power increase by
2.5 times.

From the comparison performed one can make a
conclusion that generators with inductive-capacitive
energy storage possess significant advantages. Along
with a rather high factor of voltage increase they pro-
vide increase of energy storage, current and power by
several times. An additional advantage of such devices
(as compared to the capacitive generator discussed
above (Fig. 5b) whose operating pulse is a second volt-
age one), is the absence of the pre-pulse voltage on the
load. The last circumstance can be determinative for
powerful generators with low-impedance loads.

REFERENCES

1. V.S.Bosamykin, V.S.Gordeev, A.l.Pavlovskii New
schemes for high-voltage pulsed generators based on
stepped transmission lines // Proc. of IX Intern. Conf.
on High-Power Particle Beams “BEAMS 92”. Wash-
ington, DC, May 25-29, 1992 v. 1, p. 511-516.

2. V.S.Gordeev. Schemes of high-voltage pulse shapers
on the basis of stepped transmission lines for high-
current accelerators // Problems of Atomic Science and
Technology. Issue: Nuclear-Physics Research (35).
1999, No. 4, p. 68-70.

3. V.S.Gordeev, V.S.Bosamykin. Schemes of high-
power pulsed generators with inductive storages on
stepped lines // Proc. of XI Intern. Conf. on High-
Power Particle Beams “BEAMS 96”. Prague, 1996.
v.2,p. 938-941.

4. V.S.Gordeev, V.S.Bosamykin. Generator of high-
voltage pulses. RF Patent N2121216. BI. 1998. Ne 30.

5. V.S.Gordeev, V.S.Bosamykin. Generator of high-
voltage pulses. RF Patent N2121217. BI. 1998. Ne 30.

6. V.S.Gordeev, V.S.Bosamykin. Generator of high-
voltage pulses. RF Patent N2121218. BI. 1998. Ne 30.

7.  V.S.Gordeev, G.A.Myskov. Generator of high-voltage
pulses. RF Patent N2161858. BI. 2001. Ne 1.

8.  V.S.Gordeev, G.A.Myskov. Generator of high-voltage
pulses. RF Patent N2161859. BIL. 2001. Ne 1.

9. V.S.Gordeev, G.A.Myskov. Generator of high-voltage
pulses. RF Patent N2164054. BIL. 2001. Ne 7.

10. V.S.Gordeev, G.A.Myskov, V.O.Fillipov. et al. Inves-
tigation of STRAUS-2 pulse electron accelerator char-
acteristics // Problems of Atomic Science and Tech-
nology. Issue: Nuclear-Physics Research (35). 1999.
No. 4, p. 71-73.



