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ABSTRACT

This paper introduced cascading technique as a new technology composed of two pulse transformers and
presented the experimental data and results. To obtain the stable pulse voltage adopted cascading technique,
we designed and tested a compact pulse generator by adjusting the load resistors and input voltage. Adopting
cascading technique to load, we found that average cascading voltage was about 62% of theoretical value.
Cascading ratio was calculated at almost 19 compared with non cascading voltage.
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1. INTRODUCTION

Recently the pulse power systems have been
widely used to many fields, such as E/P(Electrostatic
Precipitator) to remove the industrial dust,
DeNOx/DeSOx power system[1-2], ozone generator

and power source of laser beam[3], etc.
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Many countries are interested in the solution of
environmental pollution by using the practical and
economical Pulse Generator (P/G)[4-6). In Ref.[4],
the author constructed a pulse transformer of turn
ratio about 5, and tested insulation breakdown of oil

submerged pulse transformer in USA. Ref.[5]
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indicated that they designed pulse transformer and
experimented the response for ome kind of pulse
transformer in Japan.

1t’s required that a P/G can make a pulse voltage
with very steep increment ratio of pulse duration to
treat the environmental pollution{6]. Our approach to
increase pulse voltage with a compact pulse
transformer. :

insulation of the pulse transformer that had pulse

we used not oil insulation, but layer

duration of several (s, rising time of a few hundred
ns and withstood peak voltage of several tens kV.

In this study, we propose a new technology,
cascading technique(CT), to increase pulse voltage as
new method. We have been developed a compact
pulse generator applied to CT to be made of two
pulse transformers with each diameter 40mm and
compared the cascading voltage with non cascading
one by applying the pulse energy to load. We
obtained a stable impulse with duration of several
(s, rising time of a few hundred ns, several tens to
hundreds repetition rate and peak voltage of several
tens kV in pulse generator.

2. PULSE GENERATOR

2.1 Pulse Generator Circuit

The P/G and SCR control circuit is shown in
Figure 1. In this circuit, the parameters are as
follows : Capacitor3 (C3) 0.5 pF, Lp=1l gH
(primary inductance of Tr1), L«=720 u H(secondary
one of Tr2), Lp=720 pH(primary one of Tr2),
L;=268mH (secondary one of T12). And coupling
coefficient K is equivalent to 0.78.

The charging voltage in C3 is discharged in Trl
by triggering the gate of SCR(Silicon Controlled
Rectifier). The storage enmergy in Trl is transferred
to Tr2 and to load. The tum ratio o of Trl is
about 1:8 and g, of Tr2 is about 1:7.

[Fig. 11 FB/G and SCR control circuit

We designed the storage system in the range
from input minimum voltage 60V to maximum one
180V.
technology, CT, and
waveforms by using resistor in load. The storage

Likely figure 1, we introduced a new
observed the impulse
energy of capacitor (We) and inductor (Wk) per unit
volume are given each equation 1 and 2. [7]
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Here, E : electrical field intensity[V/m]l, : ¢

permittivity[F/m) , D : electric flux density[C/mz] :
: permeability[H/m), B :
my.

And joule loss(#,) and total storage energy of

magnetic flux density[wb/

inductor(W;) are given each equation 3 and 4. [7]
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Here, W, : Joule loss of inductor[J}, W; : total
storage energy of inductor[J], T : charging time[s],
R : electrical resistor of inductor[2], i : charging
current of inductor{A], I : current after charging
inductor{A]. Also, output voltage of pulse in load is

each equation 5 and 6.[7]

V,R
y=_2 {l—e_at (E—sin wt + cos wi)}
Z+R w
@@ < b) ©)
Here, V, : input voltage[V],
1 Z 1 1 Z+R
=~(S4—), b=-=—
=Tt e,

w=Vb —az(a2 <b),

Z : circuit impedance[ 2],

R : load resistor[2] and . ¢ 2“/\/1:70 =2m/b

~ 2,2
Also, a—27t§/10,b—4n /ro
2L,
V=—=2fi—e 0 ¢ sin2ryl -2 1y v cosaryll - £ 2 L <)
Z+R 1%«2 Ty 7y

(6)

By changing load resistor(R), we can adjust
overshoot in voltage waveform.

At equation (6), V has overshoot in voltage
waveform likely figure 4.

=He 2
L==Nt ] ™

Here, Ae[m2] is the cross area of magnetic flux.
And N is turns of transformer.

2.2 Pulse generator circuit

block
diagram and SCR gate signal. By using voltage
divider(Model NorthStar PVM-1, 1/1000) and

[Figure 2] indicates the experimental

CT(Model : Pearson Current Monitor 4997, 1/100),
we monitored the pulse waveforms by using
LeCroy 9310AM). And we
designed the control circuit parameters with UJT

oscilloscope (Model :

(Uni Junction Transistor) to feed transmission

charging energy of C3 to load in 10(s.
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(a) P/G block diagram
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(b) SCR gate signal
[Fig. 2] P/G block diagram and SCR gate signal

3. EXPERIMENTS AND
MEASUREMENT

3.1 Pulse voltage characteristics of
load resistor 12k Q

[Figure 3] and [Figure 4] show the pulse voltage
waveforms of Trl_out(non cascading voltage) and
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Tr2_out(cascading voltage) vs. input voltage 120V.
We found that the voltage pulse with rising time of
200ns, duration of 1.5(s and peak voltage 580V in
Trl_out was obtained. And peak voltage 13kV in
Tr2_out was obtained.

From these figures, negative voltage due to
impedance non matching between storage system and
load can be decreased as adjusting resistor value.
They are similar to waveforms obtained by using
electrodes, such as pin to pin or plate to plate
electrodes instead of load resistor. For this condition,
we chose resistor value and tested. We’ll later study
possible influence of negative voltage on the gas
ionization.
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[Fig. 3] Pulse voltage waveform of Trl_out(non
cascading voltage)
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[Fig. 4] Pulse voltage waveform of Tr2_out(cascading
voltage) vs. input voltage

[Figure 5] gives voltage increment ratio of
Trl_out and Tr2_out in the range of AC input
voltage from 60V to 180V. We found that peak
voltage is plotted in the form of linearity and yet to
saturate in this figure. Table 1 provides the
T.V(theoretical value) and M/T(measured/ theoretical
value) of Trl_out & Tr2_out.

The theoretical value was based on the assumption
that coupling coefficient K of pulse transformer was 1.
The average value of Tr2_out, cascading voltage, had
about 58% of theoretical value. And this value
adequately has to be considered on designing pulse
transformer. We obtained the cascading pulse voltage
with rising time 300ns, width 1(s, peak voltage over
18kV by using compact pulse transformer adopted
cascading technique.

i 12 ——- 27
’ ;;“ 1 ﬁ Trt E 225
208 : 17§
3067 T 11273
E o ST . E
ouput voltage

60 90 120 150 180

(=]
[V}

int vig[v]

[Fig. 5] Voltage increment ratio of Trl_out and
Tr2 out in the range of AC input voltage from 60V
to 180V in load resistor 12k
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[Fig. 6] Voltage increment ratio of Trl_out and
Tr2_out in the range of AC input voltage from 60V
to 180V in load resistor 24kQ
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<Table 2> provides that M.V(measured value) and
cascading ratio of Trl_out & Tr2_out. Even though
the same turn ratio (, it’s different in Tr2_out M.V
according to the primary and secondary inductance
\each of Trl, Tr2. The more inductance had the
secondary value of Trl than the primary one of Tr2
under same turn ratio (, the more the peak voltage
decreased compared with same inductance. Because
of regarding the secondary tums of Trl and primary
tums of Tr2 as a kind of transformer, peak voltage
possibly was decreased.
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[Fig. 7] Voltage increment ratio according to load
resistor

<Table 1> T.V and M/T value of Trl_out & Tr2_out
(1:8, 1:10)* T.V : Theoretical Value, M/T :
Measured/Theoretical Value

o) 55| 5% | B | EASS
60 1.3 13 19 50
90 2 20 20 56
120 27 27 21 65
150 34 34 22 58
130 4 40 28 63

<Table 2> M.V and cascading ratio of Tr_1 out &
Tr 2 out* MV : Measured value
* cascading ratio= Tr2 out M.V/ Trl_out M.V

b viel¥] | v | Mo | e
60 0.25 6.5 26
00 0.4 13 32
120 0.58 18 31
150 0.75 20 27
180 1.1 25 23

3.2 Pulse voltage characteristics of
load resistor 24k

[Figure 6] indicates voltage increment ratio of
Trl_out and Tr2_out in the range of AC input
voltage from 60V to 180V. Likely figure 5, we find
that peak voltage is plotted in the form of linearity
and yet to saturate in this figure. This output
characteristics is similar .to load resistor 12k(. Table
3 provides the T.V and M/T of Trl_out & Tr2_out.

The average value of Tr2_out, cascading voltage,
had about 66% of theoretical value.

[Figure 7]
according to load resistor. Adopting the cascading

shows voltage increment ratio
technique to pulse transformer, as a result, we
obtained the average cascading voltage increased
about 62% of theoretical value compared to not

cascading one.

4. DISCUSSION AND CONCLUSIONS

On the basis of design considerations, we built a
compact pulse generator using cascading technique.
Adopting cascading technique to load, we found
average cascading voltage was about 62% of
theoretical value. Cascading ratio was obtained about
19 compared with non cascading voltage.
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Even though the same tum ratio (, it's different
in Tr2_out M.V according to the secondary and
primary inductance each of Trl, Tr2. The more
inductance had the secondary value of Trl than the
primary one of Tr2 under same tum ratio (, the
more the peak voltage decreased compared to same
inductance. On designing the cascading type pulse
transformer, we have to consider the primary
inductance of Trl and secondary one of Tr2. These
results could be attributed to other applications, such
as removal of industrial pollution[6] and pulse
generator required for a stable impulse with duration
of several (s, rising time of a few hundred ns and
peak voltage of several tens kV in pulse generator.
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