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Figure 3. Hysteresis loop of sintered toroid samples pro- Figure 4. Custom-designed round cable ferrite core.

duced of Mn-Zn ferrite (M-30-IHIS).
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Figure 5. The schematic diagram measurement test: DC source, vector analyzer, and ferrite core.
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Figure 6. Round cable ferrite core wound with different numbers of turns (left) and ferrite core with an additional
magnetizing coil (right) with DC current bias Im (front view).

Characteristic parameters such as maximum of impedance Z,, at frequency F,, and in the suppressing
range f around F, (defined as 0.707 Z,,) were calculated and are given in Table 1 and Table 2.

The input impedance was measured as a function of frequency while the number of turns (N) was varied
as a parameter. The obtained impedance values are shown in Figure 7. Increasing the number of turns N from
1 to 10 leads to an increase of the maximum of impedance from around 1 to 20 k{2, while the frequency of

that maximum decreases from about 310 to 6 MHz, as given in Figure 7 and Table 1. The frequency of the
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Table 1. Round cable ferrite core impedance vs. frequency (different numbers of turns).

PETROVIC et al./Turk J Elec Eng & Comp Sci

N | Zn Fn Fy Fy f=F-F"n
Q] [MHz] | [MHz] | [MHz] [MHz]

1 988 308 44.61 404.1 359.5

2 2497 93 42.52 153.37 | 110.8

3 3918 50 2792 | 78.01 50.08

4 5192 32 17.48 | 50.68 33.21

5 6489 19 11.51 29.37 17.86

6 8196 15 9.35 22.15 12.8

7 10,218 | 11 7.68 16.53 8.85

8 12,387 | 8.8 6.31 12.27 5.96

9 15,021 | 7.4 5.49 9.86 4.37

10 | 17,966 | 5.9 4.59 7.7 3.11

Table 2. Round cable ferrite core impedance vs. frequency (different currents).

I, Zm Fn Iy F f:F2_F1
(A | [0 | MHZ | MEZ) | MEZ] | [MEZ]

0 5902 | 31.2 18.93 | 45.57 | 26.64

3 5798 | 31.3 19.13 | 45.81 | 26.68

5 5756 | 31.4 19.86 | 46.32 | 26.46

8 5748 | 30.4 21.17 | 47.55 | 26.38

10 | 5734 | 30.5 22.81 | 48.57 | 25.76

suppressing range Af around F,,

turns increases.

20

Figure 7. Impedance of a ferrite round cable core made of M-30 ferrite vs. frequency in the MF range. N - Number of
turns (left). With DC current bias Im - DC bias current (right).

Then Z;, = Z was measured for the same core but for a fixed number of turns (in this case four, N = 4,
as shown in Figure 6), and the core was externally magnetized with DC bias current I, in the range of 0-10 A
by an additional one pass of the wire through the hole of the ferrite core. The obtained impedance is shown on
the right in Figure 7. When DC magnetizing current I, is applied through an additional one pass of the wire
through the hole of the ferrite core are given on the right in Figure 7 and in Table 2, the maximum of impedance

Zm (for N = 4 turns) is between 5.7 and 5.9 k), approximately. Increasing Im from 1 to 10 A DC through the
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defined at 0.707 of Z,, also decreases from 360 to 3 MHz as the number of
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additional coil decreases F,,, from 31.2 to 30.5 MHz and also decreases the suppressing range from 26.6 to 25.8
MHz. The values in Table 2 and Figure 7 (right) are very close to real currents in UPS units although measuring
signals and magnetizing current are magnetically superposed on the ferrite core with two separated coils while
in practice noise and DC currents are in the same wire. The insertion loss in the small signal regime can be
determined from impedance Z as A = 20log(Z/50w). The impedance changes from around 2 to 6 k€ from 10
to 50 MHz, giving an insertion loss from 32.4 to 40 dB. This is quite suitable for switching noise suppression in

UPS and power supplies.

4. Round cable ferrite core in the impulse regime

The same round cable ferrite cores were tested in the impulse regime: first high currents were switched by a
MOSFET transistor to form a stream of impulses V;,, as shown in Figure 8, while V,,; and I were observed
using a Tektronix TPS-212B digital storage oscilloscope and plotted versus time. The number of turns N was
changed as a parameter. Impulses of 2 and 10 A were analyzed. The high currents switched by a MOSFET
transistor were controlled by a function generator. The first (switch ON or step up) and the last (switch OFF or
step down) edges were plotted on separate diagrams versus time: practically, the ferrite in the impulse regime
core acts as a switching noise suppressor. Step up and step down edges of input current impulse are given in
Figure 8. After that, the number of turns was fixed to N = 4 and the core was externally magnetized with DC
bias current Im in the range of 0-10 A using an additional one pass of the wire through the hole of the ferrite

core. Impulses of 2 and 5 A were analyzed.

Input current impulse
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Figure 8. Round cable ferrite core in the impulse regime: varying N number of turns (top), Im - magnetizing DC bias
current varied for 4 turns (bottom), step up and step down edges of input current impulse (right).

The responses of the ferrite core as a suppressor to the “step up” part of the impulse for two switching
current values of 2 A and 10 A as shown in Figure 9 show an increase of delay of the “first edge” with increasing
number of turns. The delay is higher for higher switching steps of 10 A compared to 2 A. This can be explained
by a rise of impedance and growth of relative magnetic permeability on the hysteresis loop with increasing
magnetic excitation force. The “step down” responses shown in Figure 9 present the “tail effect” or a delay
effect that also increases with the number of turns as Z(N) increases. The delay is longer for higher step down

inputs of 10 A compared to 2 A, as given in Figure 9.
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