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A new dc current detector using bridge-connected magnetic circuit
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This paper describes performance characteristics of a bridge-connected magnetic circuit with
singie output winding in dc control. The difference between positive and negative amplitudes
of output current changes with the dc control current. An application of the bridge-connected
magnetic circuit to a dc current detector is presented in this paper.

INTRODUCTION

The authors reported a bridge-connected magnetic cir-
cuit which is constructed with an amorphous toroidal core
and a U-form core, and its applications to measuring and
controlling devices.”? In these applicaticns, the output
winding was wound separately around both sides of the to-
roidal core which is divided by the U-form core.

On the other hand, the output winding can be formed
around one side of the toroidal core.® Few papers, however,
have reported the detailed operation of the magnetic circuit
with single output winding.

In this paper, we describe performance characteristics
of a bridge-connected magnetic circuit in dc control. The
difference between positive and negative amplitudes of out-
put current changes by the dc current and its flow direction.
Based on this feature, we present a new dc current detector.

FUNDAMENTAL OPERATIONS

Figure 1(a) shows a core structure of bridge-connected
magnetic circuit. In the figure, 4 is an amorphous toroidal
core with rectangular 8- loop and 8 is a U-form core with
low permeability. Figure 1(b) shows the basic circuit where
N, is the output winding, N is the control winding, e is the
supply voltage, 7, is the output current, and I is the de
current.

For the analysis, let No. ! and No. 2 denote the magnetic
paths of the torsidal core which is divided by the U-form
core, and ¢y, ¢,, and &, be the fluxes of No. 1, No. 2, and U-
form core. The positive of the carrents and fluxes are in the
direction of the arrows shown in the fgurs.

Figure 2 shows the voltage, current, and fluxes wave-
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B: U-form core
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FIG. 1. Schematic diagram of the birdge-connected magnetic circuit. (a)
Core structure. (b) Basic circuit.
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forms. This shows that the positive amplitude of 7, is larger
than the negative one when [ - flows in the positive direction,
and that the negative amplitude of i, is larger than the posi-
tive one when /. flows in the negative direction.

Now, we obtain the output current under simple as-
sumptions. Figure 3 shows the magnetization curves used
for the analysis. In the figure, « is the magnetization curve of
the toroidal core, where P, is the saturating permeance and
& is the saturation flux. A is the magnetization curve of U-
form core, where P, is the permeance.

Let the supply voltage e, = J2E, sin ot and let the
magnetic intensities of No. 1, No. 2, and U-form core be |,
H,, and H,. Then the fundamental equations formed in Fig.
1{b) are

¢1“‘¢2+¢3=09 (1)
Hl, + B, =N i, (2)
H’ZIL + Hsi. =N i; + Ncle, (3}
N, (%) + Ri, =2E, sin wt, (4)

where /; is the length of the magnetic paths No. 1 and No. 2,
and /- is that of U-form core.

Figure 4 shows the time variations of voltage, current,
and fluxes when [ flows in the positive direction. In the
figure, 1, 1,, I, and ¢, are the times. [, is the positive ampli-
tude of i; and f;, the negative one.

A. Mode | {(f<f< s}

In this mode, H, = H, = Obecause No. ! and No. 2 are
not saturated. So, {; = 0. The flux ¢, is obtained by using

(en 08 ) (lc= 0.38)

(Ic=~0.3A)

FIG. 2. Observed waveforms obtained in the cireunit shown in Fig. 1{b}.
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Egs. (1) and (4} under the initial condition that ¢, = — P4
att=¢,. That is,

¢, = dp(cos wt, — cos @) — By + PN, (3)

where ¢, = \2Ep/wN, . When ¢, reaches to @, the current
i; begins to Sow and the core operation turns in next mode.

B. Mode i {(f<f<fy)

In this mode, No. 2 is saturated. The permeance of the
saturated magnetic path No. 2is 2P,. Then

di
% _ 26N, (__)
dt dt
Therefore, the circuit equation is obtained by using Eq. (4},
as foliows:
iy

2,P,NL2<?) + Ri, =\2E, sin wt. (6)
I

From Eq. (6), we obtain /; under the initial condition
that i; =0 atz=1¢, Thatis,

i = (‘/%ZE”)[sin(wz —£.)

r

{t, —
_ﬁsin(wtzug“r)expvz t)}, {(7)

7y
where 7, =2P.N}/R, and

Z, =R [T+ (wr,)

&, = arctan(ar, ),
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When i given by Eq. (7) decreases to zero, No. 2 turns
in unsaturated region and the operation turns in the next
mode.

C. Mode Hl {(f:<t<fy)

in this mode, No. 1 and No, 2 are not saturated. So,
iy = 0. ¢, is obtained by usig Eqs. (1) and {4) under the

initial condition that ¢, = ®¢ at £ = ;.
&, =dp(coswt, ~coswt) + Dy — PNk (8)

When ¢, reaches to — g, the output current /, begins to
flow and the operation turns in the next.

D. Mode IV (f1<i<t4+- T}
In this mode, No. 1 is saturated:

dé, (diL)
et = (2P 4 PN L —
dr (28, + £l dt

The circuit equation is

i
(2P. + P )Nﬁ(i—) + Ri, = \3E, sin wt. (9)

From Eq. (9), we obtained the current i, under the
initial condition that{, =Qat¢=1,,

i = (gEPMsin(wz — &0}

<r

— sin{wt, — §c,)exp<t“ - IH

Ter

(10)

where 7, = (2P, + P )N /R, £, = arctan{wr, ), and
Z., =R.\T+ (wre)”. When i, given by Eq. (10} de-
creases to zero, the core operation returns to mode L

The time ¢,, £, #5, and 7, satisfy the following equations:

i (mA) i (mR)  NL=600
0.3r 9.3r Ncgéao
N =800 weas, Py —MEAS.
0.2 Nc=800 __cp . 0.2 -~ CAL.

e,

0.1p 8.1k
b 2%
t] ) £ § Q ;]

VAR / w/e
-0.1L wt {rad) -0.1 wt
Ep=1.30 V Epe
-0.2L R =7.25 @ -0.2L R =
-0.3L I¢=0.1 A 0.3k 1¢=

FIG. §. Comparisons between the calculated output current and measured
one.
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FIG. 6. Relationship
between the value Al, and
the de current ..

Ic (A)

~0= MEAS.
---- CAL,

cos wt, — cos oty = (V/¢p ) (2Dg — PN ),
cos @ty — cos why = (1/¢p) (2Pg — Po NI,
sin{wt, — &, Yexp[ (&, ~ 5,)/7,] —sin{wt, ~ §,) =0,
sin(wty — £, )expf (2 — 4, — D /ire, ]
+ stn{wt; — &g, ) =0 (1)

Using Egs. (7), (10), and (i1), we can obtain the val-
uesof I, and 7.

Figure 5 shows the comparisons of the calculated output
current with the experimental one. The following values
were used in the calculations: P, = 7.60<X 107° Wb/A, P,

=0.34x 107 Wb/A, and O = 1.42X 107" Wb. From
Fig. 5, it is revealed that the calculated values agree well with
the experimental ones.

Now, let Af; denote the difference between positive and
negative amplitudes of ;. Thatis Al; = [ | — |I,,|.

L le
}
N .+
epr,  R|J | Eo
E Lol
[ S 4 -

FIG. 7. Circuit configuration of the de current detector.
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Figure 6 shows the relationship between Al} and the dc
current . This reveals that AF, depends on the value and
flow direction of the dc current, and that the bridge-connect-
ed magnetic circuit is applicable to a de current detector. I
the number of the control winding is one turn, it is expected
to measure very large dec current.

APPLICATION TO A dc CURRENT DETECTOR

Figure 7 shows the circuit configuration of the de cur-
rent detector. In the figure, £ is the measuring conductor.
The voltage E, of the circuit enclosed with dotted rectangie
is proportional to Al; mentioned above.

Figure 8 shows the relationship between the value £,
and the measuring dc current {.. Good linearity is obtained
within the dc current range of -+ 100 A in the experiments.

CONCLUSION

The operation of a birdge-connected magnetic circuit
with single output winding in dc control has been described.
The dc current detector presented here can measure a large
dc current and detect its flow direction without touching the
measuring conductor because the U-form core is easily de-
tached from the toroidal core and clamps on to the measur-
ing conductor.
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