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ABSTRACT This paper studies fluxgate current sensors used for DC to high - frequency current measure-
ment in various industrial fields. Traditional fluxgate technologies have drawbacks in circuit complexity
and cost, while the self-oscillating fluxgate technology has model - related issues. An analytical model for
the open-loop self-oscillating fluxgate circuit is developed. Key parameters affecting circuit performance
are identified, and a trade-off between sensitivity and linear range is found. A three-core four-winding
self-oscillating fluxgate sensor is proposed. Experimental results show that DC and power - frequency AC
accuracy better than £0.1%, and high -frequency AC accuracy better than £1% within 20kHz. This research
provides useful insights for self-oscillating fluxgate current sensor design and optimization.

INDEX TERMS Self-oscillating fluxgate, current sensors, current measurement, output characteristic.

I. INTRODUCTION

Fluxgate current sensors, functioning as the AC/DC current
transformers, are capable of measuring from currents ranging
from DC to high - frequency. These sensors possess excellent
performance in terms of accuracy, dynamic response, temper-
ature stability, and long - term reliability. Consequently, they
find extensive applications in various industrial fields such as
renewable energy generation, electric vehicles, smart grids,
and medical imaging for energy and current measurement [1],
(2], (3], [4], [5], 6], [7], [8], [9].

The principle of fluxgate technology lies in the fact that
when an excitation signal is applied to the core of the sen-
sor, the resulting DC component induces even harmonics
in the secondary windings. DC currents can be obtained by
measuring the magnitude of these even harmonics through
demodulation methods. Traditional fluxgate technology can
be classified into phase-sensitive demodulation and peak-
difference demodulation, depending on the different demod-
ulation methods of the magnetic modulator. Since the 1950s,
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the theoretical basis and application research of fluxgate
technology have been gradually established. F C. Williams
and S W. Noble conducted research on the theoretical model
of the phase-sensitive demodulation magnetic modulator.
They employed graphical methods based on the segmented
linearization models of magnetization curves to derive the
output voltage equation of a dual-core magnetic modulator
excited by triangular - wave signals. Moreover, they experi-
mentally verified the sensitivity, noise, and error characteris-
tics of this demodulation method [10]. E J. Kletsky utilized
graphical methods to derive the output voltage equation of a
magnetic modulator excited by trapezoidal-wave signals and
analyzed the design principles of parameters such as exci-
tation frequency, core size, and magnetic permeability [11].
Although these magnetic modulation techniques exhibit out-
standing performance, the complexity of the demodulation
circuits and high costs limit their widespread use.

In the early 1990s, M. Filanovsky proposed a novel method
for measuring DC current. This method utilizes an RL multi -
harmonic oscillation modulator composed of nonlinear trans-
formers and operational amplifiers, which is known as the
self - oscillating fluxgate technology. A linear relationship

© 2025 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

86430

For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

VOLUME 13, 2025


https://orcid.org/0000-0002-0428-5176
https://orcid.org/0009-0007-8844-6638
https://orcid.org/0000-0003-4704-5364

K. Xiong et al.: Modeling and Measurement of a Self-Oscillating Fluxgate Current Sensor

IEEE Access

comparator
— Vs
A
Rl +
<+ D,
Ry
} D2

FIGURE 1. Schematic diagram of self-oscillating fluxgate circuit.

between the average excitation current and the input signal
is established through the arctangent function model of the
magnetization curve. However, due to the oversimplification
of current parameters in the circuit, there is a significant devi-
ation between the theoretical sensitivity and the experimental
values [12], [13]. A three - winding self - oscillating flux-
gate sensor was developed, which extended the measurement
range to 700A and achieved a measurement accuracy of 0.2%
[14]. Compared with traditional fluxgate technology, self-
oscillating fluxgate technology still has a major drawback.
The open - loop transfer function and sensitivity equation
of the self - oscillating principle have not been effectively
established. The existing segmented linear function models
or arctangent function models based on magnetization curves
are overly simplified, neglecting the influence relationships
among important parameters such as the excitation signal and
the number of windings turns. This makes it difficult to guide
the design of fluxgate sensors to achieve optimal sensitivity
and measurement accuracy.

In this paper, a four - winding self - oscillating fluxgate
sensor is proposed, which can achieve high - accuracy mea-
surement of both DC and high - frequency AC currents.
The rest of the paper is organized as follows: In Section II,
an analytical model for the open-loop self-oscillating flux-
gate circuit is presented. The design and working principle
of the proposed self-oscillating fluxgate sensor is discussed
in Section III. Section IV conducts an experimental inves-
tigation of the output properties of the open - loop self -
oscillating fluxgate circuit under different parameters, as well
as the DC and AC errors of the proposed self - oscillating
fluxgate sensor, and then analyzes the measurement results.

Il. ANALYTICAL MODEL OF SELF-OSCILLATING
FLUXGATE CIRCUIT

The self-oscillating fluxgate sensor is based on an
RL-oscillating circuit for magnetic modulation of the
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measured current signal. It incorporates a comparator cir-
cuit in positive - feedback mode and a nonlinear inductor,
as shown in Figure 1. C; represents a core made of nonlinear
ferromagnetic material with high magnetic permeability and
low magnetic saturation strength. An excitation winding W
is evenly wound around it, forming a nonlinear inductor
L with a winding resistance of Rc. The voltage-dividing
resistors R; and R, are used to set the forward threshold
comparison voltage VT and the reverse threshold comparison
voltage V™. The output terminal of the RL self-oscillating
circuit is connected in reverse-series with voltage stabilizing
diodes Dy and D; to set the peak excitation voltage Us.
The positive and negative peak values of the output voltage
vs of comparator A are symmetrical, ie. Vg = VT =
—V ™. The sampling resistor Rs is employed to sample the
excitation current signal iex. Wq is a primary winding, and
its current magnitude is /4. Ng and N are the winding turns
of the primary winding Wy and the excitation winding W1,
respectively.

When the self-oscillating fluxgate circuit is in operation,
the magnetization curve of the excitation core C; and the
variation of the excitation current ix are depicted in Figure 2.
The simplified nonlinear excitation magnetization curve of
core Cy is represented by a three straight lines. The hysteresis
effect can be ignored, because it cancels each other in two
consecutive half cycles. The inductance of excitation winding
W is L and [ respectively when the core C; operates in the
linear and saturation regions. The positive saturation current
of core C; is I, and the maximum excitation current of core
C; is In. To make the excitation current generated by the
self-excited oscillating circuit cause the core to enter the
saturation region, there is I, > I.

'Im

FIGURE 2. The magnetization curve and excitation current of the circuit.

When I3 = 0, the magnetization curve of the excitation
core C; is completely symmetrical. The excitation current
iex varies from the negative maximum excitation current
—Iy, to the positive maximum excitation current Ip,, passing
through the GEAC point. At this point, the output voltage
vs of comparator A reversed, changing from Vg to —Vy.
Subsequently, the excitation current enters the next similar
half cycle. According to the symmetry of the magnetization
curve of nonlinear magnetic core C1, it can be inferred that
the waveform of the excitation current iex is symmetrically
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cancelled out by the positive and negative surrounding areas.
Thus, the average value of icx in a complete cycle is zero.

When Iy > 0, the magnetization curve of the excitation
core C1 is shown as the dashed line on the left of Figure 2. The
excitation current required for the core C; to reach positive
saturation is Iyg, where Iyg = Iy — Iq; and 137 = (Ng/Np)
13. Conversely, the excitation current required for negative
saturation is —Isg = —Iy — I41. The excitation current iex
travels from the initial negative maximum excitation current
—Ipy to the positive maximum excitation current Iy, passing
through the GFBC point. The area enclosed by the positive
and negative waveform of the icx changes by —AS, where
—AS = —(AS1 + AS, + AS3) compared to the case when
Iy = 0. The average value of the excitation current iex within
a half-cycle is negative. The process of the next half-cycle
is similar and will not be elaborated here. Therefore, by cal-
culating AS and the half-cycle time t=t;+ty+t3, the average
output current value of the self-oscillating fluxgate circuit can
be obtained.

According to Kirchhoff’s voltage law, as shown in Fig.1,
the circuit equations for the nonlinear iron core C| operating
in the linear and saturation regions are:

diex(t) .
Vex =L Z(t + Rsumiex(t)
diex(t
Vex = lz,;( ) + Rsumiex(?) (D

where the total resistance on the excitation circuit iS Rsym,
i.e., Ryum = Rs + Rw1, and Rw is the internal impedance of
the excitation winding Wj.

As shown in figure 2, during the time O<t<ty, the nonlinear
iron core C operates in the negative saturation region of the
magnetization curve. The inductance of the excitation wind-
ing Wy is /, and the excitation voltage vex = V. Therefore,
the differential equation for the excitation current i.x during
this period can be derived from equation (1) as follows:

diex (1)
dt
The initial time of the above equation is t=0. With the

initial condition iex (0) = — I,. Solving the current equation
gives:

Vu=1

+ Rsumiex(?) 2

iex(t) = It — (I + In)e” 1 3)

where Iy =Vu/Rsum, Im = pVu/Rs, p)=R1/(R1 + R»), and
71 = I/Rsym.

Since the ¢ is very small and approximately zero, the Taylor
series of the equation (3) can be expanded to approximate the
following equation:

Roum _ ., @
l
The slope of the GE line, i.e., the slope of the excitation
current iex in the saturation region of the iron core, can be
expressed as:

iex(t) = (IH + Im)

Rs Im — Is — 1,
k= ) = = 22— 5)
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The time 7 can be solved as:

= ) (Im_ls _Idl) (6)
Rsum [H +Im

During the time #; < t < #; + t, the core C; operates
in the linear region of the magnetization curve. The induc-
tance of the excitation winding W7 is L, while the excitation
voltage remains vex = Vy. The differential equation for the
excitation current iex during this time can be obtained from
the equation (1) as:

diex(t) .
Vu=L Zt + Rsumiex (1) @)
Solving the above equation with the initial condition,
iex(t1) = —Is — 141, gives the current equation:
ﬂ
iex(t) =In — (g + Is + Iq1)e ™ ®)

Similarly, the Taylor series of the above equation can be
approximated as:

. tRSum
iex(t) = Iy + Is + 1q1) . Iy +Is + 1a1)

— I —Ia &)

thsum

The slope of the GB line, i.e., the slope of the excitation
current iex in the linear region of the core, can be expressed
as:

R 21,
ky =y +Is + Ia)—— = — (10)
L 153

The time 7, can be solved as:

L 21
= (11)
Ryum \Iu + I + Iq

Similarly, based on the initial conditions of i.x, the follow-
ing equation can be obtained:

Iy —Is+ 1 Ry
bt gy rr e — a2
13 l
And the time 73 can be solved as:
l I — I+ 1
1 = ( m s + 141 ) (13)
Rsum IH - Is + Idl

In general circuit, there are Iy > I, Im > Is, Im > Iq1.
Combining equations (6), (11), and (13), ¢ can be solved as:
2I(L — 1) + 2@yl

t=t1+t2+13=# (14)
sum/H

Also, Iy > I, Iy > Is, Iy > 131 . Combining equations (5),
(10), and (12), kq, kp, k3 can be solved as:

R
ki ~ky=Ig slum
Rsum
ky =1 15
2=1In— (15)

Therefore, AS; &~ AS3, and enlarged part of line ABC is
shown in Figure 3, the line AB can be solved as:

AB = AD —BD = Iy - — Iy L =1 (L_l
= - =lan— —la— =1u
k2 k3 HRsum

) (16)
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FIGURE 3. The enlarged part of line ABC.
The area of AS; + AS3 is:
AS) + AS; =2 Ly %1 (L_l) 12(L_l)
1 3 =2 X = X141 X Id] =
2 IHRsum di IHRsum
(I7)
The area of AS; is:
L—1 L—1
ASy = 2Is — Ia1) x g1 ( ) = 2Idq1( )
IH sum [HRsum
=t (18)
di IHRsum
Therefore, the area of AS is:
L—1
AS = AS1+ ASy + AS3y = 2[4, ( ) (19)
IH sum

Combining equations (14) and (19), the average output
current can be derived as:

AS  Lla(L—1)
t L(L =141yl
Substituting Uy = IopRwum and lqy = (Np/Ny) Ig, the
sensitivity of the self-oscillating fluxgate circuit is:
S_%_Rsum. IS(L_Z)
dly N1 L(L—=1)+1Ixl
If sensitivity S is differentiated with respect to the excita-
tion current Iy, to calculate the peak sensitivity:
ds Ryum I(L — Dl
—_ = — . <
dlm Nt [I(L — 1) + Inl7T?
The self-oscillating fluxgate circuit operates by leverag-
ing the saturation nonlinear characteristics of the core, and
I, > I must hold. Sensitivity decreases as Iy, increases.

Considering L >> [, the theoretical maximum sensitivity Sp,
occurs when I, = I, that is:

Iy = (20)

21

(22)

RSLIIII

S = N, (23)
According to equation (21), to increase circuit sensitivity,
it is necessary to increase Ry, while decreasing Iy, and Nj.
However, according to I{N1 = Hl, when N| decreases, I will
increase. To saturate the excitation core, I, still needs to be
increased. Overall, the impact of I, on sensitivity should be

smaller than that of Ry, and Nj.
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FIGURE 4. The Schematic diagram of the self-oscillating fluxgate sensor.

There exists a linear range equation for the self-oscillating
fluxgate circuit [15]:

(_Im + I5)N; <Iy< (Im _IS)NI

24
No slo=—% (24)

According to equation (24), to expand the linear range
of the self-oscillating fluxgate circuit, excitation current I,
and the number of turns of the excitation winding N
need to be increased. However, this contradicts the require-
ment for increasing sensitivity. Therefore, it is essential
to comprehensively consider the reasonable parameter of
the self-oscillating fluxgate circuit to achieve the optimal
open-loop sensitivity and linear range.

IIl. PRINCIPLE OF THE SELF-OSCILLATING FLUXGATE
SENSOR

Figure 4 shows the schematic diagram of a self-oscillating
fluxgate sensor with a three-core and four-winding structure.
The fluxgate sensor consists of two DC magnetic coils, an AC
magnetic coil, and a circuit module. The DC magnetic coil
T is composed of an excitation winding W1, a secondary
winding Wg, and a core C1. The DC magnetic coil T, consists
of an excitation winding W», a secondary winding Wg, and
a core C. The AC magnetic coil T3 is made up of an AC
detection winding W3, a core C3, and a secondary winding
Ws. The circuit module includes a self-oscillator, a low-pass
filter, a signal amplifier, a power amplifier, and a load resistor.
The self-oscillator is formed by threshold voltage setting
resistors Ry and Rj, excitation current sampling resistors R3
and R4, as well as comparator A. A nonlinear inductor L;
is constituted by the core C; and the excitation winding
Wi, and a nonlinear inductor L, is formed by the core C;
and the excitation winding W». The self-oscillating circuit is
composed of the self-oscillator and the nonlinear inductors
Ly and L.

The principle of single core self-oscillating fluxgate circuit
has been introduced in Section II and will not be repeated
here. Due to the alternating magnetic flux generated by the
excitation current ex 1, high-frequency ripples will be induced
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TABLE 1. Parameters of self-oscillating circuit.

PARAMETERS Value
Core Material nanocrystalline
alloy
inner diameter/ outer
diameter / thickness 48/51/3
(mm)
R]\ Rz
220\ 5600
Q)

= ==-3]

FIGURE 5. The self-oscillating fluxgate circuit test system.

in the secondary winding Wgs. To compensate for the excita-
tion magnetic flux, a reverse self-oscillating fluxgate circuit
is set up. The excitation current l.x» generates a reverse
excitation magnetic flux in the iron core C, produced by
the excitation voltage Us. The cores C; and C; are made of
the same magnetic material and are of the same size. The
number of turns of the excitation winding W and the exci-
tation winding W, are the same, ensuring that the excitation
magnetic fluxes in the cores C| and C; are equal in magnitude
and opposite in phase. For the secondary winding Wg, the
synthesized excitation magnetic flux caused by the cores C;
and C; are zero simultaneously.

Due to the frequency-gain characteristics of the core and
operational amplifier, the AC magnetic coil T3 can mainly
amplify high-frequency signals and attenuate low-frequency
signals. The output AC signal is added to the DC signal and
then output to the power amplifier to drive the secondary
winding WS. The secondary AC and DC current signals
are generated in proportion to the primary winding WP,
ultimately enabling the sensor to reach negative feedback
zero-flux state. The secondary voltage signal is generated
when the secondary current flows through the load resistor.

IV. EXPERIMENTAL TEST OF THE SELF-OSCILLATING
FLUXGATE CIRCUIT

A. EXPERIMENTAL SETUP

The output characteristic equation (21) of the self-oscillating
fluxgate sensor is obtained through theoretical analysis.
When a specific ferromagnetic material is used for the core,
the sensitivity of the fluxgate circuit is mainly related to three
parameters: Rgm, N1, and In,. To verify the effectiveness of
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FIGURE 6. The output characteristic curve of different excitation
current Ip,.

the sensitivity equation of the self-oscillating fluxgate circuit,
an open-loop test circuit was constructed, and each parameter
is verified separately. The parameters of the self-oscillating
fluxgate circuit are listed in Table 1.

The DC current source Fluke 5700 outputs a DC current of
10mA~6000mA. The core is excited by a through winding
current I, and the output DC voltage Uy is read out by
an 8-digit digital multimeter Fluke 8508A. The excitation
current I, is sample by an oscilloscope with a resistor. The
current [, and the voltage Up correspond to the input and
output signals required for the sampling. The image of the
self-oscillating fluxgate circuit test system is shown in Fig. 5.

B. OUTPUT CHARACTERISTIC TESTING OF DIFFERENT
EXCITATION CURRENT Iy,

By adjusting the resistance value of Ry to change the volt-
age pVg, and the excitation current Iy, can be adjusted to
Im1 = 26mA, Inp = 19mA, I,3 = 13mA. The output
characteristic curve of the self-oscillating fluxgate circuit,
which represents the relationship between input current Ip
and output voltage Up, is shown in Figure 6. It can be
observed that the excitation current I, has an impact on
sensitivity. As shown in the enlarged figure, in the linear
region, as the excitation current I;;, decreases from large to
small, the slope of the output characteristic line increases
from small to large. When input current is in 200mA, the
sensitivity of the circuit with Iy = 26mA is 0.264V/A, the
sensitivity of the circuit with I, = 19mA is 0.384V/A, and
the sensitivity of the circuit with 0.467V/A. As excitation
current I, decreases, the sensitivity of the circuit increases,
and this change in sensitivity is consistent with the theoretical
equation. However, reducing I, will also reduce the linear
range. The linear range of the circuit with I;; = 26mA
is approximately £2000mA, the linear range of the circuit
with I;y = 19mA is approximately + 1500mA, and the
last one is approximately +1000mA. The linear range of the
output characteristic curve is approximately proportional to
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FIGURE 7. The output characteristic curve of different resistance Rsum.

In. Therefore, to obtain the desired linear range and high
sensitivity, it is necessary to comprehensively consider the
designated value of the excitation current Ip,.

C. OUTPUT CHARACTERISTIC TESTING OF DIFFERENT
RESISTANCE Rsym

When different values of Rgm, such as Rymi = 72%2,
Raum2 = 12282, and Rgym3 = 2322, are selected, the rela-
tionship between the input current and the output voltage of
the self-oscillating fluxgate circuit is measured, presented in
Figure 6. The change of Ry, has a significant effect on sen-
sitivity. Generally, the larger the value of Ry, the higher the
sensitivity will be. When the input current is within 1000mA,
the input-output characteristic curve is in a linear region.
The actual sensitivity can be calculated by the equation
S = Uy/l,. The values of S, S», and S3 are 0.133V/A,
0.192V/A, and 0.256 V/A respectively. However, according to
the equation (23), the theoretical maximum sensitivities are
0.3V/A, 0.508V/A, and 0.967V/A respectively. When Rgym
is small, the condition Iy > I, can be satisfied, and the
values calculated by the theoretical equation are closer to
the measured values, indicating a relatively high degree of
approximation between Sy, and S. Nevertheless, when the
resistance Ry increases, the current /g will decrease, and the
pre-condition Iy > Iy, cannot be met, ultimately resulting in
a large deviation between the theoretical and the actual values
of sensitivity.

D. OUTPUT CHARACTERISTIC TESTING OF DIFFERENT
EXCITATION WINDING TURNS N,

When different values of excitation winding turns Ny, i.e.
Ni1 = 300, Ni; = 400, and Ni3 = 500 are chosen, the
output characteristic curve of the self-oscillating fluxgate
circuit is measured, as shown in Figure 8. The influence of
the change of N on sensitivity is such that the smaller the N;
is, the higher the sensitivity will be. When the input current
is within 500mA, the output characteristic curve is in the
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FIGURE 8. The output characteristic curve of different excitation winding
turns N;.

TABLE 2. Parameters of self-oscillating fluxgate sensor.

PARAMETERS Value
Load resistor 4Q

Rate primary current 500A

Rate second current 0.25A

linear region. Similarly, the actual sensitivities Sy, Sz, and S3
can be calculated to be 0.584V/A, 0.411V/A, and 0.369V/A
respectively. This shows that the actual sensitivity is inversely
proportional to the number of turns Ny, which is consistent
with the theoretical equation (21). At the same time, the
number of turns of the exciting winding N; directly affects
the linear range. When the excitation winding turns are Nyi| =
300, N12 =400, and N3 = 500, the linear range is 1000mA,
+1500mA, £2000mA respectively. The linear range of the
output characteristic curve is essentially proportional to Nj.
Therefore, when designing the number of turns of the exciting
winding Ny, it is necessary to simultaneously consider its
impact on both the sensitivity and the linear range.

V. EXPERIMENTAL TEST OF THE SELF-OSCILLATING
FLUXGATE SENSOR

A. EXPERIMENTAL SETUP

In this section, a prototype of self-oscillating fluxgate current
sensor was built in accordance with the principles proposed
above, as shown in Fig. 4. The experiments include DC errors,
power-frequency AC errors, high-frequency AC errors, and
frequency response measurements. The image of the con-
structed self-oscillating fluxgate sensor is presented in fig.9.
The parameters of the self-oscillating fluxgate sensor are
listed in Table 2.

B. DC ERROR MEASUREMENT

The current was provided by a Sorensen SGX power supply.
Reference current readings were taken by a LEM IT 200-S
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FIGURE 9. The image of the self-oscillating fluxgate sensor.

TABLE 3. Measurement DC error of the sensor.

Applied current % of rated current

Errors
5% 20% 100% 120%

f (%) -0.061 0.054 -0.021 -0.028

TABLE 4. Measurement AC (50Hz) Error of the sensor.

Applied current % of rated current

Errors

5% 20% 100% 120%
f(%) 0.091 0.081 0.026 0.017
o(") -0.03 0.36 0.21 0.14

transducer. Voltages were measured by Agilent 34465A dig-
ital multimeter. The resulting TABLE 3 shows the sensor’s
DC accuracy is better than £0.1%.

C. POWER-FREQUENCY AC ERROR MEASUREMENT

The 50Hz current was provided by an AC power supply. Ref-
erence current readings were taken using a standard current
transformer. The accuracy of the standard current transformer
at the power frequency is less than 0.01% and 0.3’ from 5%
to 120% of rated current. An AC current is applied to the
primary windings of both the standard current transformer
and the tested sensor, and then the test set measured the
ratio error and the phase displacement by comparing the sec-
ondary currents of the two current transducers. The resulting
TABLE 4 shows the sensor’s power-frequency AC accuracy
is better than +0.1%

D. HIGH-FREQUENCY AC ERROR MEASUREMENT

The High frequency current was provided by an Agilent
33220A signal generator and an AETECHRON 7796 power
amplifier. Reference current readings were taken by a Fluke
A40B precision AC Current shunt. The accuracy of the pre-
cision AC Current shunt within 100kHz is less than 0.01%
and 0.3’. A 50A high-frequency AC current is applied to the
primary windings of both the precision AC Current shunt and
the tested sensor, and then the test set measures the ratio error
and the phase displacement. The resulting TABLE 5 shows
the sensor’s high frequency AC accuracy within 20kHz is
better than +1%.
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TABLE 5. Measurement high frequency AC Error of the sensor.

frequency of applied current

Errors

0.1kHz 1kHz SkHz 10kHz 20kHz
1 (%) -0.035 -0.057 -0.283 -0.492 -0.785
a(") -0.4 -1.7 0.1 6.6 354

VI. CONCLUSION

This paper focuses on fluxgate current sensors, which are
capable of measuring currents from DC to high- frequency
ranges and are extensively applied in various industrial fields.
Traditional fluxgate technologies, including phase - sensitive
demodulation and peak - difference demodulation, have lim-
itations in circuit complexity and cost.

The self-oscillating fluxgate technology, proposed in the
1990s, also has shortcomings such as inaccurate sensitivity
models. To address these problems, an analytical model for
the open-loop self-oscillating fluxgate circuit is developed.
By analyzing the magnetization curve of the excitation core
and employing the graphical method, equations for the excita-
tion current in different regions are deduced, and expressions
for circuit sensitivity are derived. It is found that parameters
such as Rgm, N1, and Iy, significantly influence the circuit
performance, and there is a trade-off between sensitivity
and linear range. The principle of the zero-flux CT in the
proposed sensor is introduced. It adopts a three -core and
four-winding structure, with reverse self-oscillating circuits
utilized to compensate for excitation magnetic flux and an
AC magnetic coil to amplify high-frequency signals, thereby
achieving a negative - feedback zero - flux state. Experimen-
tal tests are carried out. Regarding the self-oscillating circuit,
the impacts of different values of Iy, Rgym, and Nj on sen-
sitivity are verified. The experimental results are consistent
with theoretical equations in trend, yet there are some devia-
tions in actual values. For the self-oscillating fluxgate sensor,
DC error, power - frequency AC error, and high - frequency
AC error measurements are conducted. The sensor shows
high accuracy, with DC and power-frequency AC accuracy
better than +0.1%, and high-frequency AC accuracy better
than +1% within 20kHz. This research provides a valuable
reference for the design and optimization of fluxgate current
Sensors.
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