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Design and Implementation of Three axis
Fluxgate Magnetometer and its Applications
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Abstract—A scientific instrument which measures the
magnetic field strength and its direction is known as
Magnetometer. In this article a three axis Fluxgate Magnetometer
is constructed by using simple ring core and simple drive circuits
instead of specialized components like Hall Effect sensors. This
type of Fluxgate magnetometers is working on the principle of
magnetic flux linking a coil depends on the orientation of the coil
with respect to the earth’s magnetic field lines. Here the three
single axis fluxgate magnetometers are designed and placed
perpendicular to each other on a board. The circuit is designed to
produce 100 KHz frequency and to measure the Magnetic field in
the range up to 7 Teda. The sensitivity is tested through an
external electromagnet. The readings are obtained in LAB-VIEW
platform and the three-axis data isdisplayed.

Keywords: FluxGateMagnetometer, Magneticfield,
Earth Magnetic field, FluxgateSensor, Magnet

. INTRODUCTION

The Magnetometer is based on the idea that the Magnetic
flux moving through a coil depends on the orientation of the
coil with respect to the earth’s magnetic field lines. This
circuit isillustrated and intended to provide a starting point of
Magnetic field Measurement and are therefore not fully
optimized. Here a Three axis Fluxgate Magnetometer is
designed by using Ring core which is made by Ferrite material
for the higher permeability. The enameled copper wire is used
to wound around the core of Drive and Detector. The
Magnetic field is created by using circle magnets and Ferrite
material is wound with the copper wire and excited by dc
supply and different dc output voltages are induced various
orientations of the Magnets. Flux gate magnetometers are very
popular device preferred to measure AC and DC Field
Vectors [6].
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Fluxgates are used to achieve low cost and low power
consumption for the measurement [3]. A multi-core planar
fluxgate can be designed for measurement of low magnetic
measurements [5]. Since fluxgate magnetometer are low cost
they can be co integrated along with circuitry on a die to be
more power efficient than the available state of the art [4].
Calibration procedure of a fluxgate sensor can be achieved
with a simple neural network [1]. A sensitive industrial grade
magnetometer is very expensive and cannot be affordable for
small research purposes [8]. It is capable of a resolving
component of 10,000™ of the earth magnetic field [9].

II. EXISTING SYSTEMS

Fluxgates are widely used sensors for magnetic field and
current measurement [2]. Magnetometers can be used to
obtain ground-based north [7]. At present the resolution
component of fluxgate sensor are comparable with the
superconducting quantum interference devices (SQUIDS)
[10]. There are avariety of parameters to consider when

measuring magnetic fields. Figure 1 shows that How the
Magnetic field lines are formed around the earth towards the
North to South Pole. Figure 2 provides a conceptual indication
of the lines of magnetic force around a bar magnet. The apparent
direction of the magnetic field is depicted by arrows. The
compass heedle will tend to point away from the North Pole
and the magnet’s South Pole (,,S)),

Fig. 1. Magnetic field linesaround the Earth

Fig. 2. Conceptual illustration of the magnetic lines of
force around a permanent bar magnet.
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The density of flux lines (analogous to contours on a
map) or the amount of magnetism per unit area is
effectively measured by magnetic flux density. Tesla (T) or
webber per meter square are the common units of magnetic
flux density.

The magnetic field strength will be quoted
whenever necessary and is usually measured in A / m
(amps / m). To concentrate on the magnetic field to be
mesasured, all the ring core flux gates are used by highly
permeable core.,, The magnetically saturated core will be
alternatively used in opposing direction along any suitable
axis. The sine or sguare waveform is used to drive on
excitation coil normally [9]. To produce high flux due to its
high permeability, the core will be channeled to prior
saturation of the ambient field. The vacuum causes the flux
to collapse when the core’s permeability falls away from the
point of saturation. The cycle will be repeated to the
saturation and the ambient field aternatively Despite the
magnetization reversals due to the excitation, the excitation
reverses the magnetization, then the flux will be operated in
the ambient field through the same direction. The flux
changes will be picked up by the Detector Coil (sensor coil),
which revolves around the core. The flux collapse or
recovery will be indicated by the sign of induced voltage.
The action of the core gating flux inside and outside the
detector coil clearly indicates the name Fluxgate.

1. PROPOSED SYSTEM

To form a continuous magnetic circuit, the twin rods are
connected top and bottom. It isreally logical extension of ring
core. [6]. They typicaly spread the toroidal exciting winding
evenly around the ring core, the equivdent of the average
winding outside and the orthogonal, walker rod core design.
Since the core is isotropic, it defines the direction of the axiss
feedback / sensing winding sensor. To measure the direction
and strength of magnetic field three ring cores are designed
and used. It is dso common to use large specia externd
feedback coils with improved field gradients; In fact, acomplete
three-axis system with two rings can be made in this way. With
this type of sensor, the centra region aong all axes is
completely canceled by the reaction.

Sense Winding

o Fig. 3. Ring core Fluxgate
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The ringcore can be made up of smple ferrite or tape
wound core intended for more mundane electronic
applications, Designs Similar to figure 3 is used on modern
satellite missions for mapping magnetosphere and deep space
applications. They probably have lower noise and lower
power requirements than rod core devices

Table-l: Design parameters of Ring core Fluxgate

S.No Parameters Dimensions
01. OD (Output Diameter) 16mm
02. ID (Input Diameter) 12mm
03. Thickness 7mm
04. Copper wire 2mm
05. Drive cail 22SWG
06. Detector (or) sense coil 26SWG
07. No of turnsin drive coil 60turns
08. No of turnsin sense 300turns

(or)Detector cail

IV. WORKING PRINCIPLE

Figure 4 shows the circuit diagram of the detector. The
integrated circuit, IC 1 (a CMOS hex schmitt inverter)
performs many functions within the circuit. The ICla-IClc
drive coil produces short duration pulse of low frequency for
Lla ICla makes a simple square wave oscillator. The output
of the oscillator is fed to the input of the ICLB via diode D2,
which together with the ICLC stabilizes a retrograde mono.
The output is the same as the output of ICla, but with a much
shorter duty cycle. The IClc field effect transistor switches on
TR1 during the period that the output is in alogic high state
that L1a is driving. D5 helps mimic the switching transitors
produced by Lla. The LLB is the detector coil. The height of
the pulse produced by llb is partiadly determined by any
external magnetic field present. The output from the LLB is
fed to the operational amplifier 1C2 through the coupling
capacitor C10. Resistors R13 and R14 provide a partia -supply
reference at the input of the op-amp. The diode D7 and D8
limit the amplitude of the input signal if it varies above or
below the supply train.The pulse is produced by wave-det ect
or buffered by 1 C2 and appears on pin 6 of the device. There
are other unwanted patients besides the required pulse. These
are gated out by TR2 which switches the signal to ground
except for the period when the required pulse is present. The
drive signal for TR2 is produced by ICld - Icle.
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There are two preset variable resistors. The VRI together
with C3 determines the point at which the mono stable formed
by the ICld and ICle triggers. The pulse length produced by
the VR2 detector-mines mono stable. ICIf inverts the pulse
output from ICle so that it makes perfect sense to drive TR2.
The waveform produced at terminal P4 consists of a buffer
output from the detector coil with a pulse produced by TR2
switching. This signal provides a discharge path to capacitor
C9 with R12 through diode D6. The resulting DC voltage is
buffered by the opera-tyle amplifier IC3 and is made available
at terminal P5. The output voltage at P5 is the proper-tunnel
for the magnetic flux density of any external mag- netic field
to which the detector coil is exposed. The voltage is definitely
offset due to half the supply reference voltage for 1C2, but for
relative readings thisis usually not a problem.

Here the magnetic field is created by using Ferrite rod by
the way of giving DC excitation or by using bar magnet or
Circle magnets. The magnetic field is created to simulate in
orbit conditions in three different axes.

— e T DI g, - %

Fig. 5. The coil which isused to create the magnetic field
Table11: Design parameters of Magnetic Field

S. No Parameters Dimensions
01 Total length 80mm
02. Diameter 8mm
03. No of turns 500
04. Excitation +8VDC

V. HARDWARE RESULTS

Fig. 7. Three axis Fluxgate M agnetometer with its output

Retrieval Number: D1186029420 /20200BEIESP
DOI: 10.35940/ijitee.D1186.029420
Journal Website: www.ijitee.org

962

I nternational Journal of Innovative Technology and Exploring Engineering (1JI TEE)

I SSN: 2278-3075 (Online), Volume-9 | ssue-4, February 2020

In this Hardware setup, three single axis fluxgate
magnetometers are designed and placed at right anglesto each
other in same board to measure the magnetic field strength in
three directions (Roll(X), Pitch(Y) and Yaw (Z)). Power
supply of 9V is given and the sensed output is taken by multi-
channel oscilloscope for the different orientations of magnetic
field. A Pro-circle is used to calculate accurately calibrate the
Magnetic field measurement in every degree moment. The
Magnets are placed on pro-circle in horizontal and vertical
direction. To simulate in Orbit conditions readings are taken
from O to 360 deg in al the three axes. The readings are
tabulated in table 3 and table 4.

Table-111: Magnets Placed in Horizontal Direction

S:No | Angle(deg) axi);N) axizw) axii(V)
Without Magnet 360 | 354 | 5507
With Magnet 360 | 3554 | 4400

oL 0 360 | 3554 | 4400
02, 30 360 | 3547 | 4409
03, 60 361 | 3539 | 4436
04, % 361 | 353 | 4893
05, 120 360 | 3538 | 5620
06 150 360 | 3542 | 5786
o7, 180 361 | 3545 | 58%
08, 210 361 | 3547 | 5843
09, 240 361 | 3548 | 5844
10, 270 360 | 3551 | 5776
11 300 360 | 3554 | 559
12 330 360 | 3557 | 4801
13 360 360 | 3555 | 4240

Table-1V: Magnets Placed in Vertical Direction

SNo | Angle(deg) axiQV) axil(V) axig(v)
Without Magnet 5516 | 354 | 361
With Magnet 5.846 3544 3.60
oL 0 5743 | 3547 | 360
02. 30 5696 | 3550 | 360
03. 60 5775 | 3546 | 360
04. % 5737 | 3547 | 361
05. 120 5672 | 3547 | 361
6 150 5583 | 3547 | 361
o7. 180 5308 | 354 | 361
08. 210 530 | 3543 | 361
0. 240 5580 | 3540 | 361
10, 270 5609 | 35% | 361
11, 300 5841 | 3541 | 360
12 330 5901 | 3546 | 360
13, 360 5881 | 354 | 360
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VI. RESULT ANALYSIS VERTICAL AXIS
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Fig. 11. Consolidated results of xyz in Horizontal direction
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Fig. 16. Horizontal Direction
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Fig. 20. Final DC output voltage between P5 and P6 Fig 9
Detector coail output for 30 KHz Square wave applied

VII. VALIDATION AND JUSTIFICATION

In this paper we have verified that high precision device can
be achieved using low cost components. These Devices are used
in space exploration and high-end applications, but expensive and
complex to design and fabricate. This detector is a general-
purpose experimental circuit and serves to illustrate how a
sensitive magnetometer can be constructed form standard parts
without the need for specialized components such as hall-
effect devices or magneto resistors. Where improved
performance is required the unit may be modified in a variety
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of ways; for example, to improve sensitivity linearity and
stability. If a smoother DC level isrequired at the output of the
circuit this can be achieved using an active peak detector to
detect the height of the pulses produced at P4. It should be
pointed out that when changing the duty cycle of the pulse
driving coil, attention should be paid to current consumption
and the power dissipation in the output stage of the circuit. It
may be necessary to increase the power rating of R11 and fit a
heat sink to TR1.

A Magnetometer using this type of arrangement can be
useful when making long term measurements of the earth’s
magnetic field for research purpose and in navigational
applications. For monitoring applications over, long periods
the output voltage from the Magnetometer may be used to
drive a chart recorder or data logger via the appropriate
interface circuitry. It may be useful to convert the output
voltage to frequency or to serial or paralel data. This is
relatively simple to arrange using off the shelf voltage to
frequency or analogue to digital converter I1Cs.
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Fig. 21. HM C2003- Three axis M agnetic field Sensor

But nowadays Magnetic field Sensors are available for
single axis and three-axis in the form of single chip 1C named
as HMC 1001, HMC 1003 and HMC 2003 etc. It is shown in
figure 10. By using this IC also easy to construct a
Magnetometer and is used to measure the magnetic field
strength and its orientation.

VIIl. FUTURE SCOPE

The area of possible developments are on the side for
increased precision and accuracy of the magnetometer. This
can be paired up with a Microcontroller for the application
of drones and high-end devices.

IX. CONCLUSION

Hence A three axis Fluxgate Magnetometer is designed
by using simple components and the magnetic field strength
is measured for the different orientations of the Magnetic
field or Magnets. Here for the orientations of the Magnets
and Magnetic field it gives three different outputs in the
three directions (Roll(X), Pitch(Y) and Yaw (Z)). In
Spacecraft applications it will determine the orientation of
the Spacecraft and also it is used for navigational
application to determine the direction. It is also used to
calibrate the Magnetic Compass as well as Unmanned
autonomous vehicles.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications

Design and Implementation of Three axis Fluxgate Magnetometer and its Applications

REFERENCES

1. A. Hosseinzadeh, A. Khayatian, P. Karimagahee, O. Daneshmandi and B.
Raeesi, "Three Axis Fluxgate Magnetometer Sensor Calibration,” 2019
27th Iranian Conference on Electrica Engineering (ICEE), Yazd, Iran,
2019, pp. 431-436.

2. J Gu, X. Hou, X. Xia, W. Zhang and X. Li, "MEMS Fluxgate
Magnetometer Whose Solenoid Coil are Winded by a Novel Wafer-Level
Liquid Alloy Filling Method," 2018 IEEE 2nd Electron Devices
Technology and Manufacturing Conference (EDTM), Kobe, 2018, pp.
304-306.

3. J Li, Y. Wang, X. Zhang, J. Shi and C. Ji, "A New Type Fluxgate
Magnetometer Based on the Magnetic Saturation States Detection and
Feedback Technology," 2018 IEEE SENSORS, New Delhi, 2018, pp. 1-4.

4. M. F. Snodlj, V. Schaffer, S. Udayashankar and M. V. lvanov, "Integrated
Fluxgate Magnetometer for Use in Isolated Current Sensing," in |EEE
Journal of Solid-State Circuits, vol. 51, no. 7, pp. 1684-1694, July 2016.

5. M. Aldoumani, T. Meydan and W. P. |. Wolfson, "A planar coil fluxgate
magnetometer using multi-core configuration,” 2015 IEEE SENSORS,
Busan, 2015, pp. 1-4.

6. S Tanriseven, H. Can, U. Topal, C. Birlikseven and R. A. Vural, "A low
cost and simple fluxgate magnetometer implementation,” 2015
International  Conference on Synthesis, Modeling, Analysis and
Simulation Methods and Applications to Circuit Design (SMACD),
Istanbul, 2015, pp. 1-4.

7. C.T.Russdl,P.J.Chi,D.J.Dearborn,Y.S.Ge,B.KuoTion gJD MeansD.R.
Pierce,K.M,Rowe, R.C. Snare, “THEMIS Ground Based
Magnetometers”, Space Science Rev (2008) 141: 389-412.

8. Yu.Ya. Reutov,“A Sensitive Fluxgate Magnetometer”, ISSN 1061-8309,
Russian Journal of Nondestructive Testing, 2008. VVol. 44, No. 6, pp. 386-
390.

9. Ken Evans, MEng CEng MIEE, Sensor
Magnetometer Explained”, March 2006.

10. Ripka, “New Directions in Fluxgate Sensors”, JMMM (2000) 215-216
(2000), 735-739.

Specialist, “Fluxgate

AUTHORSPROFILE

S.Senthilmurugan, received his Diploma in Electrical
and Electronics Engineering from Alagappa Polytechnic
college Karaikudi , DOTE, Chennai, India in 2004 with
First class with Honours. He received his B.E. degree in
Electrical and Electronics Engineering from Alagapaa
Chettiar College of Engineering and Technology,
Karaikudi (Anna University), Indiain 2007 with First class. He received his
M.E. degree in Control and Instrumentation Engineering from College of
Engineering  Guindy, Anna University, India in 2010 with First class.
He is currently pursuing Ph.D. in EEE from SRM Ingtitute of Science of
Technology, Kattankulathur, India. Heis also an Assistant Professor (Sr.G)
in the Department of Electrical and Electronics Engineering in SRM Institute
of Science and Technology (SRMIST) , Kattankulathur, India since 2011. He
is also holding a position of Faculty Advisor of ENFUSE student chapter in
SRMIST, Dept of Electrical and Electronics Engineering having 188
student members since 2018. This chapter actively involved in conducting
workshops, Conferences, Industrial visits, Tech Quiz etc by creating
awareness of Energy conservation and its management. His research
interests are Control Systems, Smart Grid, Virtual Instrumentation, Sensor and
Networks. He has also participated in many National and International
Conferences and also published papers in many National and International
Journals.

Viswanathan Ganesh, is a Third year UG Student. He is

currently studying B. Tech EEE in SRM Ingtitute of

Science and Technology, Kattankulathur, India. He has also

participated in many International Conferences and also

published papers in many International Journas. His
research interests are Smart grid, Energy Management, Power
Systems, Electrical Machines

Retrieval Number: D1186029420 /20200BEIESP
DOI: 10.35940/ijitee.D1186.029420
Journal Website: www.ijitee.org

965

Akash Prabhu, isa Third year UG Student. He is currently
studying B. Tech EEE in SRM Ingtitute of Science and
Technology, Kattankulathur, India. He has also participated
in many International Conferences and also published
papers in many International Journals. His
research interests are Smart grid, Energy Management,
Power Systems, Electrical Machines

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



