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Development of a Low Cost Vibration Sensor
Based on Fluxgate Element

Mitra Djamal, Yulkifli, Agung Setiadi, Rahmondia N. Setiadi

Abstract—This paper explains an application of fluxgate element
as a low cost vibration sensor. The fluxgate element is a low field
magnetic sensor. Because the magnetic field strenght of a position is
a function of its distance to the magnetic source, so the magnetic field
strenght of a position can be used for determining its distance to the
magnetic source. In this research, the fluxgate element is used to
measure the position of a vibrating object as a function of time.
Magnetic mass is lying on a cantilever which acts as a spring. Due to
periodical external force which applied to the magnetic mass, the
cantilever will vibrate with the same frequency as the frequency of
the vibrating object. As the magnetic mass vibrates, it will also
change its distance to the fluxgate element. The fluxgate element will
measure this distance as a function of time. By using a good
mathematical sensor model the amplitude and frequency of a
vibrating system can be determined. With this model, it has been
obtained a vibration sensor with relative error under 4.39%.The
developed vibration sensor has resonance frequency close to 38 Hz.
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I. INTRODUCTION

IBRATIONS like earthquake, vibration of a bridge or
vibration of machinery are physical phenomena that
could be found everywhere in our daily life. Vibration
characteristic of these phenomena can be used as utility for an
early warning system that could reduce the loss or damage.
For measuring of vibration, one needs a vibration sensor.
There are some kinds of vibration sensor, such as
proximeter, seismic-velocity pick-up and accelerometer. These
kinds of sensor are differentiated by its measurement
principle. Proximeter measures position shift, seismic-velocity
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pick-up measures velocity and accelerometer measures
acceleration of vibration [1]. Some of them which recently
used in industry or laboratory has expensive price.

This paper describes the development of vibration sensor
based on fluxgate element. Fluxgate element is a magnetic
sensor that has low manufacturing cost. Magnetic sensor with
fluxgate principle has high sensitivity. [2] found that the
sensitivity of fluxgate sensor is about 2700V/T. This
sensitivity is much better than other magnetic sensors e.g.
0,5VIT for Hall effect and 100V/T for magnetoresistive
sensor. The other benefits of fluxgate sensor is its small size,
low power, high temperature stability (ca. 30 ppm/°C) and low
offset coeficient (0.1 nT) [3].

In last few years we have developed the manufacture of
fluxgate elements [4] and some its applications[5,6,7] . One of
the applications is the used of fluxgate element for vibration
sensor.

A. Analytical Model of Vibration System

Let’s consider a mass lying on a cantilever. The cantilever
acts as a spring in vibrating system. The systems consist of a
seismic mass, spring and body that shown in Fig. 1
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Fig. 1. Vibration model.
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The mass will vibrate if there is any external force applied

to the system. The equation of this motion is [9]:
2
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where b is friction coefficient, m is seismic mass, w, is the
resonance frequency of the system, and F is external force.
According to [10], resonance frequency of this system is
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where E is Young’s modulus, 7 is inertia, m is seismic mass,
and / is the length of cantilever.

General solution of equation (1) is

y(t) = Asin(wt) (3)

Near its resonance frequency, the system resonates with
very high gain. This area must be avoided because it can
disturb the measurement. From (1), gain at resonance area can
be derived become [11]:
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B. Fluxgate as Vibration Sensor

Vibration is a dynamic mechanical phenomenon that
involves periodic oscillatory motion. This motion provides
position changing of an object to a reference position.
Vibrating object is chosen which has magnetic characteristic.
Magnetic material can be made from permanent magnet or
ferromagnetic material. Magnetic material is placed on the
vibrating object. If the object moves closer or farther from the
sensor, so the sensor detects higher or lower magnetic field
intensity [12,13]. If the magnetic field strength of a magnetic
material is B, so the magnetic field strength that detected by
the sensor at the distance x is [5]:
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It can be seen that the magnetic field decrement is
proportional to 1/x
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Fig. 2. Curve of distance measurement result [5]

Fluxgate sensor can measure this motion if the object can
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change magnetic field around the sensor. The output of the
sensor is inversely proportional to the position of the object
(Fig. 2). To determine vibration frequency and amplitude,
Fourier Transform is performed [13]. This measurement
principle is shown in Fig.3.
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Fig. 3. Working principle of vibration measurement [13].

The developed vibration sensor works based on indirect
measurement. The vibration of the measured object will
vibrate the magnetic mass on cantilever. Beam made from
copper-beryllium alloy is used as cantilever. This vibration
sensor is shown in Fig. 4.

SENSOR DESIGN

_—
Fluzgate element —— |
Cantilever - Magnstic
i A Ax, mass (m)
o _—_a_-___ﬁ”-li . -
’-—-...HMa\gnetic
shielding

Fig. 4. Design of the developed vibration sensor.

The distance between fluxgate sensor and magnetic mass
are adjustable. This variety can be tuned according to the
requirement of measurement. All the sensor body is covered
by magnetic shielding to avoid unwanted magnetic field from
external.

IV. CALIBRATION

Calibration is carried out to determine the sensor
characteristic. As calibrator, a calibrator system from Bruel
and Kjaer Type 1047 is used. In this calibration, the
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acceleration is varied from 05 g to 2.5 g, where g is
acceleration unit (1g ~10”/,), and the frequency is varied
S

from 25 to 48 Hz. Measurement data is acquired using
Multichannel Signal Analyzer (MSA). Set up of calibration is
shown in Fig. 5. To find the sensor characteristic of the
developed sensor, a sensor modeling based on mathematical
approach is used.

Exciter Control Wibration Sensor

Fig. 5. Set up of calibration.

V. RESULT AND DISCUSSION

A. Characteristic of the developed sensor

To know the dependency of the developed sensor to
frequency, a measurement system is carried out by measuring
the output voltage as function of frequency (Fig. 5). The result
shows that the developed sensor is influenced by frequency
changing with resonance frequency close to 38Hz.
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Fig. 6. Measurement result around resonance frequency at 1g
acceleration.
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B. Sensor Modeling

The developed sensor is used to measure low frequency.
Fig. 7 shows the dependency of output sensor to acceleration
on different frequencies.

It can be seen that there is a linear depedency between
acceleration and the sensor output voltage on each frequency.
By using linear approximation (least square), the mathematical
model of the sensor can be calculated in the form of (see Fig.
8).

Vola, f)=m(f)-a (6)
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Fig. 7. Amplitudes as a function of acceleration on difference
frequencies.

where q, 1, and m are respectively acceleration, frequency of
the vibration, and sensor sensitivity. The parameter m is a
function of frequencies (Fig. 8)
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Fig. 8. Mathematical model of the developed sensor.

To find coefficient of m(f), each gradient of the curve are
plotted into a curve of sensitivity as a function of frequency.
By using a mathematical approach we can find the most
suitable equation. Each gradient value from Fig. 7 is shown by
Tabel 1.

Table 1. Gradient in every frequency.

Frequency (Hz) Sensitivity (mV/g)
25 17.28
30 30.41
32 42.82
34 66.76
36 139

These gradients are equal to sensitivity of the sensor. It can
be seen that sensitivity increases while frequency toward to
resonance frequency.
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Fig. 9. Sensitivity as a function of frequency.

The continuous line in Fig. 9 is the most suitable equation to
approximate relationship between sensor sensitivity and
frequency. This equation is

m(f) =1.97-10° exp(0.6792 1) +1.09exp(0.11/) 7

The final equation of the output voltage as a function of
frequency and acceleration is

V(a, ) =[1.97-10° exp(0.6792/) +1.09exp(0.11/) |a (8)

The absolute and relative errors of the developed vibration
sensor is calculated using equation (8). The result can be seen
in Fig. 10 and Fig. 11 respectively.
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Fig. 10. Absolute error of the developed vibration sensor.

L R L LT = I S )

'
—_

Relative Hrror (%)
)

Acceleration (g)

Fig. 11. Relative error of the developed vibration sensor.
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The maximum absolute and relative errors are 15.5 mV and
4.39% respectively at 36 Hz and 2.3 g. It is shown that the
maximum error occurs at the resonance frequency of the
sensor system.

VI. CONCLUSION

It is shown that the fluxgate element can be used well as
vibration sensor. There is a linear dependency between
amplitude of vibration system and the sensor output signal.
The sensitivity of the sensor is different for different
frequencies. It depends on the characteristic of the sensor
material and the form of magnetic mass and the cantilever as
spring. By using corrected mathematical model, a good sensor
model as function of acceleration and frequency of the
vibration can be determined. With this model, we find relative
error under 4.39%.
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