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Abstract: - Distance is a physical quantity that used in many applications. In the field of sensor, distance is a 

main physical quantity that can be used for many measurements. In this paper, we will show the use of flat coil 

element for measuring proximity. Based on this ability, sensors for measuring mechanical quantities such as 

pressure, vibration and torque have been developed. As a proximity sensor, the flat coil element is used to 

measure the position of an object (seismic mass) as a function of time.  Its working principle is based on 

position change of a seismic mass that put in front of a flat coil element. The flat coil is a part of a LC 

oscillator. The change of seismic mass position will change its resonance frequency. Based on the developed 

flat coil element, an air pressure sensor has been successfully developed. The working area of the developed 

pressure sensor can be set by adjusting the membrane thickness. The flat coil element has also been developed 

for vibration sensor and earthquake sensor. For earthquake measurement, the sensor should measure vibration 

in very low frequency range. The developed earthquake sensor can be used to measure vibration until 0.2 Hz. 

We have also successfully developed a torque sensor with relative error under 3%.  

 

Key-Words: - flat coil element, LC oscillator, mechanical sensor, pressure sensor, proximity sensor, vibration 

sensor. 

 

1 Introduction 

In general, the mechanical sensor can be defined 

as a sensor that measures mechanical quantities, such 

as position, acceleration, velocity, pressure, force, 

vibration, etc. Recently, the demand for these sensors 

has increased significantly because of the growing 

number of applications dependent on accurate 

measurements of physical quantities such as in plant 

and process control, monitoring systems, and medical 

applications. These sensors should provide high 

precision measurement data with low cost and low 

power consumption.  

Some mechanical sensors have been developed 

based on different methods such as: electro-active 

polymers [1], p-type silicon [2], metal-oxide 

semiconductor [3], silicon nano-wire [4], lead 

zirconate titanates (PZT) [5], magneto-rheological 

elastomer [6], and flat coil element [7,8,9]. 

In this paper, we present mechanical sensors based 

on flat coil element that has been developed, like: 

proximity, vibration, pressure and torque sensors. 

2 Flat Coil Element 

Fig. 1 shows the developed flat coil element. The 

flat coil element is made from thin epoxy and silver 

mixed with number of coils 30, diameter 3 cm and 

inductance 9.2 µH. 

 

 

Fig. 1. The developed flat coil element 

 

The flat coil element has been used as mechanical 

sensors such as: proximity, vibration, pressure, and 

torque sensor. 

 

3 Mechanical Sensors Based on Flat 

Coil Element 
 

3.1. Proximity Sensor 

In the field of sensors, distance is a main physical 

quantity that can be used for many measurements.  

Physical principle of a flat coil sensor is based on 

inductance changes due to the perturbation of 

conductive material. Inductance element in the form 

of flat coil changes its inductance if a conductive 
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object or disturber material placed close to the coil. 

The ac current that flow through the coil produces 

magnetic field and generate eddy current in the 

conductive material depend on distance between flat 

coil and the conductive material. The eddy current 

produces induced magnetic field. This induced 

magnetic field interfere strongly with the original 

field that generated by the flat coil element itself. 

Change in total inductance of the coil is used as part 

of inductance-capacitance oscillator.  

Fig. 2 shows the developed proximity sensor. The 

total magnetic field is influenced by the magnetic 

field from the coil (self inductance) and the magnetic 

field induction from the conducting material (mutual 

inductance). The total inductance L can be calculated 

by summing up the self inductance Lj and the mutual 

inductance Mjk  [10,11]. 
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where, K(k) is elliptic integral I, E(k) is elliptic 

integral II, D is diameter of the ring, d is diameter of 

the wire, and a is distance between two rings. 

 

Fig 2. The developed proximity sensor (flat coil 

sensor in front of conductive material) [8] 

 

The sensor system is constructed as a LC 

oscillator. The resonance frequency of the oscillator is 

a function of distance. Using a Phase Locked Loop 

the resonant frequency is converted into voltage.  

The influence of temperature on the flat coil 

element has also been measured. Fig. 3 shows that 

temperature increase cause raise of the output voltage 

slightly. This can be corrected mathematically using a 

basic function [12].  

 

 

Fig. 3. Influence of temperature on the proximity 

sensor 

 

For measuring static characteristic of the 

developed sensor an instrument calibration has been 

developed [8]. Fig. 4 shows its calibration system of 

flat coil as proximity sensor. Position of an object is 

determined by a micrometer, which works using a 

stepper motor. The stepper motor is controlled by a 

microprocessor.  Sensor output voltage as a function 

of distance shown in Fig. 5. From Fig. 5 we can see 

that the sensor has a good sensitivity (~3mV/µm). 
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Fig. 4. Calibration system of flat coil as proximity 

sensor 

 

Fig. 5. Output voltage of the sensor as function of 

distance [8] 

 

3.2. Vibration Sensor 

In recent years, vibration measurement has 

become an important method in mechanical structural 

products like research, design and maintenance [13]. 

Vibration sensor detects the vibration parameter of an 

object through its mechanical structure and 

converting the vibration parameter into the electrical 

signal by physical effect to achieve transferring the 

non-electrical signal to electrical signal. 

Based on the developed flat coil element, a 

vibration sensor has been developed [14]. The 

systems consist of a flat coil element, seismic mass, 

spring and body as shown in Fig. 6. Complete scheme 

of a vibration measurement system consists of flat 

coil element, analog signal processing, digital signal 

processing and display. Block diagram of the 

measurement system is shown in Fig. 7. 

Microcontroller controls the whole process included 

process in ADC and sends the data to a PC. The PC 

can be used for further data processing such as 

calculation of amplitude and frequency of vibration. 

Detailed information of this sensor can be found in 

Djamal, et.al [8]. 

 

 

Fig. 6. The developed vibration sensor (a) and its 

block diagram (b) [8]. 

 

 
 

Fig. 7. Block diagram of the measurement system 

 

We have also further developed the vibration 

sensor for measuring earthquake [15]. For this 

purpose a two dimensional (2D) low frequency 

vibration sensor have been developed (see Fig. 8). 

The sensor has a mechanical system using a simple 

pendulum. The developed sensor can detect vibration 

with frequencies below 1 Hz.  

 

Fig. 8. The developed 2D low frequency earthquake 

sensor 

 

 
Fig. 9. Calibration of the developed earthquake sensor 

 

Fig. 9 shows result of frequencies measurements 

ranging from 0.1 Hz to 0.5 Hz by 0.01 Hz intervals 

with constant amplitude. The relationship between the 
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input and output frequency is linear, as shown in Fig. 

9. A sensor model based on mathematical approach 

for determining frequency and amplitude of the 

sensor has been developed by Djamal, et.al [8]. The 

model shows a good result with relative error under 

3%. 

 

3.3. Air Pressure Sensor 

Over the last decade there has been a rapid 

evolution of pressure sensing devices. It made 

possible by the dramatic advances in integrated circuit 

and microelectronics technology. 

Actually, air pressure sensors have been developed 

based on semiconductors [16] and polymers [17]. In 

most cases the sensing elements in pressure sensors 

are based on strain-gauge, capacitive, piezoelectric or 

optical principles. We have developed a new air 

pressure sensors based on flat coil element (see Fig. 

10) [18,19]. The sensor consists of flat coil element, 

membrane, seismic mass, gas inlet P1 and P2. In this 

sensor, the membrane plays a very important role. 

Thickness and elasticity of the membrane determines 

the deflection range of the membrane. If the 

membrane material is less elastic then the membrane 

deflection range decreases, and vice versa.  

 

 
Fig. 10. Photograph of the developed air pressure 

sensor [18] 

 

The flat coil element is used to measure the 

position of a membrane that changes its position 

linearly to the measured air pressure (see Fig. 11).  Its 

working principle is based on position change of a 

seismic mass on the membrane that put in front of a 

flat coil element. The flat coil is a part of a LC 

oscillator. The change of seismic mass position will 

change its resonance frequency. The coil has 36 

windings, 1.8 cm in diameter and 9.3 µH inductance.  
 

Fig. 11. Sensor output voltage as function of air 

pressure 

 

 

 
Fig. 12. Relative error of the developed pressure 

sensor  

 

Calibration is performed using a reference 

pressure. Pressure is applied to the developed sensor 

with an increase every 1 kPa. The result of the 

calibration is shown in Fig. 12. 

The developed sensor can measure air pressure in 

the range of 0 to 10 kPa with a relative error under 

3% as shown in Fig. 12.  

 

3.4. Torque Sensor  

The design and construction of torque sensor can 

be developed based on different physical principles, 

which must be suitably selected to ensure that a 

sensor has the characteristics required. In a highly 

mechanized world, torque is among the most 

important of all measured quantities. They play a 

significant role in automotive and aerospace. 

 

 
Fig. 13.  Set up equipment for torque measurement 
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We have developed a torque sensors based on flat 

coil element [20]. Set up equipment for torque 

measurement is shown in Fig. 13. The instrument 

consists of flat coil element, tested rod, tested load, 

pulley, rope, signal processing with digital display. 

The tested load produces moment of force (torque) to 

the tested rod that makes the tested rod twisted. 

Through calibration, we get linier relation between 

the twisting angles and output voltage of the sensor 

system as shown in Fig. 14. Besides measuring the 

torque, the developed instrument can also measures 

the shear modulus of a material with relative error 

under 3% as shown in Fig. 15. 

 
Fig. 14. Sensor output voltage as function of twisting 

angle 

 

Fig. 15. Relative error of the developed torque-meter 

 

 

4 Conclusion 

Mechanical sensors based on flat coil element 

have been developed for measuring proximity, 

vibration, pressure, and torque. The research shows 

that the flat coil element can be successfully used for 

mechanical sensors with relative error under 3%. 
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