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 Crack detection is very important to control the quality of the composite 
itself that been widely used in industries. There are quite a numbers of 
techniques which are used to detect the crack such as visual inspection, 

radiography, ultrasonic, eddy current magnetic particle, and penetrant testing. 
In this paper, it focuses on designing and implementing the system to detect  
a crack on the composite material using magnetic induction concept.  
At the early stage, the miniature of composite detection sensor using 
magnetic induction concept is designed using COMSOL Multiphysics 
software to see the current induced from the system. The current value from 
the sensor is measured based on magnetic induction concept. A complete 
design of a system then is designed which include the sensor design,  
the main controller unit design and Bluetooth electronic application.  

The experiment results show that the magnetic induction concept can be used 
to detect crack by changing the value of current. When a crack occurs  
the value of current will decrease due to the changes in magnetic induction. 
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1. INTRODUCTION  

Composites are commonly used in high-performance products, such as aerospace components or 

storage tanks. It's usually exposed to harsh loading condition thus, composite material will easily to forming 

crack and propagation. However, visible cracking is one aspect that occasionally causes problems and 

dangers to the community. There is numerous crack detection has been developing in the past decades.  
In the previous study, there was an implementation of crack by using the various method of non-destructive 

technique (NDT). NDT has been widely used for evaluating the condition of the composite. Visual inspection 

is normally used to detect surface damage by observing the transmitted or reflected light [1]. Another 

technique of NDT is radiography [2-4] which can detect internal and surface discontinuity. There are few 

publications mention that ultrasonic technique [5-7] can spot the radiographic density variation and 

geometrical dimension of defects and discontinuities. Another technique to detect a defect in the electrically 

conducting material is eddy current [8, 9]. For magnetic particle technique [10-12] it can check magnetic 

materials defect on surface and sub-surface. Penetrant testing [13, 14] is the most widely applied NDT 

techniques because it can detect the defects open to the surface in all except for highly porous materials. 

All methods have their own advantages. 

Instated of using the previous methods, the writer wants to purpose a new concept to detect cracks 

on composite using magnetic induction concept. This concept was related to electromagnetic induction and 
eddy current theory. The purpose to carry out this project is to show evidence that it is possible to detect  

a crack in composite using magnetic induction concept. 
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2. MAGNETIC INDUCTION PRINCIPLE 

Basically, the fundamental principles of magnetic induction (MI) are based on a basic mutual 

inductance and eddy current theories [15, 16] (Figure 1). Generally, the primary magnetic field is generated 

by passing an alternating current through one or more excitation coils. This will cause an electric field 

appreciable by one or more measuring coils. Thus the induced voltage can be measured from the electrical 

field. When the conductive material is placed within the field, it will produce an eddy current. In the same 

time, it also generates a magnetic field known as the secondary field. Therefore the electrical field on  

the measuring coil will be induced at primary and secondary fields. The induced voltages on the measuring 

coil will change depending on whether a conductive material is present within the field. If no material is 

present, the induced voltage appears entirely due to the primary field, whereas if there is material present,  
the induced voltage appears due to both primary and secondary fields.  

 

 

 
 

Figure 1. Fundamental principles of MI [17] 
 

 

2.2. Operation of magnetic induction sensors 

Figure 2 displays a basic MI sensor. MI sensor consist of the coil made by N turns with wire 

diameter. Then it’s will wound at the average radius around the core. The core must be high-permeability but 

low in conductivity. The permeability will represent the amount of flux concentration in the core. 

Permeability is a function of the material permeability, the core geometry, and its aspect ratio [18]. 
A low-frequency ambient magnetic field H can be referred to as the MI to the rate of change of the magnetic 

flux is proportional to the electromotive force (emf) and coil induction.  
 

 

 
 

Figure 2. Cross-section of induction loop sensor made of a multiturn coil wrapped around  

a permeable core [19] 
 

 

2.3. Main control unit design 
The measurement circuit of this project will consist of the magnetic induction sensor, crack 

detection circuit, amplifying circuit, filtering circuit, and also analog to digital converter circuit (ADC). 

Figure 3 shows the block diagram of the magnetic induction system. At the first stage, a signal from  

the function generator drives 10 KHz of a sine wave with an excitation voltage of 10.6 Vpp to a magnetic 

induction sensor. Then, the sensor was connected to the crack detection circuit. After that, alternating 

currents flow to the detector circuit and produce the voltage corresponding to the current value produce at  
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the sensor. The voltage value produced has been amplified by the amplifier circuit before the signal sends to 

the RC filter to filter out the unwanted signals and produce a clean DC output. The data in an analog form 

which has been collected from the sensor will be transferred to an analog to digital converter using Arduino 

module to digitally record and display the quality of composite at Bluetooth Electronic application. By using 

this apps user can read the value of materials before and after the sensor detect the crack.  

 

 

 
 

Figure 3. Block diagram of the system 
 

 

2.4. Bluetooth application 
The Bluetooth electronics application was being designed in this application. It will be interfaced 

with an Arduino module to record the analog inputs and calculate the voltage output produced as shown in 

Figure 4. From the voltage, the application will display both cracks and not crack the value of the material. 

For this app, it consists of three particular screens. First is the main screen which all the operation will 

display here. From the main screen, the user can observe the value of the materials before and after the crack. 

The second screen is connected to the Bluetooth screen. The purpose of this screen is to check 

the connectivity between the HC-05 Bluetooth module devices with the Arduino. The last screen is 

the editing screen which user can make any changes here. Figure 5 show the experiment set-up. 

 

 

 
(a) (b) 

 

 

 
(c) 

 

Figure 4. Bluetooth electronics application (a) Main screen; 

(b) Connect to bluetooth screen; (c) Edit screen 
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Figure 5. Experiment set-up 

 

 

3. RESULT AND DISCUSSION 

The experiment was carried out to detect a crack in composite using magnetic induction concept.  

At the early stages, the working principle of the sensor is studied using the COMSOL Multiphysics software. 

From this software, the streamline of magnetic flux density and contour of induced current density was 

recorded. Then, this experiment was continued with developed full experiment setup. Thus, the data of 

current values between cracks or without crack was taken. 

 

3.1. COMSOL multiphysics simulation 

For this experiment three types of material were tested; carbon steel, FR4, and iron. The distance 

between the sensor and material was varied for 10mm and 20mm. The reason for varies the distance is to 

study the effect of distance toward the value of induced current. Other than that, the simulation also generates 

the streamline of magnetic flux density. In this simulation, the pattern of mesh analysis also will be done.  
The simulation results are shown in the Figures 6 to 8. 

 

 

  
 

Mesh analysis: 

(a) with crack; (b) without crack 

 

Streamline of magnetic flux density and contour of induced 

current density: (a) with crack; (b) without crack 

 

Figure 6. Material: carbon steel 
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Mesh analysis: 

(a) with crack; (b) without crack 

 

Streamline of magnetic flux density and contour of induced 

current density: (a) with crack; (b) without crack 

 

Figure 7. Material: FR4 

 

 

  
 

Mesh analysis: 
(a) with crack; (b) without crack 

 

Streamline of magnetic flux density and contour of induced 

current density: (a) with crack; (b) without crack 

 

Figure 8. Material: iron 
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Table 1 shows the relationship between the distance and value of current for three types of 

difference material tested. From the observation, it can be concluded that the distance between the material 

and sensor will influence the current value. The current value was high at 10mm compared to 20mm.  

this pattern is the same as all materials tested. Besides that, carbon steel state the highest value of current 

follow by FR4 and iron. When the material was crack the value of current will slightly decrease. 

 

 

Table 1. The relationship between distance, types of material and current value 
Distance (mm) Material Current Value (mA) 

Without Crack With Crack 

10 Iron 0.637 0.479 

 FR4 1.171 0.646 

 Carbon Steel 1.421 0.927 

20 Iron 0.543 0.399 

 FR4 0.863 0.573 

 Carbon Steel 1.003 0.874 

 
 

3.2. Hardware results 

For the hardware parts basically the idea of design a sensor were made from the concept idea of 

design and fabrication of low-cost eddy current [20] and design and construction of railway cracks detection 

based on eddy current [21]. The sensor connected to the conditioning circuit and finally produce a voltage 

from the current values obtained. As for the sensor, the diameter and number of turns of the coil are 0.5mm 

and 62 turns. The magnet used is supposedly ferromagnetic magnet but because of limited sources of 

the magnet, this project used 10 neodymium magnet and be wrapped with the copper. As can see in 

the Figure 9 shows the relationship between types of material and current value with and without a crack. 

A changing magnetic field is generated by an alternating current [22]. When the magnet and coil are located 

in a specimen, the first magnetic field causes eddy current. It was the same concept as magnetic induction. 
As the eddy current meets a crack, it will avoid it and show a higher conductivity region. Eddy current will 

produce its own magnetic field in the test piece. Eddy current line penetrates into the specimen and this 

process called magnetic induction [23]. Thus, present crack of material can be detect by monitoring changes 

in the eddy current flow [24].The experiment was carried out with 10KHz and 10.6 Vpp excitation voltage 

was injected into the magnet coil and connected to the crack detection circuit. Normally, the triode 

differential amplifier enlarges inverting inputs. Therefore, if there is a crack, it outputs a voltage. 

The full-wave rectifier modifies the direction of the voltage. It is dealt with the filter. The RC filter aims to 

alter the alternating current into a direct one. Once it is finished, the filtered voltage should be over zero with 

a small undulation [25].  

 

 

 
 

Figure 9. The relationship between the types of material and current value 

 
 

The current value obtained as recorded in Table 2 shows the relationship between three of  

the material used in this project with the current value. The value produced was too small and sometimes it 

produces inconstant value and the current could not be read. It shows the decreasing value of the current 

when there was a crack in the specimen test. Figure 10 shows hardware setup between types of material used 

with the sensor (a) carbon steel; (b) FR4; (c) iron. 
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 Table 2. The relationship between the material and current value 

Material 
Current Value (mA) 

Without Crack With Crack 

Iron 0.137 0.009 

FR4 0.211 0.038 

Carbon Steel 0.531 1.393 

 

 

 
(a) 

 
(b) 

 

 
(c) 

 

Figure 10. Hardware setup between types of material used with the sensor (a) carbon steel; (b) FR4; (c) iron 

 

 

4. CONCLUSION 

As a conclusion, the crack detection sensor using magnetic induction concept was introduced in this 

project to detect and distinguish between cracks and not crack in the composite material. From the COMSOL 
Multiphysics simulation study, the performance of a magnetic induction sensor is examined based on 

different types of composite material. For the development of a magnetic induction sensor system,  

the experiment was carried out based on the crack detection circuit connected to Arduino and Bluetooth 

Electronics using the HC-05 module. The qualities of the composite were analyzed and displayed via 

Bluetooth through the application. For a hardware implementation, this project only focused to display  

the quality of the composite. The current value was measured to distinguish the quality of the composite. 

 

 

5. FUTURE WORK 

Presently, the process of development of a crack on composite detection sensor using magnetic 

induction concept is an initial stage. There are still significant to improve the system in order to apply it in  
an industrial area in the future. The suggestion and recommendation for future works are mentioned:  

a) Development magnetic induction sensor in close area to reduce the noise of fringe effect from  

the environment surrounding to get the accurate value of current. b) Using a coaxial cable for a magnetic 

induction sensor connector to reduce the noise when the current value is measured. c) Development a single 

module of the PCB circuit to simplify the hardware. d) Develop a well develop main body sensor to make 

sure the surrounding did not disturb the magnetic field as well as the current value. e) Upgrade the system to 

detect the flaws or cracks of the material in term of image processing that can be monitored in  

the computer system. 
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