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1. INTRODUCTION 
 

Eddy current technique plays an important role in non 
destructive test. Based on the principal of electromagnetism, 
eddy currents flow in a conducting surface when time varying 
magnetic fields move through that surface. Magnetic fields 
induced from the surface could be detected by a coil placed in 
close proximity. As an example, assume that there is a deep 
crack in the surface immediately underneath the coil. This will 
interrupt or reduce the eddy current flow, thus decreasing 
voltage across the coil. We can then detect change in the 
material of interest. In the proper circumstances, eddy currents 
can be used for crack detection, material thickness 
measurements, coating thickness measurements and 
conductivity measurements, heat damage detection, case depth 
determination and heat treatment monitoring[1-2]. 

In this paper, eddy current techniques are used to 
nondestructively measure the thickness of nonconductive 
coatings on nonferrous metal substrates. A coil of fine wire 
conducting a high-frequency alternating current (above 0.1-10 
MHz) is employed to set up alternating magnetic fields. When 
the probe is brought near a conductive surface, the alternating 
magnetic fields will set up eddy currents on the surface. The 
substrate characteristics and the distance of the probe from the 
substrate (the coating thickness) however affect the magnitude 
of the eddy currents. The eddy currents simultaneously create 
their own opposing electromagnetic field that can be sensed by 
the exciting coil itself or by a second, adjacent coil (detecting 
coil). The eddy current affects a voltage output of detecting 
coil. Any change in voltage of detecting coil can determine the   
distance between the probe and the substrate (the coating 
thickness). 

 
2. METHOD 

 
The basic of our eddy current testing is to monitor  the 

voltages across the coil[3-5]. The proposed eddy current probe 
consists of a coil L1 and a coil L2 (see fig. 1). When 
alternating current is passed through the coil L1, a magnetic 
field is generated around the coil. The magnetic fields from 
coil L1 induce the voltage on the coil L2 which can be 
monitored on an AC meter. When ever the probe is brought in 
close proximity to a conductive material, such as aluminum, 

the alternating magnetic field generates a current in the 
material (see fig. 2) flowing in closed loops in a perpendicular 
plane with the magnetic flux. Such an eddy current decrease 
the magnetic induce to the coil L2 and also the voltage across 
coil L2 (see fig. 3 and 4). The distance that probe places from 
the conductive material is called lift-off which significantly 
affects the voltage across coil L2. The effect of lift-off can be 
used to measure the thickness of a nonconductive material 
coating on conductive material. 
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Fig. 1 Simplified eddy current probe. 
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 Fig. 2 Magnetic fields generate eddy current in the material. 
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Fig. 3 Eddy current flows in a conductive material coated by a 
thick plastic film.  
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Fig. 4 Eddy current flows in a conductive material coated by a 
thin plastic film. 

 
3. EDDY CURRENT SYSTEM 

 
The proposed eddy current system is shown in fig. 5. The 

system consists of a sine–wave generator circuit, amplifier 
circuit, eddy current probe, Instrumentation amplifier (INA) 
circuit, demodulator circuit, A/D converter and display.  
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Fig. 5 The proposed eddy current system. 
 

A sine–wave generator (fig. 6), based on the MAX 038 
with minimum of external components, provides a high stable 
and low distortion sinusoidal waveform. The output frequency 
is controllable over a frequency range of 0.1 Hz to 10 MHz. 
The output from MAX 038 is then amplified by amplifier 
circuit (op-amp type AD818) before being sent to the 
transmitting coil. The detecting coil recieves the signal which 
is then amplified by an instrumentation amplifier (INA) by 
which RG defines the voltage gain;  
 
RG = 6000 Ohm/(G-1)                                    (1) 
 
From equation (1); 
 
G = [(6000 Ohm)/RG]+1                                  (2) 
 
Where  G   = Gain of instrumentation amplifier circuit. 
        RG = Resistor used for define the gain of the 

instrumentation amplifier. 
 
Based on square law detection, the resultant DC signal has 

been demodulated from INA before being sent to A/D 
converter for converting to digital and displayed. 
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Fig. 6 A sine–wave generator circuit, amplifier circuit, eddy 
current probe and Instrumentation amplifier (INA) circuit. 
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Fig.7 The demodulator (multiplier) circuit. 
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As shown in fig. 7-8, the detecting circuit, based on square 

law detection, the AC signals from the INA are sent to an 
analogue multiplier circuit (AD734) to produce the square by 
itself. The squarer performs demodulation as follows; 
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Where A = Amplitude of signal. 
      S = Scale factor of multiplier circuit.  
    
 The output signal from the multiplier circuit consists of  
DC and high frequency sine-wave components. A 2rd orders 
low-pass filter with cut-off frequency of 10 KHz, is used for 
rejecting the high frequency sine-wave components before 
sent to a square rooter circuit (AD633) as shown in fig. 8. 
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Fig. 8 Square rooter circuit. 
 
The square root signal performs as follow; 

From the equation.(4), the output Vd after low-pass filter 
circuit is; 
 

S
ALPFVd
2

)(
2

=                                  (5) 

 
 And then the output Vd after square rooter circuit is; 
 

S
AVoutput
2

=                                (6) 

 
The resultant DC signal output represents the thickness of 

plastic film coating on aluminum plates. 
 

 
4. EXPERIMENT AND RESULTS 

 
To evaluate the performance of the proposed system, plastic 

film coating on aluminum plates with thickness of 0 to 1 
millimeters were used in experiments. We measured the 
thickness of plastic film coating on aluminum plates by 
proposed system.  

 

 
 

Fig. 9 Output of receiving coil when the probe is placed in 
the air.  

 

 
 

Fig.10  Output of receiving coil when the probe is placed 
on 1 millimeter plastic film coating on an aluminum plate. 

 

 
 

Fig. 11 Output of receiving coil when the probe was placed 
on an aluminum plate (without material coating on ).  
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The fig. 9 shows output signal of receiving coil when the 

eddy current probe is positioned in the air. The output voltage 
has maximum amplitude because there are not any effects of 
eddy current. In the fig. 10, the output voltage from receiving 
coil decreases in when the eddy current probe is positioned on 
1 millimeter plastic film coating aluminum plate. The fig. 11 
shows the output voltage of receiving coil when the eddy 
current probe is positioned on aluminum plate (non material 
coating on aluminum plate). The minimum voltage shows the 
effect of eddy current in aluminum plate at the closest distance 
between the probe and the plate. 
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Fig. 12 Lift-off characteristics of eddy current probe. 

 
The fig. 12 shows lift-off characteristics of our eddy 

current probe. The output voltage has linearity at distance 
between the probe and aluminum plate in the range of 0-2 
millimeters. 

 
PLASTIC FILM

ALUMINUM PLATE

 
 

Fig. 13 Sample used for testing the system. 
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Fig. 14 Output voltage plot dues to the different thickness of 

plastic coating on aluminum plate (0-1 mm). 
 

As we convert the lift-off into the thickness, the plot in fig. 
14 shows the linearity of the measurement.   

 
5. CONCLUSIONS 

 
Our new designed eddy current system for measure the 

thickness of nonconductive coatings on nonferrous metal 
substrates has been detailed in the paper. Results of some 
preliminary experiments with coated aluminum plates has 
been shown satisfy sensitivities, linearity, resolution and 
stability of the system. 
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