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Abstract 

Corrosion is one of the important factors in equipment failures. Wall thinning can be used to evaluate corrosion 

conditions. However, most of equipments are coated with insulations in order to elevate the energy efficiency. 

Pulsed eddy current (PEC) testing technique can be used to measure wall thinning through insulation. But when 

the insulation outside is wrapped with galvanized steel, PEC signals will become weak. In this paper, the 

saturation PEC (SPEC) testing system for wall thinning through insulation with ferromagnetic cladding is 

developed. Firstly, a magnetic apparatus is employed to magnetize ferromagnetic cladding to saturation; 

therefore, the magnetic shielding effect of the cladding becomes weak. Secondly, a parallel-bridge connection 

powerk amplifier is developed to increase the excitation energy. Finally, a signal processing method is used to 

improve the signal to noise ratio (SNR). The experiment results indicate that the system can measure 10% 

variation of wall thinning in the case of insulations with 0.5 mm thick ferromagnetic cladding. 
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1.  Introduction 
 

Corrosion is one of the factors which lead to the equipment failure. It is one of the key 

issues that how to test the corrosion in the non-destructive testing (NDT) field. In recent years, 

PEC has gradually employed to test corrosion, especially in the test of wall thinning due to 

corrosions. The most important advantage of PEC testing is without removal of coatings, 

which are usually applied in many industries to reduce energy loss. 

PEC testing uses a rectangular pulse to excite the tested objects and measure its response. 

According to the characteristics of tested objects, the PEC testing can be divided into 

categories, namely ferromagnetic material and non-ferromagnetic material testing. In the area 

of PEC testing of non-ferromagnetic materials, the magnetic permeability is a small constant. 

On the contrary, this problem become complicated in the PEC testing of ferromagnetic 

materials, because the permeability is very large and can be varied with different conditions. 

Therefore, it is a difficulty in PEC testing. However, many researchers still make some work. 

V.O.de Haan et al. developed an analytical method to describe the decay of eddy currents in a 

circular geometry and then gave a method for measurement wall thickness without reference 

signals 
[1]

. Huang et al. gave a realization of a type of PEC testing system and its application 

in ferromagnetic pipe testing from inside and outside of the pipe 
[2]

. In the above researches, 

the ferromagnetic cladding is seldom considered. However, most of insulations are with the 

sheeting of steel plate or galvanised steel plate considering costs, which would make an 

influence on the PEC testing 
[3]

. 

 In this paper, a PEC testing system is developed to test wall thinning with the 

ferromagnetic cladding. Firstly, the principle of SPEC is introduced. Secondly, a method for 

increasing exciting energy is illustrated from the electronic circuit design and a signal 

processing method which used to improve signal noise ratio (SNR) is presented. Finally, the 

experiment and field test results are given. 
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2.  Principle 
 

Figure 1 shows the principle of SPEC testing objects with the ferromagnetic cladding. 

The biggest difference between the SPEC and the conventional PEC testing is that a magnetic 

apparatus is set up outside the SPEC coils. The magnetic apparatus serves two functions. 

When the magnetic apparatus magnetize the cladding to saturation, its magnetic permeability 

reduced, the eddy current effects of the ferromagnetic cladding reduced and the exciting 

energy which directly induced on the tested objects increases. Therefore, the effective energy 

increases for the exciting. On the other hand, the magnetic shielding for the receiving coil can 

be weakened. More second magnetic flux can be detected by the receiving coil, and more 

details about corrosions can be obtained. Details of principle are explained by Xu et al. 
[4]

. 

 

 
Figure 1 Principle of SPEC testing objects with the ferromagnetic cladding 

 

3.  SPEC Testing System 
 

Figure 2 shows the schematic block diagram of the SPEC testing system. It consists of 

sensors, signal generator, power amplifier, A/D card USB-based and portable computer. Two 

difficulties need to be addressed in the developed system. One is the power amplifying circuit; 

the other is noise signal suppressing method. The parallel-bridge connection circuit is 

employed to increase the output power. The cumulative integral method is used to suppress 

measurement and environment noises. Details are discussed below. 

 

 
Figure 2 Schematic block diagram of the SPEC testing system 

 

3.1 Parallel-Bridge Connection Power Amplifier 

 

An audio power amplifier operates in a continuous model. A transformer is employed in 

its output stage and it can’t output a direct current. Furthermore, it easily leads to serious 
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signal distortions for amplified signals with flat-topped characteristics such as rectangular or 

step signal. Therefore, it isn’t suitable for PEC exciting signal amplification. A new power 

amplifier with four power amplifier units has been developed. Each of power amplifier unit is 

composed of output transformerless circuits. Its maximum output current, power supply 

voltage and slew rate is 5Amp, 15V and 20V/μs, respectively.  

The maximum load voltage and the output current are the most influential factors in 

developing a power amplifier. When the load voltage is lower than the power amplifier 

maximum output voltage, the maximum output power of amplifier is 

                                                       loadloadcurrent RIRP
2

max)(  .                                                    (1) 

Where, currentP is the max output power, loadR is the load impedance, and maxI is the maximum 

output current. The currentP   increases linearly with the load impedance until the load voltage 

reach to the maximum output voltage of power amplifier as shown in Figure 3. 

After a power amplifier output reaches its utmost, with the load impedance increasing, 

the voltage will become the most influent factors related with the maximum output power as 

shown in Figure 3. The reason is that the limited supply voltage can not provide the maximum 

output current for the load. Therefore, the utmost power decreases hyperbolically with the 

increasing load impedance as  

                                                       loadloadvoltage RVRP /)(
2

max                                                    (2) 

Where, voltageP is the maximum output power, and maxV is the maximum output voltage. 

According to the above analysis, in order to increase the ability of the power amplifier, 

power amplifier units can be connected in parallel or bridge form. The parallel form is that 

two power amplifier units are parallel connection, which would roughly double the current 

output with remaining the maximum output voltage. The bridge form is that two inverse 

output power amplifier units are separately connected with two ends of the load, which 

would roughly double the supply voltage with remaining the maximum output current. The 

power amplifier can increase largely if the above two methods are integrated. Figure 3 shows 

relationship between the impedance and power at different connection forms. From Figure 3, 

the current-driven mode and the four power amplifier units’ parallel-bridge connection are 

employed in the developed PEC testing system. 
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Figure 3 Relationship between the impedance and power at different connection forms. 

 



3.2 Cumulative Integration-fitting Signal Processing Method 

 

To achieve a quantitative result of the testing result, a method based on cumulative 

integration-fitting process is proposed. The method exploits cumulative integration process to 

eliminate the noise impacts because the mathematic expectation of the mean of a time domain 

noise is zero. By non-linear fitting to the cumulative integration curve of the original PEC 

signal, the model parameters are obtained.  

A theoretical PEC signal can be written as 
[5] 
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Where, kB  and kC  are the PEC testing feature parameters. There are always noises in 

measurement signals. Hence, the practical signal is  

                                                   )()()( tvtvtv noiseltheoreticapractical  ,                                           (4) 

If we integral both sides of the Eq. (4), we obtain 
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When we set the low integral limit 1T  as a constant and the upper limit 2T  as a variable, 

respectively, the left Eq. (5) is a cumulative integration in interval of  2,1 TT . Where 2T  is 

between  TsT ,1 , Ts  is a sample time range of the PEC signal. 

We suppose that )(tvnoise  is a zero average white noise, when 12 TT  , )(tvnoise  is 

ergodic. Therefore, 
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We obtain 
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The Eq. (3) is substituted into the Eq. (7), we obtain 
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The left side of Eq. (8) is the fitting data from the measurement signal, the right side of Eq. (8) 

is the modelling signals of the PEC 
[5]

. Where, Z  is determined by 1T  of the low integral 

limit. That is to say, it is a constant with the starting sampling time. The cumulative integral 

signal removes the measurement and environment noises. Therefore, Eq. (8) can be used to 

fit )2(T , then kB  and kC  of the PEC testing feature parameter are obtained and the wall 

thinning information is obtained 
[5]

. 

 

4.  Experiment and Field Test 
 

Figure 4 shows a 16Mn steel plate with step wedges which is used as a tested object. 

And Figure 5 shows several pieces of 10mm thick plastic plates are stacked for simulation of 

the insulation and a galvanized steel sheet of 0.5mm thickness is used as ferromagnetic 

cladding. Figure 6 shows typical testing signals with the conventional PEC and SPEC testing 

system. It is difficult to distinguish between the conventional PEC testing signals of 30mm 

and 35mm thick zones. But it is clear to see the difference between the SPEC testing signals 

of 30mm and 35mm thick zones. 

 



 
Figure 4 16Mn steel plate with step wedges 

 

        
(a) Conventional PEC test setup                                             (b) SPEC test setup 

Figure 5 Experiment test 
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Figure 6 Testing signals with the ferromagnetic cladding 

 

Figure 7 shows the utilization of the developed system for the measurement of insulation 

pipes with galvanized steel sheeting. The measurement results are good agreed with the 

ultrasonic testing.  

 

 
Figure 7 Field test 



 

5.  Conclusion  
 

A PEC testing system is developed to test wall thinning with the ferromagnetic cladding. 

In order to weaken the effect of the ferromagnetic cladding, it is proposed a method that 

magnetizer magnetizes the ferromagnetic cladding to saturation, which increases the exciting 

energy and decreases the magnetic shielding. Then, the parallel and bridge integrated 

connection technique is employed in the development of the power amplifier, which increase 

the power amplifier output ability with the load impedance. Finally, the cumulative integral 

and fitting method is used to increase the SNR. All these technique are integrated into the 

developed PEC testing system. The laboratory and field test results indicate that the system 

can meet practical requirements. 
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