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Abstract. The permeability testing technology is a kind of non-destructive testing method, which 
based on the change of permeability, can detect the stress concentration state and the degree of fatigue 
damage for ferromagnetic samples. The detection sensor based on the constant current source has 
higher detection sensitivity, which overcomes the current negative feedback effect caused by the 
change of the magnetic circuit impedance of the ordinary constant voltage source. According to the 
principle of permeability detection, the influence of the number of turns of excitation coil, the number 
of turns of detection coil on the detection sensitivity were studied. The study shows that the detection 
sensitivity increases first with the increase of the number of turns of the excitation coil and then 
approaches the constant. The detection sensitivity increases as the number of turns of the detection 
coil increase, which is approximately linear relationship. The research can provide reference for the 
development of high sensitivity magnetic permeability detector.  

Introduction 
Permeability testing technology is a new detection method, which can detect the stress 

concentration and fatigue damage of the whole or regional ferromagnetic components early and 
effectively evaluate its residual life[1]. Among them, the detection sensor is an important part of the 
detection system, its performance determines the sensitivity and detection quality of magnetic 
permeability detection method[2]. Therefore, the design of sensor based on magnetic permeability 
detection technology has an important practical significance[3]. For permeability testing technology, 
there are many factors that affect the performance of the sensor, For example, core selection, coil 
winding method and enameled wire selection[4]. 

At present, the evaluation methods of the micro-defects such as fatigue damage, stress 
concentration and heat treatment quality of the ferromagnetic specimen include metal magnetic 
memory test[5,6], Barkhausen effect test[7], acoustic emission test[8], ultrasonic stress test[9], the 
radiation stress detection method[10] and so on, but there are limitations in terms of detection 
reliability, detection resolution and practical effect, and need to be further studied. This paper 
attempts to establish a model of  the number of turns of excitation coil, the number of turns of 
detection coil and detection sensitivity using magnetic permeability testing technology[11,12], 
optimize the detection sensor system from the detection signal and excitation signal, and will be of 
great significance to the inspection of micro-defects such as stress concentration, fatigue damage or 
heat treatment of the ferromagnetic components in the project. 

Analysis of the relationship between the detection signal and permeability 
The theoretical basis of the permeability testing technology is the microscopic force effect and 

electromagnetic induction principle. When the detection probe which is fed into the alternating signal 
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approch the seized ferromagnetic workpiece, the probe and the seized ferromagnetic workpiece form 
a closed magnetic circuit. When there is stress concentration and fatigue damage inside the 
ferromagnetic specimen, according to the excitation effect, the magnetic flux density changes when 
the magnetic flux in the closed magnetic circuit passes through the part. According to the principle of 
electromagnetic induction, the output signal of the detection coil changes with the change of the 
magnetic flux density inside the magnetic core. By extracting the value of the induced voltage output 
by the detection coil, can reflect the change of the initial permeability of the ferromagnetic material. 
Test probe structure shown in Figure 1. 

 

 
Fig. 1  Sensor structure diagram 

 
Select the constant current source as the excitation source. Based on magnetic circuit loop theorem 

and magnetic Ohm's Law: mi Rφ= , i express excitation current of the yoke, φ express the magnetic 
flux generated by the single-turn excitation current, mR express the magnetic resistance of full 
magnetic circuit. Therefore, / mi Rφ = , mR  consist of moutR and minR , which expressed the magnetic 
resistance of air part and magnetic resistance of specimens respectively in the magnetic circuit. 
Therefore, min/ / ( )m mouti R i R Rφ = = + ， / [ / ( )]mouti R L Sφ µ== + , µ express permeability of 
specimen, L is the length of specimen, S express the average equivalent cross-sectional area. 
According to Maxwell second equation:   

s

BE dl ds
t

∂
⋅ = − ⋅

∂∫ ∫ ，flux density /B Sφ=  

output signal can be obtained: ds
tS

NdlENuout ⋅
∂
∂

−=⋅= ∫∫
φ2

2                           (1) 

                   
dt
di

SLR
Nds

tS
Nu

outm
out )/(

1
2

2

µ
φ

+
−=⋅

∂
∂

−= ∫                                  (2) 

In equation (2), N1 and N2 express the number of turns of the excitation coil and  the detection coil, 
respectively. Formula (2) indicates that when the permeability µ of the specimen to be changed, the 
output signal can change correspondingly. Negative express the phase relation of current and voltage. 
It can be seen that the detection voltage signal is closely related to the permeability µ of the test piece 
and can directly reflect the differential permeability of the test piece. By detecting the induced signal, 
the change of permeability of the specimen can be determined, and then reflect the internal structure 
state of the ferromagnetic components. 

Influence of coil characteristics on detection sensitivity 
The relationship model of excitation coil turns (N) and detection sensitivity 

Maintain the number of turns of the detection coil is 300, the excitation current I = 0.06App, the 
excitation frequency f = 1000Hz, the relationship between the detection sensitivity and the number of 
turns of the excitation coil was experimentally studied, as shown in Figure 2 (a). Among them, the 
measured voltage signal is peak-to-peak (Vpp). As can be seen from Fig. 2 (a), within a certain 
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number of turns of the excitation coil, the detection sensitivity increases with the number of turns of 
the excitation coil, showing that the growth rate is large first, then small, and tends to be constant in 
the last. The influence of the number of turns of the excitation coil on the detection signal includes 
two factors. One is the increase of the number of turns of the excitation coil, and the increase of the 
magnetic field strength linearly, resulting in an increase of the detection signal. Second, as the number 
of turns of the excitation coil increases, the magnetic flux in the yoke gradually becomes saturated and 
tends to be constant. When the number of turns of the excitation coil N = 400, the detection sensitivity 
tends to be the highest, set N = 400 for the optimum excitation coil turns. 

Figure 2 (b) shows the relationship of the detection sensitivity with frequency changes under the 
different excitation coil turns. As can be seen from Figure 2 (b), as the number of turns of the 
excitation coil increases, the optimum frequency shifts to low frequencies, the first extreme point 
detection signal gradually increases and the second extreme point the detection signal is substantially 
unchanged. 
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Fig. 2  (a) The curve of detection sensitivity changing with turns of excitation coil 
(b) The curve of detection sensitivity changing with the frequency under  

different turns of excitation coil 
The relationship model of detection coil turns (N) and detection sensitivity 

Maintain the number of turns of the excitation coil is 300, the excitation current I = 0.06App, the 
excitation frequency f = 1000Hz, the relationship between the detection sensitivity and the number of 
turns of the detection coil was experimentally studied, as shown in Figure 3 (a). As can be seen from 
Fig. 3 (a), within a certain number of turns of the detection coil, and the detection sensitivity shows a 
linear upward trend as the number of turns of the detection coil increase. Figure 3 (b) shows the 
relationship of the detection sensitivity with frequency changes under different turns of the detection 
coil. As can be seen from Fig. 3 (b), the optimal frequency has nothing to do with the number of turns 
of the detection coil, does not vary with the number of turns of the detection coil. 
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(a)                                                                                   (b) 

Fig. 3  (a) The curve of detection sensitivity changing with turns of detection coil 
(b) The curve of detection sensitivity changing with the frequency under  

different turns of detection coil 

Conclusions 
Through the design of sensor of permeability testing technology, the influence of the number of 

turns of excitation coil, the number of turns of the detection coil on the detection sensitivity were 
studied, the following conclusions can be obtained: 
(1) In a certain number of turns of excitation coil, the optimal excitation frequency, detection 
sensitivity is related to the number of turns of the excitation coil turns . The detection sensitivity 
increases with the increase of the number of excitation coil turns, then the saturation tends to a 
constant value. As the number of excitation coil turns increases, the optimum frequency shifts to low 
frequencies. 
(2) Detection sensitivity is related to the number of turns of the detection coil, and increases linearly 
with the increase of the number of turns of the detection coil. The optimum detection frequency is 
independent of the number of turns of the detection coil and does not change with the number of turns 
of the detection coil. 
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