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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 excitation current frequency, excitation current
amplitude on the detection sensitivity were studied. The study shows that the detection sengitivity is
related to excitation frequency, which exists extremes with the changing relationship of frequency; The
detection sengitivity increases with the increase of excitation current, and shows a 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 lifef1]. Among them, the detection sensor is an important part of the
detection system, its performance determines the sensitivity and detection quality of magnetic
permesability detection method[2]. Therefore, the design of sensor based on magnetic permesability
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, the excitation signal
amplitude, excitation frequency, core selection, coil winding method and enameled wire selection[4].

At present, the evauation methods of the micro-defects such as fatigue damage, stress
concentration and heat treatment quality of the ferromagnetic specimen include metal magnetic
memory test[5,8], Barkhausen effect test[9], acoustic emission test[10], ultrasonic stresstest[11], the
radiation stress detection method[12] and so on, but there are problems such as complex testing
process, time-consuming and labor-intensive, high cost and other limitations in terms of detection
reliability, detection resolution and practical effect, which are not enough to solve the actual problems
the current industry facing and need to be further studied. This paper attempts to establish a model of
the relationship between excitation current frequency, excitation current amplitude and detection
sengitivity using magnetic permesability testing technology[13,14], 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.
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Analysis of therelationship 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
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 signa 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.

Detection Coil — % —— Exciting Coil
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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:i =f R_, i express excitation current of the yoke, f express the magnetic
flux generated by the single-turn excitation current, R expressthe magnetic resistance of full magnetic
circuit. Therefore, f =i/R,, R, consst of R, andR,;,,, which expressed the magnetic resistance of
air part and magnetic resistance of specimens respectively in the magnetic circuit. Therefore,
f=i/R,=i/(Ry+*R,,) » T =i/[R,, +L/(mS)], mexpress permeability of specimen, L isthe
length of specimen, S express the average equivalent cross-sectional area. According to Maxwell
second equation:

[OE>dl =- (‘)111—'?>ds , flux density B=f /S

output signal can be obtained: u,, = N, ¢ xdl =- %(‘)‘% xds
Uyt NZ C‘)E S=- NZ L ﬂ (1)
S Mt R, *L/(nB)dt

In equation (1), N; and N, express the number of turns of the excitation coil and the detection coil,
respectively. Formula (1) indicates that when the permeability mof 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 mof 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.
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Influence of excitation current characteristics on detection sensitivity

Therelationship model of AC excitation frequency (f) and detection sensitivity

Select 45 stedl plate asthe test object, the overall dimensions of 560mmx150mmx10mm. U-shaped
yoke chooses high permeability Mn-Zn ferrite material, the overall dimensions of 58mmx13mmx33mm.
Select the sine wave as the current excitation source for the experiment, the excitation signal generated
by the bipolar power supply BP4610, read the pick-up signal on the detection coil on the oscilloscope.
Two loops were chosen in the experiment: ferromagnetic loop and air loop. When the probe is placed
on the ferromagnetic specimen, the closed magnetic circuit composed of the magnetic core and the
ferromagnetic specimen is a ferromagnetic circuit; Remove the ferromagnetic component to be
inspected, the closed circuit formed by the probe core and the air environment is the air circuit. The
difference between the detection signal of the ferromagnetic circuit and the air circuit is defined as the
sengitivity of the detection technique.

Supposing that the number of turns of the excitation coil and the detection coil are both 300, the coll
wire diameter is 0.2mm, the excitation coil is fed with sinusoidal alternating current of | = 0.06 App.
The detection signals of the ferromagnetic circuit and the air circuit, and their differences (detection
sengitivity), vary with the excitation frequency, as shown in Figure 2. Figure 2 shows that within a
certain excitation frequency range, the detection signal of the ferromagnetic circuit and the air circuit
both increase and then decrease with the increase of the excitation frequency, and there is a maximum
value. The difference of detection signal between the ferromagnetic circuit and the air circuit(detection
sengitivity) has two extremums as a function of frequency. As the excitation frequency increases, the
sengitivity of the detection increases first, then decreases and then increases, finally tends to a fixed
value, that is, the detection probe hastwo optimal frequencies. The choice of the optimal frequency can
be based on the characteristics of the defect to be selected, the detection of shallow cracks using a
higher frequency, and the detection of deeper cracks can choose lower frequencies.
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Fig. 2 Thecurve of signals of detection changing with the frequency

Therelationship model of AC excitation current (1) and detection sensitivity

Detection sensitivity isrelated to excitation current, the relationship of the detection sensitivity with
the excitation frequency under different excitation current conditions shown in Figure 3. It can be seen
from Figure 3 that the detection sensitivity increases as the excitation current increase at the optimum
frequency. When the excitation frequency is about 1000Hz and about 1460Hz, the detection sensitivity
is the maximum, that is, the excitation frequency(the optimum frequency) with the highest detection
sengitivity. The optimum frequency does not change with the AC excitation current. (The following
experimental study are al on the optimum frequency 1000Hz )
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Fig. 3 Thecurve of detection sensitivity changing with the frequency
under different excitation current

Figure 4 shows the relationship of the detection sensitivity with AC excitation current under the
optimal excitation frequency f = 1000Hz. As can be seen from Figure 4, the detection sensitivity
increases with the increase of AC excitation current, and shows a linear relationship. However, in
practical experiments, the excitation current is too large, will increase the detection signa level,
resulting in increased noise signal, fever and so on. The noise signal represents the square root of the
signal fluctuation when a uniform ferromagnetic test piece is detected. Therefore, the selection of the
probe when the number of turns of two coils are 300 can choose | = 0.06 ~ 0.1App, f = 1000Hz AC
current source as aferromagnetic material permeability testing excitation source.
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Fig. 4 Thecurve of detection sensitivity (at the optimal excitation frequency)

changing with AC excitation current

Conclusions

Through the design of sensor of permeability testing technology, the influence of excitation current
frequency, excitation current amplitude on the detection senstivity were studied, the following
conclusions can be obtained:

(1) Magnetic permesability detection sensitivity is related to excitation frequency. As the excitation
frequency increases, the sengitivity of the detection increases first, then decreases and then increases,
finally tendsto afixed value, that is, the detection probe hastwo optimal frequencies. The choice of the
optimal frequency can be based on the characteristics of the defect to be selected, the detection of
shallow cracks using a higher frequency, the detection of deeper cracks can choose lower frequencies.
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(2) The sensitivity of magnetic permeability detection is related to the amplitude of excitation current,
and increases with the increase of sinusoidal AC excitation current, and shows alinear relationship, but
the signal level and noise signal also increases as the AC excitation current increase.
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