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Abstract. In order to investigate the approach to charamtethe damage

behavior of ferromagnetic material components il by metal magnetic

memory testing, a sheet specimen with a precubnait€235 steel was chosen
to measure the self-emitting magnetic signals srsutrface during tensile test.
The results showed that an abnormal magnetic sapy@ared at the position of
the precut notch after early loading and then faansed gradually to a clear
magnetic abnormal peak with the tensile load irgirgp which implied that the

variations of self-emitting signals can reflect théuence of applied load on
the specimen dynamically. The above-mentioned pinenon was discussed
from the point of view of magnetomechanical effect
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1 Introduction

Ferromagnetic parts are widely used in engineeffietds [1-3]. During their
manufacturing process or operation, various defedfisunavoidably occur in the
materials [4-6]. In most cases the ferromagnetiomanents have to work with these
defects. Hence, monitoring the changes of the tiefiymnamically in service is very
important to ensure the safety of the components.

However, most of the available non-destructiveitgsinethods, such as ultrasonic
inspection, eddy current inspection, penetrant énpn, and magnetic particle
inspection, can only examine macroscopic defeticatly, which are not suitable for
monitoring microscopic defect change dynamiddlly At present acoustic emission
testing is the only dynamic method for early damatj@gnosis. However, the
measured components must be loaded by using acamission testing, and it is
difficult to analyze the acoustic emission signdile to existing noise interference,
which limits the method practical applicat[8(D].

Metal Magnetic Memory testing (MMMT) is a relatiyehew non-destructive
testing method which was first put forward by RassiresearcheB0-12]. The
method is regarded as another non-destructive igpohirior early damage diagnosis,
which can find the stress concentration zone afofeagnetic materials. However,
due to lack of fundamental investigation, it idl stiproblem how to characterize the



damage behavior of ferromagnetic materials by ugimgtal magnetic memory
signal$13].

In this paper a sheet specimen of Q235 steel witteaut surface notch was chosen
to find the mode of metal magnetic memory methaatatterizing damage behaviour
by means of tensile test.

2. Experiment

2.1. Specimen preparation

The test material is Q235 steel which is widelydusedifferent engineering fields. Its
chemical composition and mechanical propertiesbeafound in referencg&4].

The geometry and dimension of specimen are showhigril. A precut notch,
which length is 10mm, width is 0.5mm, depth is Oabmwvas machined on the center
of the specimen surface by electric discharge nmamfpitechnique. Three measured
lines of 90mm length with an equal interval wereaaged through the notch on the
surface of the specimen.
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Fig. 1. The precut notch and measured lines on the spacime

2.2. Experimental set-up

The tensile test was carried out with a servo hyldraMTS810 testing machine with
static error£0.5%. The metal magnetic memory signals(yH signals (i.e. the
component of self-leakage field), were measureciinyEMS-2003 Metal Magnetic
Memory instrument. In the tensile test, the speaimwas vertically held between the
upper and lower grip holders of the testing machilieen loaded to a predetermined
load and retained some time, the specimen was tekefully from the machine and
placed on a non-magnetic electrical scanning plaitfalong the south—north axis.
Then, the K(y) values of all three measured lines were calechfter measurement,
the specimen was loaded again to a higher predietednstress, and the above
measuring procedure was repeated until the spedaied.



3. Results and discussion

3.1. Distributions of Hy(y) signalsduring the test

During the test, only elastic deformation occuriedhe specimen if the applied load
was less than 40kN. The specimen yielded whenetigle load was up to 49kN, and
at last it was failed at 68kN. The distributionsH){(y) signals at initial state before
loading, 1kN, 10kN, 40kN, 60kN and 65kN respectwekere shown in Fig.2.
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Fig. 2. The distribution of K(y) signals on the three measured lines duringleetest

In Fig.2 the red circle indicated the position bk tprecut notch. Because the
specimen was demagnetized before tensile teswale of initial magnetic signals
were very small, which were in the ranget@DA/m.

The initial H,(y) curve of the specimen had a curly feature tmesaegree, no
abnormal magnetic signals were observed on theéigosif the precut notch.

After a tensile load of 1kN was applied to the spen, the magnetic signal curves
on the three measured lines presented a featureaghetic ordering, which left
signals were negative and right signals were pasitAt that time a very weak
abnormal signal was observed at the position optleeut notch, which was induced
by the load of 1kN. If the position of the precateh was not known beforehand, the



abnormal signal might be ignored. The result shothed the applied load can excite
the precut notch to generate self-emitting sigreld change the magnetism of the
specimen. However, the load of 1kN was too smalprieduce a strong feature of
abnormal magnetic signals.

When loaded up to 10kN, a rough abnormal magnetik mppeared, indicating the
existence of the precut notch. At 40kN, the shapéhe abnormal magnetic peak
became clearer continuously. When the applied loadeased up to 60kN, the
magnetic signal curve became an approximate slogihaight line, and the abnormal
magnetic peak at the position of the precut notahwed a clear feature of crest and
trough. The last figure indicated the magneticestah the measured lines before
failure. At that time the applied load is 65kN, ahd specimen had a high elongation.
Moreover, observed by a reading microscope, it feamd that the width of the
precut notch increased whereas the depth of thehndécreased, leading to the
abnormal magnetic signals weakening.

The above results showed that a applied load camgeh the magnetism of
ferromagnetic materials. With the applied load éaging, the magnetism increased.
Hence the precut notch emitted magnetic signalsclwhiresented a feature of
abnormal magnetic peak. Moreover, the distributiohthe abnormal magnetic peak
changed with the applied load increasing. Henceaih be inferred that metal
magnetic memory testing has the ability to monitbe variations of defect in
ferromagnetic materials dynamically. During meament ferromagnetic materials
need not loaded. The feature signals of defectlasr enough to further analyze.

3.2. Load-induced magnetism enhancement

The above mentioned results showed that an apfded on the specimen, even if
very small, could change the magnetism of the defderomagnetic material under
the Earth magnetic field. Thus the applied load lsarseen as a external excitation,
which cause the abnormal magnetic signals occuraimg) enhancing at the precut
notch.
According to the magnetomechanical effect, whemdal tensile load is applied

to ferromagnetic specimen, the specimen will defdeading to the appearance of
stress energy of £

E, :—ga/l(co§ 6-vsin®8) @
Consequently, the applied load alter the magnetisthe ferromagnetic specimen,

causing an effect magnetic field Hn the specimen:
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Under the effect of |} on the one hand, the magnetic charges will actateion
both ends of the specimen, causing different pi#ariN and S, appearing at the two
ends. Hence the magnetic signal curve exhibitedl doearity after loading, which
the left signals were negative while the right signvere positive. With the axial load



increasing the effect magnetic field creased, thus the magnetism of the specimen
increased too, leading to the gradual disappetireo€url of the magnetic signal curve
and the increase of the linearity and the slopéficamt of magnetic signal curve.

On the other hand, when the specimen was magnddizéte effect magnetic field,
the precut notch on the surface cut the path ofneiég lines of H. Similarly, the
magnetic charges with different polarities accurredaon both sides of the notch.
Consequently, the abnormal magnetic peak graduafipeared with the load
increasing. Consequently, the amplitude of loadliegpo ferromagnetic materials
and their deformation can be inferred by measuaing) analyzing the feature signals
of defects, thus the damage degree of ferromaguetigponents can be known in
service. The schematic diagram was shown in Fig.3.
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Fig. 3. The generation of magnetic polarities induced Ryhithe surface of the specimen

4. Conclusions

When a axial tensile load was applied to the feagnetic specimen, an effective
magnetic field was occurred, causing opposite magobarges accumulation on the
both ends of the precut notch. Hence, the prectghnemitted abnormal magnetic
signals spontaneously due to the excitation of déffective magnetic field. The

abnormal magnetic peak gradually appeared withatigdied load increasing, which
indicated the position and amplitude of the pretafect. It is feasible to dynamically
monitor the damage degree of ferromagnetic magewih defects by means of metal
magnetic memory testing.
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