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Abstract: Residual stresses in ferromagnetic material affect the direction and structure of domains and generate magnetic field

abnormality on the surface. In the formation of stress induced magnetic field, the influence of geomagnetic field is unclear. Resid-

ual stress specimen was produced by tight matching of a round ring and a peg. The magnetic fields of contrast specimens, which

were produced in geomagnetic field or in shielding geomagnetic field, were inspected with 8 mm lift-off. The results show that mean

amplitude of magnetic field of the specimen produced in geomagnetic field is 0. 85% larger than that of specimen produced in shield-

ing geomagnetic field. So the formation of stress induced magnetic field abnormality above the surface of inspected ferromagnetic ma

terial geomagnetic field gives little contribution.
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1 INTRODUCTION

The effects of stress on susceptibility, coercivity,
power loss and remanence, under uniaxial or biaxial even
stresses were studied'' . The effect of stress on hystere-
sis has also been modeled both by a microscopic model
which distinguishes magnetization directions within do-
mains and by a model which considers only macroscopic
variables for polycrystalline materials without examining
behavior inside individual domains''”'. Naturally, such
studies require the co-application of magnetic fields.

The domain structures and magnetic properties of
polycrystalline ferromagnetic materials under stresses, es
pecially uneven stresses, without co-applied field, have
not been studied. For the first time, the spontaneous mag-
netization phenomena in production were noticed in 1970 s
by ZHONG''Y. He found that demagnetized ferromagnetic
materials are intensely magnetized by cutting or operation,
and named the first “magnetization by machining” and the
second “magnetization through operation”. The same phe-
nomenon was observed in Russia at the beginning of
1980 s when strong magnetization was detected in the ar
eas of boiler pipe destruction. Doubov called this phe
nomenon metal magnetic memory(MMM)'? . He investi-
gated the level and distribution of residual magnetization
and accordingly scattering magnetic field on the surface of
the tested equipment, the influence of magnetoelastic and
magnetomechanical effects. In the formation of MMM, the

influence of geomagnetic field was unclear. A simple two-

domain model was created to illustrate stress induced bulk

moments by Garshelis' .

The condition under which
stress can alone establish net magnetic moments in the ab-
sence of applied field was discussed. However, there
were no test data for the model validation.

The distributions of two-dimensional stress and cor-
responding three-dimensional magnetic field were test-
ed!™ 1 In these studies, the relationship of residual
stress and magnetic field abnormality on the surface of fer-
romagnetic materials was also discussed. However, these
experiments were processed under the circumstance of ge-
omagnetic field. So the action of geomagnetic field was
still not resolved in the formation of stress induced mag-
netic field abnormality.

In this paper, residual stress specimens are pro-
duced by tight matching of round rings and pegs in geo-
magnetic field or in shielding geomagnetic field as con-
trast. The influence of geomagnetic field is studied in the
formation of stress induced magnetic field abnormality

above the surface of inspected ferromagnetic material.
2 EXPERIMENTAL

2.1 Specimen

The initial specimens, made of mild steel, are pairs
of round rings and pegs. The ring is a circular board with
a round hole in its center. The peg is a short column,
which has a tight matching with the hole of the ring. Fig.

1 shows the dimensions of the specimen. The external di-
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ameter of the ring is 160 mm, its internal diameter is 40
mm, which has a tolerance of O mm to + 0. 021 mm. The
external diameter of peg is 40 mm, which has a tolerance

of + 0. 043 mm to+ 0. 059 mm. The thickness of the

specimens is 6 mm.
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Fig. 1 Dimensions of ring and
peg specimen( unit: mm)

The rings and pegs have strongly remanence ( ex-
ceeding one Gauss on certain place) because of residual
stress produced by manufacturing. So the rings and pegs
were annealed to reduce residual stress and remanence by
heating them at 800 C( just exceeding Curie point) for 1
h, and then allowing them to cool naturally in the fur
nace. After that, their remanence decreased to less than
0. 02 Gauss under shielded environment.

Chemical composition of the mild steel specimen is

listed in Table 1.

Table 1 Chemical compositions of mild steel( % )
C Mn Si S P
<0.20 1.20-1.60 0.20~0.55 < 0.030 < 0.035

2.2 Experimental equipment

2.2.1 Hydraulic pressure system
The peg and the ring in § 2. 1 should be assembled

magnetic field on the formation of residual magnetization
induced by stress, the pegs were pressed into the rings by
hydraulic pressure machine in the environment of geomag-
netic field and in the environment of geomagnetic field re-
moval. Fig. 2 illustrates the schematic hydraulic equip-
ment and a specimen is pressed on the condition of geo-
magnetic field removal. The maximum pressure of the hy-

draulic pressure machine is 150 kN.

Hydraulic pressure
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Fig. 2 Sketch map of hydraulic pressure system

Three aluminum columns block the specimen from
contacting to ferromagnetic components of the hydraulic
pressure machine, which can avoid the magnetization of
specimens by the remanence of ferromagnetic components.
A cylinder made of 78Ni permalloy was used to shield en-
vironment geomagnetic field. The diameter of the cylinder
is 200 mm and its height is 400 mm. Two specimens were
made in the magnetic field shielding cylinder. The other
two specimens were made under geomagnetic field envi
ronment for contrast.

2.2.2 Weak magnetic field testing system
Fig. 3 shows a weak magnetic field testing system

together to form a specimen which has re based on Honeywell s HMC-1001. The magnetic probe in
sidual stress. To determine the influence of geo the system is a magnetic resistance  device
(MRD), whose sensitivity is 107 *T.  The
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Fig. 3 Schematic of experiment testing system
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magnetic testing system module carries out the probe driv-
ing, amplifying and filtering of the magnetic signals, A/ D
transforming and RS232 communicating functions. Those
magnetic field signals on the surface of specimen are got-
ten using the scanning of a 3 D platform. The scanning
platform is produced by aluminum alloy to avoid distur
bance to test magnetic field. The imaging of magnetic
field distribution can be presented in computer screen on
real-time. Magnetic field values can be stored in comput-
er automatically and used for following analyzing and data
processing.

2.3 Magnetic field abnormality testing

To evaluate the influence of geomagnetic field on the
formation of stress induced magnetization, two contrast
specimen series were made using the equipment shown in
Fig. 2. Specimen No. 1 was made in the magnetic field
shielding cylinder and specimen No. 2 was made under
geomagnetic field environment. And then magnetic field
abnormality testing was processed as shown in Fig. 3. The
specimen was placed horizontally and tested in magnetic
field shielding cylinder. Testing lift-off( the distance be-
tween probe and the specimen surface) was 8 mm. Test-
ing area was a square zone of 100 mm X 100 mm. The
center point of the testing area was the center of the speci-
men. Fig.4 and Fig. 5 show the magnetic field distribu-
tions of specimen No. 1 and specimen No. 2, respective
ly. The horizontal coordinates represent the distances be-
tween the measured points and the left bottom corner of
the testing area. The vertical coordinates show the ampli-
tudes of magnetic field.

To contrast the tested magnetic fields of specimens,

corresponding central line and column are plotted in Fig. 6
and Fig. 7.

3 ANALYSES

Residual stress in tight assembled specimen affects

Fig. 4 Magnetic field distribution of
specimen No. 1
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Fig. 5 Magnetic field distribution of

specimen No. 2
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Fig. 6 Contrast of central column magnetic
field distribution of specimens
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Fig. 7 Contrast of central line magnetic
field distributions of specimens

the direction of ferromagnetic material domains and thus
varies the magnetic field above the surface of specimen.
From the magnetic field distribution shown in Fig. 4, it
can be seen that the area near the center has larger ampli-
tudes of magnetic field. But the fluctuation of magnetic
field amplitudes is very less, about 3. 4% . The result in-
dicates that the area of specimen matching zone has slight-
ly larger stress. There is a slight abnormality at the right
in Fig. 5. This abnormality maybe caused by local stress
concentration. And the fluctuation of magnetic field am-
plitudes in Fig. 5 is also very low.

From the contrast curves in Fig. 6 and Fig. 7, it can
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be seen that specimens No. 1 and No. 2 have approximate-
ly equal amplitude of magnetic field. Their mean magnetic
field is about 2. 1 x 10" > T. The experimental error is
less than 1. 5% from the changes of mean magnetic field
intensity of the same specimen. The mean amplitude of
magnetic field of Fig. 4 is 0. 85% larger than that of Fig.
5. So considering experimental error, it is obvious that
stress induced magnetic field abnormality above the sur-
face of ferromagnetic materials is independent of geomag-

netic field.
4 CONCLUSION

Residual stress affects the direction of ferromagnetic
material domains and thus forms the magnetic field abnor-
mality above the surface of specimen. Contrast experi-
ments show that in the formation of stress induced magnet-
ic field abnormality above the surface of inspected ferro-
magnetic material, geomagnetic field gives little contribu-

tion.

REFERENCES

[1] Langman R. The effect of stress on the magnetization of mild
steel at moderate field strengths[ J]. IEEE Trans Magn,
1985, 21(4): 1314 ~ 1320.

[2] Schneider C S, Camnell P'Y, Watts K T. Magnetoelasticity
for large stresses[J]. IEEE Trans Magn, 1992, 28(5):
2626 ~ 2631.

[3] Sablik M J, Riley L A, Burkhardt G L, et al. Micromagnetic
model for biaxial stress effects on magnetic properties[ J]. J
Magn Magn Mater, 1994, 132: 131~ 148.

[4] Hauser H. Energetic model of ferromagnetic hysteresis 2:
magnetization calculations of ( 100) [ 001] FeSi sheets by

statistic domain behavior[ J]. J Appl Phys,

[5]

1995, 77(6): 2625 ~2633.
Sablik M J. A model for asymmetry in magnetic property be-
havior under tensile or compressive stress in steel[ J]. IEEE
Trans Magn, 1997, 33(5): 3958 = 3960.
Pearson J, Squire PT, Maylin M G, et al. Biaxial stress ef-
fects on the magnetic properties of pure iron[ J] . IEEE Trans
Magn, 2000, 36(5): 3251 ~ 3253.
Mao W H, Atherton D L. Effect of compressive stress on the
reversible and irreversible differential magnetic susceptibility
of a steel cube[ J]. J Magn Magn Mater, 2000, 214: 69 ~
77.
Makar J] M, Tanner B K. The effect of plastic deformation
and residual stress on the permeability and magnetostriction of
steels[ J]. J Magn Magn Mater, 2000, 222: 291 ~ 304.
Chen Y H, Jiles D C. The magnetomechanical effect under
torsional stress in a cobalt ferrite composite[ J]. IEEE Trans
Magn, 2001, 37(4): 3069 ~ 3072.
Hauser H. Energetic model of ferromagnetic hysteresis[ J] .
J Appl Phys, 1994, 77(5): 2584 ~2597.
ZHONG Wer chang. The demagnetization for a rotor of 23
MW gas turbine[ J] . J Testing and Evaluation, 1984, (3):
25 =27. (in Chinese)
Doubov A A. Diagnostics of metal and equipment by means
of metal magnetic memory[ A]. Proceedings of ChSNDT 7th
Conference on NDT' and International Research Symposium
[C]. China, 1999: 181 ~ 187.
Garshelis I J. Conditions for stress induced bulk moments
[J]. J Appl Phys, 1979, 50(3): 1680 ~ 1682.
HUANG Song ling, LI Luwming, WANG Larfu, et al
Stress distribution testing by metal magnetic memory method
[J]. Chinese J NDT, 2002, (5): 212 ~214. (in Chinese)
LI Lirming, HUANG Song ling, WANG Larfu, et al. Re
search on magnetic testing method of stress distribution[ J] .

Trans Nonferrous Met Soc China, 2002, 12(3): 388 ~391.
( Edited by HUANG Jimr song)



