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A Study on the Stress Relief by Pulse Magnetic Treatment
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Abstract Residual stress relief by pulse magnetic treatment is attractive because the process is carried out at
room temperature and magnetic fields that are easy to produce and control can be used. This study shows that
strong pulse magnetic treatment can lead to stress relaxation of structural steels instead of a conventional heat
treatment process. And it makes a comparative study about pulse magnetic treatment and tempering by using
Larson-Miller equation. When the specimen was subjected to a pulse magnetic treatment process the residual
stress in the specimen was reduced by about 13.8%. It could be compared with tempering at 200°C for 2hours by
using thermal effect of Larson-Miller equation. As a result, it is considered that the pulsed magnetic treatment
have an effect of the stress relation by tempering at 200°C for 2 hours.
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Fig. 1. The schematic penetration of flat electromagnetic
wave into metal [8].
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Table 1. The depth of radiation penetration in copper as

frequency of magnetic field[8]
Frequency, Hz | Depth of penetration in copper, mm
10 0.007
10° 0.67
10° 0.21
10* 0.67
2 x 10° 15
0.5 x 10 95
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Fig. 2. Schematic diagram of device of pulse magnetic
field.
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Fig. 3. Set-up for pulse magnetic treatment.
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Fig. 4. Relationship between time and temperature in
the relief of residual stresses in steel [9].
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Table 2. Tested specimens on various conditions
Materials Dimensions (mm) Manufacturing process
S20C 20x105x 3.4 30% compressed
SKD61 20 x 105 x 3.4 1025°C/1 h - water quenching, 600°C/2 h - tempering
17-4PH 20 x105x 3.4 -
S50C 20 x 105 x 3.4 740°C/8 h, 700°C/8 h, spherodizing, forging
S40C @15 x 100 Tempering-12 conditions (100, 200, 300°C/1, 2, 4, 8 h)
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Fig. 5. Residual stress behaviors of the 30% compressed
S20C steel by PMT precess.
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Fig. 6. Relationship between residual stress and number
of pulses of PMT on the various steels.
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Table 3. Residual stress behaviors of S40C after and before PMT

Residual stress (MPa)
Temp. °C) | Time (hour) Before After Reduction Thermal effect
treatment treatment of stress (%)

100 1 -339.2 -338.9 0.1 7.4
100 2 —-349.6 -346.4 0.9 7.5
100 4 -340.7 -336.4 1.3 7.6
100 8 -349.5 -344.3 15 7.7
200 1 -334.6 -300.6 10.2 94
200 2 -355.3 -310.5 12.6 9.5
200 4 -335.8 -291.2 13.3 9.7
200 8 -354.2 —293.6 17.1 9.8
300 1 -357.3 -260.1 27.2 114
300 2 ~344.5 -243.4 29.3 11.6
300 4 -348.6 —238.5 31.6 11.7
300 8 -373.7 -247.3 338 11.9

PMT -3745 -322.8 13.8 9.6

58 = loading, Forging and Stamping, 26(7) (2003) 35-40.

PMTE o|&3 37 88 93} A7l uigk 28
< ofFfje} 2t}

1. S20C= PMTZ Ul 10~15% A%9] -g8o)
A48190H, PMT] 34t 2% 48 Aso =
A S FA G Aoz Yehit) wehi 1~2
3¢ PMTEE 27 39 93} a3} Q= Aoz
kg,

2. Ot 2102 7 728 A% PMT7}
25 389 gl a9} e AoE vyt

3. S40CE PMT ¥ 7]& gAg] 339 d9g

e 8 &3 T vlwslE ofF 14% A=
45190, thermal-effect Zhe ek
9.6 200°CellA 2417 19 g wjo} ze
38 431 At UL FIEt. Wk PMT
B o835t I 9 93l 3L v1Eo Y o
3 @A FEE UA & ¢ Je o) v}
L RAFEoh

o 2
fo
o

Ik

rat

=

1. N. V. Kurlayer Reduction of structural
heterogeneities of materials of details at shock

2. G. Zdor, A. Anisovich and A. Yaskovich : Application
of pulse magnetic field for increase of mechanical
properties of alloys of nonferrous metals, Problem
of mechanical engineering and reliability of
machines (2004) 65-69.

3. Y. Fahmy, T. Hare, R. Tooke and H. Conrad : Effects
of a pulsed magnetic treatment on the fatigue and
low carbon steel, Scripta Mater, 38(9) (1998) 1355-
1358.

4. O. Bataineh, B. Klamecki and B. G. Koepke : Effect
of pulsed magnetic treatment on the drill wear, J.
Materials Processing Technology, 134 (2003) 190-
196.

5. X. J. Luo : Research on residual stress relieving in
welded structure with magnetic field, M.Sc.
Dissertation, Tsing Hua University, Beijing (1995).

6. F Tang, A. L. Lu, J. E Mei, H. Z. Fang and X. J. Luo :
Research on residual stress reduction by a low
frequency alternating magnetic field, J. Materials
Processing Technology, 74 (1998) 255-258.

7. E. Barney and Klamecki : Residual stress reduction
by pulsed magnetic treatment, J. Materials
Processing Technology, 141 (2003) 385-394.

8. E. I. Marukovich : Pulsed magnetic application for
novel non-ferrous metals, Technical report of ITM
at Belarus (2008) 13-15.

9. Heat treatment, ASM Metals handbook, 4 (1991)
81-84.

10. G. Tang, Z. Xu, M. Tang, X. Chen, H. Zhou and A.
Lu : Effect of a pulsed magnetic treatment on the



11.

12.

13.

14.

25 APE o188 AF 49 93 @7

dislocation substructure of a commercial high
strength steel, Materials Science and Engineering
A, 398 (2005) 108-112.

M. L. Molotskii, R. E. Kris and V. Fleurov : Phys.
Rev,, B51 (1995) 2531.

M. 1. Molotskii and V. Fleurov : Phys. Rev., B52
(1995) 15829.

C. Zhipeng, Z. Haiyan, L. Jian and L. Anli : Plastic
deformation caused by pulsed magnetic treatment
of mid-carbon steel, Materials Science and
Engineering A, 458 (2007) 262-267.

A.L.Lu, E Tang, X. J. Luo, J. E Mei and H. Z. Fang :

15.

16.

155

Research on residual - stress reduction by strong
pulsed magnetic treatment, J. Materials Processing
Technology, 74 (1998) 259-262.

A. F sprecher, S. L. mannant and H. conrad : On the
mechanisms for the electroplastic effect in metals,
Acta metal, 34(7) (1986) 1145-1162.

S. Wu, A. Lu, H. Zhao, H. Fang and F Tang :
Micromechanism of residual stress reduction by low
frequency alternating magnetic field treatment,
Materials Science and Engineering A, 328 (2002)
133-136.



