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Effect of Low-frequency Magnetic Field on the Microstructure and Mechanical Property of

Submerged —arc Deposited Metal on Roll

CHANG Yun-long', MEI Qiang' ., ZHANG Wei’, XIA Yun-cai’, XIE Tian-nan'
(1. School of Material Science and Engineering, Shenyang University of Technology, Shenyang 110870; 2. Hardface
Technology Institute, DHI DCW Group Co. ,Ltd. , Dalian, Liaoning 116052)

Abstract: In order to improve the mechanical properties of the overlaying welding layer deposited metal, the additional
low—{requency impulsion longitudinal magnetic field was applied during the submerged arc overlaying welding on roll. The
effect of low - frequency magnetic on metal microstructure and mechanical property of the deposited metal on roll was
studied through analysing overlaying welding layer hardness and microstructure. The electro—magnetic stirring effect of
the low—frequency impulsion longitudinal magnetic field can affect the crystal nucleation and growth process. The crystal
grain is refined. The overlaying welding layer hardness is improved. Through analysing the different of parameters,
hardness and microstructure of overlaying welding layer samples, the mechanism how the metal microstructure shape and
hardness are improved and the crystal grain is refined by additional low —frequency longitudinal magnetic field has been
discussed. The results indicated that microstructure of weld is refined clearly, crystal grain size is reduced to 30.1 pm,
and compared to without magnetic field hardness increased 4. 5 HRC when peak magnetic field current is 300 A, back-
ground magnetic field current is 200 A and magnetic field frequency is 5 Hz. Molten pool is stirring by the additional low
—frequency longitudinal magnetic field, the solidification process is charged, the crystal grain is refined and overlaying
welding layer is improved.

Key words: longitudinal magnetic field; overlaying welding; crystal grain refinement
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Fig. 1 The sketch map of the magnetic control welding device
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Fig. 2 Current waveform of the exchange pulse square wave
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Fig. 3 The sketch map of metal crystallization "
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Table 1 Chemical composition of the welding wire (w/% )

TTE C Mn Si Cr
o 0.20~  2.00~  0.20~  3.00~
Jo3 i 43 4K
0.50 4,00 0. 80 5.00
JLHE Mo Ni HAtly
TS E 2.00~3.50 3.00~5.00 NE

R2EBMUERS (RESE/ %)

Table 2 Chemical composition of the base metal (w/% )

TLE C Mn Si Cr
e 0.40~  0.35~  0.40~  4.50~
JoT 3 41 4
0.58 0.70 0.70 5.50
JLE Mo Ni A% HAth

R E 0.45~0.600.40~0.500.10~0.20 £
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Table 3 Parameters of the welding procedure

S8 B fE
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1 ) 5 2 / Hz, 1~50
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Table 4 Parameters of the magnetic field
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T, ("F)=1020-630w(C) = 72w (Mn) - 63w
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5 I,/A I,/A f/Hz D/%
15 240 160 5 50
25 240 160 8 50
35 270 160 5 50
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55 300 160 5 50
65 300 160 8 50
75 300 200 5 50
8 5 300 200 8 50
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Fig. 4 Metallurgical structure on the bead weld surface
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Fig. 5 X-ray diffraction spectrum of bead weld metal
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Fig. 6 Hardness change with the magnetic current
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Table 5 Measured value of grain size for deposited metal(pm)

A i B R - 3 (E
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25 31.7
35 34.4
4% 35.4
55 36.5
6 5 32.5
75 30. 1
8 & 30. 8
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