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Table 1 Physical parameters in finite element method
Electrical permeability/

Material Relative permeability <10° O-m
BT20 1 1.85
Coil 1
Iron 2000
Air 1

R2 BT20 EMERERMESH
Table 2 Material performance and thermophysical
properties
Properties
Temperature/‘C
Thermal conductivity/

Values
373,573,673, 773

10.47,12.14, 13.4, 14.65

W {m K)*
Col(d (kg K)™* 574,641, 699, 729
Density/kg m™ 4200
Surface t:\aln(srlr(])rl(c)(_)lefflment/ _35%10%
Dynamic viscosity/m? s 1.05x10°
Solidus temperature/ ‘C 1604

Liquidus temperature/'C 1660
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(b) with EMS (°C) and after applying magnetic field
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Fig.12 Velocity vector distribution in X-Y plane: (a) no EMS
and (b) with EMS
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Fig.13 Melt pool surface topography: (a) no EMS and (b) with EMS
JIT 73, it o e R A BT s S R0 FRD IR A 20 A, T
Wh37 Ja W WL G ARAS KN, JF B kit i ah 7 17
AP SUIR SO o XA TR N i e FE A, J
b [F) ) 52 B 77 RS R 7 AR AR B R AR 2R T TR
FIIREN R A A marongoni i RIAE AT, T O [ 3R
Wi, PRI AE b R TR ORI P T 3. T A T e
Pa, ibiE B IE R A E G, REOE
HR ORI TR, A v A R PR, B DA T I 4437 %l B
J s 5 AN HI I T 35

Tt I 2 WU i PR A T 1) TR 300 b An 18] 14 BT
ZWE, ERTEMEHBKEILT, b 5 s
BRS04 2012 1 390 pum, SRS R iR 753 il 5.5%
A 7.2%; RS BRI DU T, i R T AT TR
733179 1961 F1 347 pm, & SR R 22 20 700 3.1%F1
8.7%. XTLUTT AN, TEMINBLIA NS, 4% 55 A%
RIS, FFE R A RS . e ka4 R e i
THOCKEM A R TR, AT A IR AT TN
B53, R EER LR EE T 0 1537 B TR A BT BRI

B 15 Dt s 32 i Ja SO K iR D T 2 W2

500 um

14 Kb B UIm R
Fig.14 Melt pool cross-sections morphology: (a) no EMS and
(b) with EMS

100 um

K15 BOBRIBRIHIR BA R

Fig.15 Macrostructure of g columnar grain in laser melt pool:

(a) no EMS and (b) with EMS
U . BB 15 JEMT T WAR R N AN E A KRR B
HR A AT, B BEREX W) AR B kL K B A 2R
KEA LA K . EIEIAESFE vk N2 g AH
DTV 07 [ T B dioRE, AR A 20, SR
D% L N 1D SRR A R NS - ALC I Y DS SN

4 #

1) JE AR S E AL, E L ALE AN AR B A
T, HEH 3 Hz 34K 2] 7 Hz B, HEIH RS 1
DHEBURE IR, 1 5 0 i it rELRE T AR A0, LR )
GBI N AAR ARSI KR, ThERSUES T RE,
TE i T Hpox B 70 RS IRAR )N, ELEE 7 Bl AR 1)
R K . FE BB B — AN JE Y, B R A
P P T 3 6 B A R A AR AR Ak, L AR AR FR A
Ik JE ARV SR

2) WSMTE NN AR S, RIS A BT T R,
TEERE BEN, MBIPIRAS KA B, TV A S 4 it o
O JE VIR IR o Tt I8 20 A ) T R B ARG, (L) ) 3
k.

3) it I e e W g S A T BT B R AR — e 1 AR Ak
It B BOGE b (S R A 58396 g, it —
6 E RO PR TE B 1 o AR T R 3 T 7 A 1 PR D %o s
(1N EBZHZA B AR A 1 A K R AR /N o

LG
[1] Kore S D, Date P P, Kulkarni S V. International Journal of
Impact Engineering[J], 2007, 34(8): 1327

References

[2] Afanas'eva L E, Barabonova | A. Welding International[J],
2013, 27(7): 545

[3] Kern M, Berger P et al. Welding Journal[J], 2000, 79(3): 72

[4] Gatzen M, Tang Z, Vollertsen F. Physics Procedia[J], 2011, 12:
56

[5] Zhang Xinge(Fk ¥ %), Wang Qun(E #%), Li Liqun(Z=1F#E)
et al. Materials Reviews(#4 ¥} F#)[J], 2009, 9: 39

[6] Yu Benhai(£ Z#F), Hu Xuehui(#1Z ), Wu Yu'e(R EH) et
al. Chinese Journal of Lasers( [ #%)[J], 2010, 37(10):
2672

[7] Liu Hongxi(*1it &), Ji Shengwei (£ F1%), Jiang Yehua(i# k.
#£) et al. High Power Laser and Particle Beams(38 4% 5 ki
FIR) [9], 2012, 24(12): 2901

[8] Wang Wei(£ 4E), Liu Qi(xl| #r), Yang Guang(# Jt) et al.
Applied Laser () F#%)[3], 2014, 34(5): 389

[9] Wang Wei(£ 4E), Liu Qi(xl #r), Yang Guang(# Jt) et al.
Chinese Journal of Lasers( [ #%)[J], 2015, 42(2): 48



+ 1810 -

WA ERMES TR

i 45 %

[10] Zhang Sanhui(3k = ). University Physics(CK2:4HL2E5% 3
e RE2E 5 2 BR)[M]. Beijing: Tsinghua University Press,
1999: 1

[11] She Shouxian(£x ¥ %), Zhang Sijiong(7k S 4i). College
Physics(Kk 2~ 43)[J],1998, 18(8): 1

[12] Xie Longhan(if J£7X). ANSYS Electromagnetic Field Analysis
(ANSYS Hi 1 3% 4> #71)[M]. Beijing: Electronics Industry
Press, 2012: 1

[13] Zhang Ping(3k -F), Ma Lin(Z #k), Zhao Junjun(#$ % %) et

32(5): 330

[15] Chen Xingrun([% %), Zhang Zhifeng(ik &%), Xu Jun(f%:
32). The Chinese Journal of Nonferrous Metals (" E 5 t& 4
J& 23%)[J], 2010, 20(5): 937

[16] Zhang Qi(7k ), Jin Junze(4: 1R &), Wang Tongmin( T [7] &)
et al. The Chinese Journal of Nonferrous Metals(# &G . 4
J& 24R%)[J], 2007, 17(1): 98

[17] Zou Wuzhuang(ZR#.2%%). Titanium Handbook(%k F #t)[M].
Beijing: Chemical Industry Press, 2012

al. China Surface Engineering( [E 3 1 1. #2)[J], 2006,
19(S1): 161

[14] Huang Yanlu(¥ ZE4%), Zou Dening(ZR7#*). Rare Metal
Materials and Engineering(%if5 4 )& 5+ % T#2)[J], 2003,

Influence of a Rotating Magnetic Field on Laser Melting Titanium Alloy Melt Pool

Yang Guang, Xue Xiong, Qin Lanyun, Wang Wei
(Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract: The central magnetic field intensity of electromagnetic stirring equipment and the melt pool’s electromagnetic force were
simulated, and the influence of the rotating magnetic field on melt pool electromagnetic force, the flow field and temperature distribution
of the melt pool was analyzed by a finite element method. The results show that the electromagnetic force in melt pool decreases slowly at
first when increasing the current frequency, and the power loss increases rapidly at the same time. As the frequency continues to rise, the
electromagnetic force increases gradually, and the power loss becomes stable. And the magnetic field strength of the electromagnetic stirrer
changes periodically in one exciting current cycle. Under the condition of rotating magnetic field, the temperature and the temperature
gradient of the melt pool decrease, and circulation along circumferential direction in the melt pool forms whose velocity distribution is
uniform.
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