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Fig.1 Schematic of laser deposition repair auxiliary magnetic
fields
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Table 1 Processing parameters of the electromagnetic

stirring
Magnetic field intensity/ ~ Magnetic stirring speed/rad st
mT I I m N V
30 — 120 180 240 300
45 — 120 180 240 300
50 — 120 180 240 300

80 60 120 180 240 300
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Fig.2 Surface of repair parts under 50 mT and different magnetic
stirring speeds: (a) without electromagnetic stirring,
(b) 120 rad/s, (c)180 rad/s, (d) 240 rad/s, and (e) 300 rad/s
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Fig.3 Surface of repair parts under 240 rad/s and different magnetic

field intensities: (a) without electromagnetic field, (b) 30 mT, (c)

50 mT, and (d) 80 mT

Wi s g FEE R . BEEEE 20 mm X 20
mm. MEIHRRTLE H RINEE S & S 4R 3R THE (8] 5
SR, RENE (K 2a, K 3a), FEESMIES T
TN 2 AR I 0 B B s, B E R IE T
RS, WSO, JE A SRR, KRR R kL
Wb, WOLTTRME B AR T &= g &

B 4 Sy A it i L R 5 P RE in R 3 5 v 80 mT
JiE e K 22 0y 120 rad/s 158 ¥ 3 A8 Z AR 2 TR S0
ARt 0 LR B R S E AR B SR E X 456 R4
(B 4a), Tt AT HE S, R A A It P9 A 5 0T A
Jil, QN it SRR FE R R, A I I RS T T
Boith, SEBLEE M RS S X A YR AT

PR 4 A AL TR RE -



© 196« A S EMRS TR

44 3%

1 R
p S S
SN

: A0
| Repaired zone

Transition zone
5 »
Repaired zone

Bl 4 thn e B B S 18 B A RS
Fig.4 Macro morphologies of repair parts: (a) without electromagnetic
stirring and (b) 80 mT/120 rad s™
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Fig.5 Microstructures of laser deposition repair under 50 mT
and different magnetic stirring speeds: (a) without
electromagnetic stirring, (b) 120 rad/s, (c) 180 rad/s,
(d) 240 rad/s, and (e) 300 rad/s

Kl ed i)z a HAW LR, o FEKEN 3.1~4.8
um, a Fr/2EEEN 0.4~0.5 um. Bl W50 115
$ewm, o R BEEEARAAK, $H4E 0.4~0.5 pm JEFHE A,
o HIZKEARN, Bk a FEKAEHEAN . XEEN
P HE R [H 52 N 240 rad/s B, Bl E B3 90 R
WAEEZEINE, I 745 N R A e, IR
TEE A T 3550, (ATt o 0 7= A= (1 FRL 1 70 B 3
ISRIEN, ol R E S BEHUIRITI, &RLHES %,
o BN, HE T 5. Fein e
BN, WiIHREH 50 mT #58%) 80 mT, o F)2
BEEIJVFALE, FBEKERN 8%, AW
JUH B A . B, AR iR 5 W35 I W 3
FEBR S, AR R
2.3 HBERHENMEEHEHEENEI

B 7 BT & g3 38 B O 50 mT AN [ PRl R R AS
I DX S5k f S ot P A AR A it 26 . B 8 PR 2 W3 i b
T 240 rad/s A [F 37 98 FE T A [ DX 3 1) 2 A h i
A 2% . FEM MM SO RS, P E
T HV, 35 %) 3.25 GPa. A IN$iEHEr1E = 4F 1t
WX, M5 BE XA RHXCEALEER HEHAS,
AR FEAE A BB . FlN PR AR B B IXA R UG
BRI FEAS [FI R O R, AR o AR
A, SRR FEAE B s BE A R B A L 0 R

z2 ARHEZHFRETEEXHUNAL T o« FEHLASH
Table 2 Parameters of the a lamellar under different

magnetic stirring speeds
Electromagnetic stirring speed /rad 5™

o lamellar size
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0 120 180 240 300
Length/um  6.2~9.8 4.1~6.8 3.6~5.8 3.4~4.8 2.9~4.6
Thickness/um About 0.5 0.4~0.5 0.4~0.5 0.4~0.5 0.4~0.5
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Fig.6 Microstructures of laser deposition repair under 240 rad/s and

different magnetic field intensities: (a) without electromag-
netic field, (b) 30 mT, (c) 50 mT, and (d) 80 mT
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Fig.7 Micro-hardness distribution of different zones under

50 mT and different magnetic stirring speeds
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Fig.8 Micro-hardness distribution of different zones under 240

rad/s and different magnetic field intensities
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Effect of Electromagnetic Stirring on Microstructure and Hardness of BT20 Titanium
Alloy Laser Deposition Repair Parts

Wang Wei, Liu Qi, Yang Guang, Qin Lanyun, Ren Yuhang, Qi Peng
(Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)

Abstract: In order to improve the laser deposition repair quality of BT20 titanium alloy, an electromagnetic stirring device was
introduced to assist laser deposition repair, and the effects of rotating magnetic field on the macromorphologies, microstructures and
micro-hardness of the laser repair layer were studied by changing the magnetic field intensity and magnetic stirring speed. The
results show that under the effect of the electromagnetic field, the surface is flat. Meanwhile, the lamellar a/f in laser repaired zone is
mechanically broken, the length of intra-crystalline « layers is reduced, but the thickness of a lamellar is almost the same, 0.4~0.5 pm, so
the grains are refined and the microhardness increases. As the field intensity and the stirring speed increase, the micro-hardness of repaired
parts also increases, while the micro-hardness of the repaired zone tends to be homogenization with certain parameters.

Key words: titanium alloy; electromagnetic stirring; laser deposition repair; microstructure; micro-hardness
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