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Regulation Research on Microstructure of Laser Cladding
under Electric-Magnetic Synergistic Effect
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Abstract During the laser cladding process, the traditional methods of microstructure adjustment are to change the

laser processing parameters, such as laser power, scanning speed and the size of laser beam. However, these

methods only change the boundary of heat transfer of laser cladding layer, the regulation effect is limited. In order to

Key words

achieve the directional control of heat and mass transfer behavior in laser cladding layer and regulate the shape. the
In this research, the higher influence degree of electric-magnetic synergistic effect is verified numerically and
OCIS codes

size and the direction of the solidification microstructure effectively, one method using the synergistic effect of

1

electric-magnetic field is proposed. This method can induce the Lorenz force, whose direction, magnitude and
frequency are controllable. As a means of volume force, the controllable Lorenz force can drive or drag the
convection of the molten pool, which affects the solidification process and realizes the adjustment of microstructure.

not only applied in laser cladding process, but also used in laser remelting, laser alloying and laser welding process.
160.3900; 350.3390; 350.3850

experimentally. The application of this method can improve the fatigue life of the high temperature resistance of
=i

turbine parts and decrease the internal defects in the solidification microstructure. Meanwhile, this method can be

laser technique; molten pool; electric-magnetic synergistic; steady magnetic field; regulation
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Fig. 1 Experimental setup under electric-magnetic synergistic effect.

(a) Schematic diagram of the experiment; (b) experimental setup
WFSE R A A PR B Q345 16 45 4 A0 3E KR 4 200 mom X 10 mem X 20 mom . B BLBRHH Ni25 4 4.
WOE ARy 1. 2~1. 6 kW, & B ARy 10 g/min, S HE N 4~ 10 mm/s, i FE A #0758 E 0. 2~
0.4 T,HHWZEE N5 A/mm*,

s103005-2



3 FLBLR K 4521
3.1 hERENET
TE WG B R v 8K AT o AR SOW 5 978 b R AR 8 TR 11803 B2 A o L Yt PR 0 694 3AE A T 3 £
FRODR 28 X LA 552 30 A3 5 AT WL AR 23 BT e i1 e 7 94 W DX S P S BEE I T AN S RIRE A SRR . AT
3 T - 5 0 s b A R T A P R (B D7 A I 3 48 s e T TR A TRAT D B AR R R A
A8 25 71 AR E B R T 20 19 22 553090 o
F, = j X B, (D
J=c(E+uXB), (2)
X Fo MR 2571 . RS R B R R i o TR E 50 R . w D I A R G
T 5 410 57 Tl B OC IR B 2T 5 i COZUF(2) 30T R0 b b 7 A= 19 98 48 2% 7 S o J68 1 3 20 7 A= 1 J%
IO FEL IR AE SMEE S/ T T BRY o T S S A 4 56 R ) FIR AR el SO R R TS 9 A 25 T R XD
TETCHMITEL S 1) 25 AF T (E=0) W5 3575 0] A2 Gif 2515 WA 22 1 19 77 18] 55 06 1t 04 0 3 7 1) A0 1z I
T 1R U 31 32 B BT o 000 325 A 1 e 00 3L 1 0 1) 4
TE A R S VE Al B 5L T AMIn 3% E LR -1 52 5 3 B B T A 7 A= 19 8 A& 2% 1 % 945 3t
WAREATSRA T FER . BT E RS o« E TR0 A 2 BRI Sy v 30 86 B2 L DRI AT LA 5 00 44 i A A
[F) 7 1) (4 L O » ARAR AN [ 7 ) A9 3% AR 28 ) R B RR 285 030 o NG Fo AR 9Bt i =2 BN R R D 2 5 0%
WA SR T AT R 2% BB b Hh I g AR S A AR S D AR R S A PR T 9%
1e%% Sy FATE 300 Darcy B, O 1 ABUREL T8 25 3R 00 ] S8 AT 3302003 A AR 9 A ORE 55 A0 SR 3R BT 1Y
X A AR Ll FEE A O 1) 2 T 5K g 2R LA R i R R 5% 1 A R 5 AR RO (17 OB R o AT 1R R B E 5 T
PO B IR by I B I B R AR T TR A0 L% e S A A5 DR 3R U AN A )y LA A o (B
o O TR T 2 B U A R SO B R S s 2 AR U5 R B e oy O
R R 29 85 5 B CMOSOL Multiphysies 4. 4 XFi%id B £ 475K A .
3.2 HE&R
Pl 2 Ay T B Al 3 R0 - S5 A VR TR OGP B0 1t 1) i 3% 43 A 181 P O N A2 A Al s 6
LEHEN MM DX I,y AT DL 7 Bl S VR T LU PET 2 () ] a3t pA) 08 7 3 0 8 A 0 o o s R/t A
PRI o X2 DR R AE G A T S 3 (4 3 30 0 1 5 el JEORE L I A R AR 28 0 D7 1) R R ORIt Y i
g2 BN . e LR RE A A SRR L AR DO A RS ZS W g E el (D 302D S0RT 0 H -
EEIE RS 2E 7 o ERR ] o B 2(o Mg 2L E AR ) B RS A I AR A . e
Js it DX Il S R PR S A Tt N e O DX AT TR i R R HR R TR A P AR . B 2(d) M iK%
TIAEAG I T I b 3 32 09 23 AIR S o SIS o A it DX Il e DR A G 0 I O e i S YR ) U
A B A o A et T BRI A . R LA SR UG WY R - S5 2 R O P B0 b B A A5 BE ) B R T A Al
a7k AT

LOERER S e
4.1 b-EE SRR AR EEZIEG YA

FIR B -BEE A &R RS AR b 7= 28 1 B T 00 ) L g 2% 1. B Fazig e 22 1 iR
73 T E A2 AR AR Ty AP 7 [ AR S I T IA R I b Ak TR EOIRAS . B 3 AR RE R 0.3 T HL i
R S A/mm® R GS AT OB EZ @ B A a5 R . PrilaUa B2 KLY 40 mm, 5 M 26
NI R GHER X, BLES IRRESRY., B ELH-UEGUERX BEZREAN
300 pem, 1 FE HL-RE 2 A S A F X 05 8 2 08 B B 0 T RRUE AR 500 pm AT VIE B R R E LT T4 40%,
(] B 7 - 52 6 SV P DX 8 0 22 1000 9 B8 i /I o 8 0 J2 T S B R B B i B 1 Ja 3. TR Rk e 26 )
HEN MR EFHERT b T8 5 31 /E 51848 2% I3 080 5t b i ) i AE TRl i), ik — 2P &
HE R TR AR 1 B 7 2E AT S v B PR A A e v Ty ot R . AT A0 L H - A B 3 A e i o R it

$103005-3



- S
7 15 1) T B9 48 25 T I e b R Ak BRI 18 e P AR

- w
4222x1073
x 107

5 ' T 4000 75—
70f @ 70 ®

-
x 1074 x 10
650 © 20 g5 @ i
18 10
6.0 6 690
5.5 14 55 4 8
12 5.0
6
éo 45
4
6 40
4 35 9
2 30
10 11 12 13 14 15 16 Y1.18x 107 11 12 13 14 15 16 ¥2.96x 107!

2 ARG TR OB BRI /31 . () TCH G s (b) B8l il 37 5
(OB G GERZE T T LD s (DH-#E G5 QB % ) T
Fig. 2 Fluid velocity distributions of laser cladding molten pool under different conditions.
(a) No electric-magnetic field; (b) only magnetic field; (c¢) electric-magnetic field (Lorenz force up);
(d) electric-magnetic field (Lorenz force down)
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Fig. 3 Coloring height scanning result of the cladding surface
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Fig. 4 Microstructuresof the laser cladding layer when the Lorenz force is perpendicular to the substrate surface.

(a) Electric-magnetic synergistic effect; (b) only magnetic field; (¢) no electric-magnetic field
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Fig. 5 Near surface microstructure of the laser cladding layer when the Lorenz force is perpendicular

to the longitudinal section of the specimen
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Fig. 6 Near surface microstructures of the laser cladding layer paralleling to the substrate surface.

(a) With electric-magnetic synergistic effect; (b) without electric-magnetic synergistic effect
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