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Table 1 Chemical composition of ER4047 aluminum alloy

(mass fraction, %)

Mg Ti Mn Si Fe Zn Al

0.01 0.01 0.01 11.52 020 0.001 Bal

1 WC BUKLHT SEM &
Fig.1 SEM image of WC particles

2 TieEBARN SEM &
Fig.2 SEM image of Ti particles

®2 WOLIIR T 2240k

Table 2 Laser deposition process parameters table

Process parameter Value range

Laser power/W 1300-2600
Wire-feeding speed/(cm-min ') 40
Wire-feeding angle/(°) 20
Laser scanning speed/(m's ') 0.004-0.007
Powder-feeding rate, Myc,ri/(g'min ') 4-5
Powder flow rate, g;/(L-min"") 5
Shielding gas flow, g»/(L-min ") 10
Beam flow, g3/(L-min ") 5-15
4047Al
Powders
Processing direction
EE———

B3 22k RO TIRUR R K

Fig.3 Schematic diagram of simultaneous laser deposition
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Table 3 Macro-molding and cross-section of single-layer under different process parameters

Heat input/

Process parameter 0 Macroforming Cross section
(J'mm )
P=1800 W,
257
v=0.007 m/s
P=2000 W,
333
vs=0.006 m/s
P=2200 W,
440
v=0.005 m/s
P=2400 W,
600
vs=0.004 m/s
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I o
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B4 HRIPURBEIN

Fig. 4 Single-layer deposition layer cross-section: (a) Cross-sectional overall morphology; (b) Area 4 amplification

BE5 HRIURBEIN

Fig. 5 Cross-sections of single-layer deposition layers: (a) P=2400 W, v=0.004 m/s, Myc+t=5 g/min; (b) P=2400 W, v,=0.005 m/s,

M, WC+Ti=4 g/ ‘min

B 6 AFERMAKNT WC 7

Fig. 6 WC distributions under different beam flows: (a) 5 L/min; (b) 10 L/min; (c) 15 L/min

&) Hth TZ S5 0 N HUE  BOGTI% P=2400 W,
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Fig. 7 Appearance molding of single-layer deposition under

optimized process parameters
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Fig. 8 Laser power of different layers of multilayer deposit
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Fig. 9 Morphologies of sedimentary layers: (a) Pieces of sample a; (b) Pieces of sample b; (c) Pieces of sample ¢
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10 ZJRUORME WC Bk A
Fig. 10 'WC particles distribution of multilayer deposit
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\'( (Bottom layer
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11 44 ZPURIE AR R
Fig. 11 3D morphology of 44 deposited layers
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Fig. 12 Variation curve of laser power of 44 layers
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Fig. 13 XRD pattern of deposition
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Fig. 14 Z-direction microstructures of

multilayer deposition: (a) Macroscopic
morphology; (b) Area 4 magnification;
(c) Area B amplification; (d) Area C

amplification; (¢) Area D amplification
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Process of WC,/Al matrix compound fabricated by
coincident wire-powder laser deposition

LI Fu-quan', LI Ming-wei', FENG Xin-you', SUN Jing?, WANG Lian-feng?

(1. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China
2. Shanghai Aerospace Equipment Manufacturer, Shanghai 200245, China)

Abstract: The well-formed monolayer and laminated WC,/Al composites were fabricated by coincident wire-powder
laser deposition. The ideal macroscopic shape of single layer deposition was obtained through parameters optimized. The
results show that the uniformity of the WC particles distribution can be improved by changing the size of the beam gas,
and reducing the laser power can reduce the detrimental effects of the heat accumulation on the multilayer deposition.
However, there is a critical value in the reduction of laser power. The metallurgical quality of the deposit is good and the
regional microstructure is uniform. The existence of WC and Ti will inhibit the growth of columnar crystals, and the grain
size can be refined. With the increase of the number of sedimentary layers, the heat accumulation effect is gradually
strengthened. The size of the dendritic will gradually increase.

Key words: laser deposition; WC,/Al composites; coincident wire-powder feeding; microstructure
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