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System construction and experiment for SLM of gradient materials
based on real-time powder mixing methods

WU Weihui' , MA Gengxiong', WANG Di*, MA Xuyuan', LIU Linging’
(1. School of Intelligent Engineering, Shaoguan University, Shaoguan 512005, China; 2. School of Mechanical & Automotive En-
gineering, South China University of Technology, Guangzhou 510640, China)

Abstract: In order to obtain the gradient material composition of parts easily in the part forming process, a selective laser
melting additive manufacturing system for gradient materials was developed by using the real-time powder mixing method which
integrates multiple powder mixing actions such as impact mixing after synchronous discharge powders, converging mixing through
a conical cavity, and air flow mixing. With this system, the experimental verification of gradient material forming was carried
out, and the forming effect was analyzed combined with the sample photos, microscopic images, and energy spectrometer
detection. The result shows that the gradient materials can be freely added in the horizontal and vertical directions to produce
gradient material parts with complex shape and structure in the system. The micro areas composition analysis of the gradient
material zones of the gradient material part shows that the dispersion degree of the average mass content of elements in each micro
zone is small. The variability coefficient of the main elements in each micro zone is not more than 0. 59 when the average powder
mixing time of each layer is 10s ~ 15s during selective laser melting process, achieving good mixing uniformity. This research
provides a new way for free manufacturing of gradient material parts.
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Fig. 1 System structure and workflow

a—system structure diagram b— forming flow chart of gradient material parts
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Fig.2 Photo of the gradient material SLM molding system with a device of

real-time mixing powders in various ways
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Fig.3 Two verification parts of gradient material ( main molding parame-

ters; laser power of 170W; powder cleaning times of 5 times; scan-
ning distance of 0. 08mm; layer thickness of 30pum;scanning speed
of 250mm/s ~450mm/s)

a—gradient material part of steel copper nozzle b— gradient mate-

rial part of steel copper flange
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Fig.4 3-D model and sample photo of a gradient material part
a—3-D mode b—sample photo
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Table 1 ~ SLM experimental process parameters for producing the gradient

material part

forming parameter seting value

140W

laser power

L 10s( for single layer) or
air mixing time .
15n s(for continuous n layers)

gas flow 10L/min
times of powder cleaning 7

layer thickness 30m
laser scanning space 0. 08mm
scanning speed in 4340 material region 650mm/'s
scanning speed of gradient 1 region 550mm/'s
scanning speed of gradient 2 region 450mm/'s
scanning speed in CuSn, bronze material region 400mm/'s
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Table 2 Average mass fraction of main elements in selected micro zones in horizontal gradient region 1 of the Fig. 5
element content element content element content element content -
. . . . average value variability
element of microzone 1 of microzone 2 of microzone 3 of microzone 4 X .
. . . . ('mass fraction w) coefficient
(‘mass fraction w) ('mass fraction w) (‘mass fraction w) ('mass fraction w)
Fe 0.5014 0.5073 0. 4802 0.5304 0. 5048 0.04
Cu 0. 4540 0. 4446 0.4721 0.4253 0. 4490 0.04
Sn 0. 0299 0.0309 0.0310 0.0277 0. 0299 0.04
Ni 0. 0097 0.0103 0. 0097 0.0108 0.0101 0.05
Si 0. 0050 0. 0069 0. 0070 0. 0058 0. 0062 0.13
Table 3 Average massfraction of main elements in selected micro zones in vertical gradient region 1 of the Fig. 5
element content element content element content element content N
. . . . average value variability
element of microzone 1 of microzone 2 of microzone 3 of microzone 4 . ..
. . . . (‘mass fraction w) coefficient
('mass fraction w) ('mass fraction w) ('mass fraction w) ('mass fraction w)
Fe 0. 6347 0.6102 0. 5945 0.6100 0.6123 0.02
Cu 0.3151 0.3276 0. 3469 0.3349 0.3311 0.03
Sn 0.0387 0.0417 0. 0409 0.0390 0. 0401 0.03
Ni 0.0116 0.0150 0.0119 0.0116 0.0125 0.11
Si 0 0. 0055 0. 0059 0. 0045 0. 0040 0.59
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