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Abstract The powder spreading process is one of the key processes in the powder-bed-based additive manufacturing
(AM) technology. The roller-spreading parameters include the powder spreading layer thickness H, roller’s diameter D,
roller’s rotational speed w and translational velocity ¥, which have a major impact on the powder spreadability in AM

processes. In this paper, the nylon powder was taken as the research object, and the discrete element method (DEM) was
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deployed to simulate the nylon powder spreading process by a roller. The three powder spreadability indicators including
the deposition fraction, percent coverage and deposition rate were established. The central composite design (CCD)
model was used to generate 30 groups of simulation cases. The regression models of three powder spreadability
indicators were fitted by the response surface method (RSM). The analysis of variance was used to prove the accuracy
and predicting effectiveness of regression models. In addition, the effect of process parameters on powder spreadability
indicators was analyzed in detail. The results showed that the powder spreading layer thickness H was a leading
influencing factor. The roller’s translational velocity ¥ was a less important influencing factor. The roller’s diameter D
and rotational speed w had a slight influence on powder spreadability indicators. Both the A and D with V were
determined as the main interactive factors on powder spreadability indicators. The three powder spreadability indicators
were taken as the optimization goal, and the multi-objective optimization of roller-spreading parameters was carried out
by the expectation method. The predicted optimal combination of powder spreading parameters and powder spreadability
indicators were obtained. Moreover, the optimal results were verified through the experiments. The results showed that

the predicted results of powder spreadability indicators were in good agreement with experimental results. The research

results in this paper can provide guidance for the optimization of roller-spreading parameters in AM.
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Fig. 1 Particle size distribution of nylon powders
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Fig.2 Micro topography of nylon powders
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Table I DEM parameters in simulation
Parameter Value
powder density/(kg-m™) 1000
powder Young’s modulus/MPa 61
powder Poisson’s ratio 0.35
static friction coefficient of powder-powder 0.45
rolling friction coefficient of powder-powder 0.01
restitution coefficient of powder-powder 0.80
surface energy density of powder-powder/(mJ-m2) 0.1
wall density/(kg-m™>) 7800
wall Young’s modulus/GPa 80
wall Poisson’s ratio 0.30
static friction coefficient of powder-wall 0.20
rolling friction coefficient of powder-wall 0.01
restitution coefficient of powder-wall 0.80
surface energy density of powder-wall/(mJ-m™2) 0.17
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Fig. 3 DEM simulation of roller-spreading processes
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Table 2 Response surface analysis factors and levels

Level of process parameters

Factor
- -1 0 1 +a
H/pm 100 125 150 175 200
D/mm 10 15 20 25 30
/(rmin") 50 100 150 200 250
V/(mm-s™") 40 80 120 160 200
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Table 3 CCD design table and simulation results

Input factor Response
Run
H/pum D/mm /(r-min”") V/(mm-s™") ) Cl% d,/(mg-mm™)
1 175 25 200 80 0.426 6 96.20 0.2239
2 175 15 100 160 0.3818 93.66 0.200 4
3 125 25 100 160 0.3105 71.57 0.116 4
4 150 10 150 120 0.3710 88.52 0.166 9
5 150 20 150 120 0.3857 89.17 0.173 6
6 175 25 100 160 0.402 5 94.80 02113
7 150 20 150 120 0.3862 89.58 0.173 8
8 150 20 150 200 0.299 8 78.83 0.1349
9 175 25 200 160 0.390 2 93.97 0.204 8
10 150 20 150 120 0.3842 89.69 0.1729
11 125 25 200 80 0.350 8 77.69 0.1316
12 175 25 100 80 0.443 1 96.69 0.232 6
13 125 15 200 80 0.3530 78.05 0.1324
14 150 20 50 120 0.408 7 91.83 0.1839
15 125 15 100 160 0.2822 67.09 0.1058
16 175 15 200 160 0.3719 92.75 0.1952
17 150 20 150 120 0.390 0 89.96 0.1755
18 150 20 250 120 0.372'1 88.23 0.167 4
19 150 30 150 120 0.392 1 90.34 0.176 4
20 125 15 100 80 0.364 3 79.99 0.136 6
21 175 15 200 80 0.4224 96.05 0.221 8
22 200 20 150 120 0.440 6 98.29 0.264 3
23 150 20 150 120 0.383 4 89.66 0.172'5
24 150 20 150 120 0.3854 89.67 0.173 4
25 125 25 200 160 0.288 2 67.44 0.108 1
26 100 20 150 120 0.269 8 62.91 0.0810
27 175 15 100 80 0.4300 96.46 0.2279
28 125 15 200 160 0.263 0 61.95 0.098 6
29 125 25 100 80 0.3789 81.41 0.142 1
30 150 20 150 40 0.407 0 91.70 0.183 1
a7 C =0.896 2 +0.102 6H —0.010 3w — 0.035 4V+
0.024 3HV —0.026 3H* - 0.014 6V> (13)

¢ =0.3858+0.042 6H +0.006 7D + 0.008 5cw—
dm =0.173 640.046 4H+0.003 0D-0.003 7w —-0.012 7V +

0.029 1V +0.007 7HV +0.004 2DV — ; 2
) ) ) 0.001 2HV +0.001 8DV — 0.000 8D* —0.003 9V
0.008 3H%—0.001 7D? - 0.008 7V (12) (14)
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Table 4 Variance analysis of regression models

Indicator Mean square F-value P-value Predicted R?
[ 0.0051 320.56 <0.0001 0.9824
C 0.0229 59.79 <0.0001 0.8990
dy, 0.0040 1536.29 <0.000 1 0.9964
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Fig. 7 Interaction effect of H—V on powder spreadability indicators
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Table 5 Optimal results for powder spreadability
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