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Fig.1 Geometric model and mesh generation
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Fig.2 Mesh independence and model validation
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Table 1 Three-factor and dour-level variable setting
Levels
Factors
1 2 3 4
38, 0.60 0.80 1.00 1.20
H,/ mm 0.90 1.20 1.50 1.80
T/°C 25.0 55.0 60.0 65.0
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Table 2 Formula of solid propellant

) mass
component size .
fraction
HTPB / 7%—=10%
Al 29+3 pm 15%-18%
AF’/SiO2 330-340/130-140/5-10 pm 65%—-68%
UV-cured adhesive / 3%-5%
Functional additives / 4%
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Table 3 Results of orthogonal tests

No. 5 H, T A w H P, p

! /mm /°C /mm?> /mm /mm /% ¢
1 0.60 0.90 25.0 1.46 2.53  0.95 39.3 2.66
2 0.80 0.90 55.0 2.10 3.28 098 349 3.35
3 1.00 0.90 60.0 2.92 3.99 1.02 284 391
4 1.20 0.90 65.0 3.63 4.62 1.07 26.6 4.32
5 0.60 1.20 55.0 1.33 2.30 097 40.7 2.37
6 0.80 1.20 25.0 1.89 298 1.05 39.7 2.84
7 1.00 1.20 65.0 2.76 3.60 1.08 29.0 3.33
8 1.20 1.20 60.0 3.30 4.24  1.11 29.7 3.82
9 0.60 1.50 60.0 1.37 2.20 1.02 38.8 2.16
10 0.80 1.50 65.0 1.93 2.79 1.10 36.9 2.54
11 1.00 1.50 25.0 2.43 3.36 1.18 38.5 2.85
12 1.20 1.50 55.0 3.10 3.95 1.22 35.7  3.24
13 0.60 1.80 65.0 1.39 2.21 1.05 39.8 2.10
14 0.80 1.80 60.0 1.89 2.79 1.10 38.0 2.54
15 1.00 1.80 55.0 2.50 3.32 1.16 354 2.86
16 1.20 1.80 25.0 3.10 3.82  1.22 33.4 3.13
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Table 4 Result of Single-layer Printing
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Process Parameters of Single-Layer Stacking Process through 3D Printing of Solid Propellants

WANG Jia-wei', SHI Hong-bin', LIU Xuan-jie’, SONG Shi-xiong®, SHI Jia-wei', WANG Qi-hu'
(1. The Institute of Xi'an Aerospace Solid Propulsion Technology, Xi'an 710025, China; 2. School of Jet Propulsion, Beijing University of Aeronautics and
Astronautics , Beijing 100191, China; 3. Academy of Aerospace Solid Propulsion Technology, Xi'an 710025, China)

Abstract: The process parameters have a direct impact on the 3D printing quality of solid propellant grains. To more reasonably
adjust the 3D printing process parameters and improve printing quality, based on the single-layer stacking process, a numerical
simulation method was employed to conduct an orthogonal experimental study on three influencing factors: extrusion speed,
printing height, and printing temperature. The degree of influence of each factor was calculated through variance and range anal-
ysis. The grey relational analysis method was adopted for comparison, and the optimal combination of process parameters was
selected after comprehensively considering the printing accuracy of special points. A method for calculating the printing line
spacing based on single-line cross-sectional data was proposed for the first time, and simulation and experimental verification
were conducted. The results indicated that the extrusion speed had the greatest impact on printing quality. When the extrusion
speed was set to 12 mm-s™', the nozzle height was 1.2 mm, and the printing temperature was 55 °C, the printed part exhibited
optimal quality. After parameter adjustment, the tensile strength of the specimen increased from 0.21 MPa to 0.43 MPa, and the
density rose from 1.43x10° kg-m™ to 1.65%10° kg-m™. Single-layer printing simulations and experiments demonstrated a signifi-
cant improvement in molding quality after parameter adjustment.

Key words: 3D printing;single-layer stacking process; parameter optimization; parameter correction
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Based on the characteristics of 3D printing technology, this study acquired cross-sectional geometric features from printed single
lines and explored the influence of different process parameters on printing results. A combination of parameters with higher
printing accuracy and better stacking effect was selected from multiple sets of process parameters, and a calculation method for
printing line spacing was proposed. Simulation and experimental verification were conducted using the selected and revised

parameters.
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