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Fig.1 Schematic diagram of 3D printing with vibration

assistance
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Tab.1 Material properties for finite element calculation
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Fig.3 First 4 modes of heating bed
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Tab.2 Modal frequency of heating bed before and

after counterweight installation

B f/Hz WK 2% /Hz
%5 E-3 231 LA AT A
2B 168.84 166.01 15.60 2.03
3B 184.44 168.04 15.60 2.03
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Fig.4 Polarization direction of piezoelectric ceramics and

excitation methods
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Fig.5 Mode shape of the heating bed per a cycle in simulation
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Fig.6  Default filament filling method
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Fig.7 Filament filling and forming during the 3D printing

process
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Fig.8 Heating bed modal test results
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Fig.9 Mode shape of the heating bed in a cycle during a test
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Tab.3 Tensile strength of samples with different filling

densities with vibration assistance MPa
WA/ o I U 1 /v

% 0 200 400
20 35.69 36.58 37.46
40 37.49 38.53 40.02
50 39.07 40.47 41.18
60 32.97 33.99 35.43
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Fig.11 Variation law of tensile strength of samples with fill-

ing density under vibration assistance
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Tab.4 Tensile strength of samples with different printing

thickness with vibration assistance MPa
FIENZ R/ Hi, R I U/ V
mm 0 200 400
0.10 45.46 46.61 47.86
0.15 42.34 43.42 44.73
0.20 35.69 36.58 37.46
0.25 33.36 34.32 35.10
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Fig.12 Variation law of tensile strength of samples with

printing thickness under vibration assistance
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Tab.5 Tensile strength of samples with different printing

temperature with vibration assistance MPa
FIERN iR / H, PR I U R/ V
C 0 200 400
190 35.69 36.58 37.46
200 37.22 38.16 39.08
205 42.66 43.52 44.26
210 43.05 43.89 44.50
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Fig.13 Variation law of tensile strength of samples with

printing temperature under vibration assistance
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Tab.6 Tensile strength of samples with different printing

speed with vibration assistance MPa
FTEVEREE/ H R W W (R / V
(mmes ") 0 200 400
40 35.69 36.58 37.46
50 36.78 38.495 39.71
60 43.21 45.02 46.56
70 37.06 38.53 39.16
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Fig.14 Variation law of tensile strength of samples with

printing speed under vibration assistance
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