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Simulation of micro-droplet injection process and key parameters based on
3DP equipment of wood-plastic composites

LIU Zixin, WANG Qi, YAN Chenglin, WANG Xinxu, LI Xiaoxu
(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] Based on the self-developed wood-plastic composite material 3DP equipment micro-
droplet injection system, research on the process of UV adhesive micro-droplet injection is aimed to optimize
the processing parameters and the structural parameters of the micro-droplet injection system, and provide data
support for the study of droplet spreading and infiltration in the 3DP process of wood plastic composite
materials. [Method] The displacement characteristics of the needle-type jet valve and the rheological properties
of the UV adhesive were analyzed to determine the injection parameters affecting the micro-droplet injection
process of the wood plastic composite 3DP processing. The finite element method was used to simulate the
micro-droplet injection process to analyze the influence of injection parameters and obtain the variation
characteristics of droplet velocity, pressure and mass flow rate at the nozzle during the micro-droplet injection
process. The needle velocity, nozzle diameter and UV adhesive supply pressure as evaluation factors, and the
mass of the droplet and the main droplet velocity as evaluation indicators, simulation experiments were
conducted to optimize parameter combination. [Result] The results of the single factor experiment indicated

that needle speed 0.3 — 0.9 m*s ™', nozzle diameter 0.10 — 0.20 mm, UV adhesive supply pressure 0.1 — 0.3 MPa
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were reasonable printing parameters. The results of the orthogonal experiment indicated that nozzle diameter is
a significant factor of droplet mass, and the UV adhesive supply pressure is a significant factor of the droplet
velocity. The droplet mass and droplet velocity are optimal when the nozzle diameter is 0.10 mm, the needle
speed is 0.9 m-s™', the UV adhesive supply pressure is 0.1 MPa, and the valve seat cone angle is 130°.
[Conclusion] The VOF finite element model of 3DP micro-droplet injection process of wood-plastic composite
was established on the basis of pre-experiment and theoretical analysis. The study on the influence of injection
parameters on micro-droplet injection has been completed, and the optimal combination of injection parameters
has been obtained. [Ch, 8 fig. 4 tab. 17 ref.]

Key words: wood-plastic composite; three-dimensional printing and adhesive; needle-type jet valve;, UV

adhesive; injection parameters
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Figure I Schematic diagram of the working principle of the striker
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Figure 2 Rheological characteristic curve of UV adhesive Figure 3 Schematic diagram of two-dimensional model of needle-type
jet valve

14 FEEZHREIE

BRUE T BRI, T B UEA T AR TC M, WO IS B 5 05 B2 R A AR SCHEDS . BT[]
6 ms &b == I B IO B IE o 2 A% 2 0.04, 0.08, 0.16 mm IR 3R 43 1,130, 1.120 1
1122 mes™, BEEAREIEELE 2% LA, SR8 T OFEAEOR o O T 30T AR FIER &, IBUIT DA% 2%
J& 4 0.08 mm 44T 5 S0l H A AT

KA IS 5 AR 3DP B AE N Kk A28, DL A3320V e A BGR, iz IR AL R 7,
ZHIRE SIS, A S S AL T EMEORSE , RE SRR 5 kHzo o s AR ALK ORI 19 3
TEFEI R 0.616~1.080 m=s™", 4y FLaxk A4 I 1) 3 B2 A8 ALY [ R 0.730 ~1.120 me=s™', SLAME B9 307 Bl
T TR R TR S PR X R R B R R G T B AR S A1 S B . EAT FR IR 20N
T 20%, AETEAEOR,



654 WroIL R R K A R 2024 4E 6 H 20 H

15 RIgigit F1 BERABREKTERE
LA fl:i ﬁ‘ﬁg N ﬁt‘%ﬁi‘jj N Hﬁf ﬂ% Eﬁé N Hﬂ@%ﬁ % Table 1 Values for each level of single factor experiment
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HEE AR R RS, SRR e O

VR T AR O SO PR FR bR, TRSE H AR X R 5 03 02 0.15 100 030

T WG BT Ao AR A S 3 0.5 03 0.20 110 035
VIR DR 23000 (3R 1) 45 2R S, 3 Ot 41 e 4 0.7 0.4 0.25 120 0.40

B OHRREE . BEME E AR 3 S EC RIS B E T 3 0.9 0.3 0.30 130 0.45
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Figure 4 Droplet mass, droplet velocity and outlet pressure variation diagrams under different nozzle diameters
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Figure 5 Droplet mass, droplet velocity and outlet pressure variation diagrams under different valve seat cone angles
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Figure 6 Droplet mass, droplet velocity and outlet pressure change line chart under different impact needle velocities
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Figure 7 Droplet mass, droplet velocity and outlet pressure change line chart under different glue supply pressure
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Figure 8 Droplet phase diagram of different injection parameters
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Table 3 Orthogonal experiment range table
- W BT ) R
A RgE|
A B C A B C
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K; 14.679 5.387 10.010 K; 3.790 3.207 4.240
R 13.516 5.339 5.165 R 1.557 1.000 2.690
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1t =7.469-6.3064,+0.9044,+7.21045+3.256B,~1.173B,-2.083B52.625C,+0.084C,+2.540C;. X F W 74 Jii
i, SWELSE F KBNS AL B, C, RIS IEN 2204518, FLIBTHE ELAR 2 5 e Y TRk o 2 1Y
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Table 4 Orthogonal experiment variance table

SR T U VT
df SS MS F P df SS MS F P
A 2 277.694 138847 5172 0019 2 3.6351 1.8175 675  0.129
B 2 48.948 24474 9.2 0099 2 1.6644 0.8322 3.09 0245
C 2 40.050 20.025 746 0118 2 11.1158 5.5579 2063 0.046
B 2 5369 2.685 2 0.5388 0.2694
it 8 372.061 8 16.954 0
R*=98.56% R =98.56% R*=96.82% R =87.29%

Y. df. AL SS. E2 VI MS. BT fH.
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