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Abstract

This article uses COMSOL Multiphysics simulation software to model and analyze piezoelectric inkjet
print heads, aiming to optimize their ejection characteristics and stability. The refinement of the model
has been improved through separate geometric modeling and adaptive mesh refinement techniques.
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In physical field processing, dynamic grid components are used to handle fluid-solid coupling prob-
lems and precise control of piezoelectric actuators is achieved through fully parameterized functions.
In response to the high pathological nature of the model, a fully coupled direct solver was selected and
optimized to improve the solving efficiency. Through parameterized scanning and automated optimi-
zation, the optimal driving signal to eliminate residual oscillations was found, significantly improving
system efficiency. In addition, an independent two-phase flow model was established to optimize the
simulation accuracy of ink droplet formation and ejection. This study not only improves simulation
accuracy, but also provides theoretical guidance and technical support for practical engineering ap-
plications.
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Figure 1. Piezoelectric driver model
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Table 1. Piezoelectric driver material parameters
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SiO2 #RBN R 2200 kg/m? 0.17 85.99 Gpa
PZT & HL#E(PZT-5H) 7450 kg/m® 0.36 56 Gpa
Parylene {3 i 1150 kg/m? 0.4 3.2 Gpa

Figure 2. Piezoelectric inkjet print head model
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Tabe 2. Dimensions of each part of the piezoelectric driving board
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Figure 3. Schematic diagram of the model mesh
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Figure 4. Grid quality assessment diagram
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Table 3. Driving signal functionalization
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Figure 5. Optimal driving signal
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Figure 6. Planar diagram of the two-phase flow model
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Figure 7. Isosurface diagram of the ink droplet dripping process
7. BRI REFERE

TS M AR A 2 SR O LR SR, (E R BRI T SRS A SR TR RN B AT . S I B

DOI: 10.12677/dsc.2025.142009 85 B 1RG5


https://doi.org/10.12677/dsc.2025.142009

KRt i A

ANFIFAS BN BT AR, BATIRAE 1 B IE R PR A 2 . R PR AR AL IR X3, 2R ) 5 i
TR, SR 0 T8 A A S AR . AR ST R A TR IR B 0.8765
6.3. MR LRETNLRRESH

I S T A, FRATTRT DL E U 52 31 s K5 25 RS BT AR A AR A o £ AN R Ik 8] s 5 1 S T 1)
A DA 7R SR AR 22 (6] o s 224k, nlEl 7 B

T EE B AN [ N ) A SRR S, FRATT AT DABG R S5 WU (0 — BOMERIAR e M. R4, ISy AT SR
JRAEERERS AR, BATRT DAACACIT BNk Be i, DLSEEUSE RS A 0 st 22 . &l 8 B

=

xlo_o_u T T T ’/"_/u_

kg
[l ol ol NNNN

oooo

ONPOORNPEOONNDPDO®

0 0.5 1 1.5 x107*

Figure 8. Ink droplet quality consistency
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