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Abstract

To address the demand for small-diameter adhesive dot jetting in microelectronic packaging, this
paper establishes a two-dimensional geometric model of the collision structure between the striker
pin and the nozzle based on the working principle of a piezoelectric-driven dispensing valve. COMSOL
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multiphysics software is employed to perform numerical simulations of the adhesive flow and jet-
ting characteristics during the dispensing process. The study systematically analyzes the mechanisms
by which parameters such as driving air pressure, nozzle cone angle, outlet inner diameter, and inner
clearance affect the variation in adhesive flow velocity, along with a comparative analysis. Simulation
results indicate that nozzle structural parameters have a significant influence on the adhesive jet-
ting velocity and dot diameter. To further improve dispensing accuracy, a feedforward neural net-
work algorithm is introduced to optimize and validate the simulation results. This research pro-
vides a theoretical basis and technical reference for the design optimization of piezoelectric dis-
pensing valves and the fabrication of micro-scale adhesive dots.
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Figure 1. Schematic diagram of the jetting model
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Figure 2. Distribution contour maps of dispensing performance
2. RS EE

N T IRFIRS) R S0 s I PERE IS0, FEORFF A SR A AR RTHE T, 275K A% P1 25 0.2, 0.3, 0.4,
0.5. 0.6+ 0.7. 0.8 MPa B i 17 H FIatid 5 i B A% .

BH2E 1 AT, RV A AN R EAR R X Bl 38 3G oK, e rh i T R AR R R B AR — B
ATHIER Dy, MIREEIGRRT, AN AR (418 BE R 2 3K, AT S Mt 1 Atk 4 v 38
K [RIET, RS P s v N S B 0 3K, (6 A B 5t P P LA K

DOI: 10.12677/csa.2026.164157 620 HEHLUREE 5 R


https://doi.org/10.12677/csa.2026.164157

ke, MK

Table 1. Relationship between outlet flow velocity, adhesive droplet diameter, and driv-
ing pressure

F 1 OHORE, REERMENENIR

IXZ) s 71 (MPa) HH E 3 (mis) Jie % 4% (mm)
0.2 2.45 0.18
0.3 3.08 0.25
0.4 3.46 0.29
0.5 3.88 0.33
0.6 4.26 0.36
0.7 4.61 0.40
0.8 4.90 0.44

4.2. WM HHE A X R R 1 RE RSO

deg(1)=30 deg (m/s) O deg(7) =60 deg K RN (m/s) o
mm T ] mm T T T T T ]
A777 All4
4t 1 4l
351 ] 7 351 10
3+ 1 e 3L
8
25} {113 25t
6
2r 1 4 2t
15 1 3 15F 4
1+ 1 2 1+
| 2
05 1 05F
0 0
ot . 1vQ Ot N 1v0
2 mm -2 -1 0 1 2 mm
(a) 30° %ﬁﬁq (b) 60°4fE A
deg(13) = 90 deg r“ }\’J\(m/s) O deg(19) = 120 deg T HE AN m/s) o
mm [ T ] mm [ T - T - T ]
AllS A797
4r 1 4r 1
351 1 10 35F 1 7
3r 1 3r 11
8
25r 1 25F J 5
6
2t 1 2t 1014
15F 1 4 15 1 3
2
1t 1 5 1r 1
1
051 1 051 1
0 0
(U . 1 1v0 (s . . n . . 1vQ
-2 - 2  mm -2 -1 0 1 2  mm
(c) 90° %’ﬁiﬁ (d) 120°#Eff

Figure 3. Adhesive flow velocity contour maps for various cone angles
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Table 2. Relationship between cone angle and adhesive outlet flow velocity
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HEA (%) H 1R (mis)
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40 8.82
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60 9.72
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Figure 4. Adhesive flow velocity contour maps for various inner diameters
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Table 3. Relationship between outlet inner diameter and adhesive outlet flow velocity
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Figure 5. Adhesive flow velocity contour maps for various inner clearances
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Table 4. Relationship between inner clearance and adhesive outlet flow velocity
4. EREREH OREXR

[&] B (mm)

0.24
0.36
0.48
0.60
0.72
0.84
0.96
1.08
1.20

H 93 (m/s)

6.22
5.81
5.52
513
4.72
4.32
4.01
3.63
321
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Table 5. Orthogonal experiment results for key parameters

5 KPESHENABER

Wi, DAV 2 R ) B R DA SR 14 B R R ek O B R4

[Etas) HEA() I 42 (mm) X3S % (MPa) H FALE (ms)
1 50 0.15 0.4 8.23
2 50 0.20 0.6 7.51
3 50 0.25 0.8 7.84
4 60 0.15 0.6 11.85
5 60 0.20 0.8 10.92
6 60 0.25 0.4 6.43
7 70 0.15 0.8 10.72
8 70 0.20 0.4 7.68
9 70 0.25 0.6 6.12
K1 7.86 10.27 7.45 —
K2 9.73 8.70 8.49 —
K3 8.17 6.80 9.83 —
%% R 1.87 3.47 2.38 —
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A5 NFFE R4 R AEIE NS BT SREAT I — R AL BE, SR B/ - B KA — A7 v B i &[0, 1]
DX ], DAY 40 22 S5 b USSP P S

T2 IR 2% )11 25 5 R 3L T Python 3.9 3148, K TensorFlow 2.8 HEARSZH . 0k BLEE ] H & MR
it (Adam) itk 8%, WILG2: > %% 0.001, FHHCE 5 > 632 ) 5 (5 50 5038 2 Rk 10 0.9 i), DUfR
TENZRJE ARSI A0 . PR B BCR FH I 7 iR 25(MSE) . 2% L3011 4% 500 4> epoch, L7k K/ (batch size)
W 32, AL A, IR AR A R A 55 S (Early Stopping), 436 F 8545 2 IE 52 50 $& AN T B A
Z b %k; [FRTERE E A Dropout IENAL(EFFEZH 0.1). IR AR i a3 I ZRdi 2k 5 50 UE 41 2Kk 1) 3
DN, DB S HRE AR

AT PEAE FNN FITPERE, ASCHENNALE [k A 2 M8 baidt 17 vy, 4537 iRi% 2 (RMSE)
LR 2 (MAE)RITR E R E(RY) . & B84 T FNN 7EMIR4E L Bkt e drin e 6 fion. Bk
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Table 6. FNN performance metrics on test dataset
7z 6. FNN fRB7EMIK & £ B M ae b 3e iR

PEREFRIR WSk HEF H AR PR A0 ]
RMSE (m/s) 0.018 0.009 0.016 0.024
MAE (m/s) 0.013 0.007 0.012 0.019
R2 0.9997 0.9999 0.9998 0.9996
AHXT 1 22 (%) 0.2 0.1 0.2 0.3

TR VLA 2, AR FNIN BT 47 9 1) £ €009 B9 B AR R FI0I #55 5 (Offline Surrogate Model), TfidE
SRR PRI . BRI S, 7RSI B, FNN @S R E0 E AR IR e, TR G5 0 2 3w o 14
RE 1) G LS BR s 7E R IR IR T SRR B, AR T oA Ak K 2 5040 & 3 NI 2R 471 FNIN AR,
SIS M ST T RE R R BLAR IR 2 A0 SR T, ANTAC B AR (1) COMSOL 1/ 3,  KIE4s 5 5L i ik AL
AR T BN FNIN 28 g SR 2 28, D) 55 0 — 20 45 & AR IR 3R IR ITHE 5 (A S B JRE T ELAE PR U 221
ST PR SR, 6T AR D IS SR T ) R 2
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PID fIAHXT R ZE A 3.0%, [Flk FNN AL LG PID BB (145 hikEs 5 m i 2.8%. ik, AESHEICRE
JEZett:, FNN BEARLRAR R 24 0.1%, 1 PID L2458 5.1%, FNN B84 1§45 B2 L PID /&t 5.0%. Xf
FH OB, FNN BAAHXTRZE N 0.2%, PID #7514 3.2%, FNN Lt PID [ HlkE R Mt 3.0%. %
Ja, FRHRESREIRER, FNN FHXTREZERN 0.3%, 1fi PID 4 3.6%, FNN #ALEL PID & it 3.3%.
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Figure 7. Comparison diagram of FNN and PID algorithms
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