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Abstract

On the basis of analyzing disadvantages of conventional prediction model, a novel prediction model
based on modified PSO least square support vector machine was proposed. Based on the new model,
the design steps and learning algorithm were given. The practical experimental results show that the
construction speed of this modified PSO LS — SVM model is 10 times less than that of the LS - SVM
model, while the prediction error is 50% . Moreover, compared with BP model, the prediction
accuracy is about 10 times higher than that of the former. The effects of electrostatic spraying
parameters on atomization performance of electrostatic spraying nozzle can be predicted with the
limited test data. Thus the variation law of atomization performance of electrostatic spraying nozzle
following electrostatic spraying parameters can be obtained.
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Fig.1 Structure of pneumatic electrostatic nozzle
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Fig.2 Experimental equipment sketch map of

pneumatic electrostatic nozzle
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Tab.1 Experimental factors and the factor levels

EUOSE S

AV ARES WRES O BHLER RmEE
A/MPa B/MPa C /mm D/kV
1 0.2 0.20 1.5 1
2 0.3 0.25 2.0 3
3 0.4 0.30 2.5 6

3.3 REERESHT
H 25 T B2 A T 3 R AE & R &
VMD.NMD.DR #1 STD, 5 A1 R 19 A ZE K F- Ui 2

NS
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Tab.2 Experimental results

J¥% A B C D VMD/um NMD/um DR

STD/um

1 1 1 1 1 46.44 38.99 0.84 12.62

2 1 1 2 2 43.00 34.40 0.80 11.72
3 1 1 3 3 41.28 36.12 0.87 8.56
4 I 2 1 2 43.57 34.97 0.80 11.84
5 1 2 2 3 49.45 43.00 0.87 11.15
6 1 2 3 1 45.15 40.42 0.89 10.76
7 I 3 1 3 48.73 42.14 0.86 12.35
8 13 2 1 57.66 49.45 0.86 11.27
9 1 3 3 2 46.87 42.14 0.90 9.54
10 2 1 1 2 43.00 35.83 0.83 11.23
m 2 1 2 3 38.70 34.40 0.89 9.21
2 2 1 3 1 39.99 32.25 0.81 9.76
13 2 2 1 3 40.13 35.83 0.89 10.34
14 2 2 2 1 40.85 34.83 0.85 9.44
15 2 2 3 2 42.14 36.55 0.86 9.20
6 2 3 1 1 43.00 36.41 0.85 11.34
17 2 3 2 2 43.00 36.55 0.85 8.93
8 2 3 3 3 38.70 34.40 0.89 10.28
9 3 1 1 3 52.17 40.13 0.76 13.33
20 3 1 2 1 38.70 32.68 0.84 10.76
21 3 1 3 2 36.55 33.54 0.92 8.25
2 3 2 1 1 50.17 43.00 0.86 11.43
23 3 2 2 2 3526 30.10 0.85 8.86
24 3 2 3 3 38.70 30.10 0.78 9.46
25 3 3 1 2 43.00 36.98 0.86 11.55
26 3 3 3 39.56 35.26 0.89 8.98
27 3 3 3 1 38.70 34.40 0.89 8.11
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Tab.3 Significance test of droplet VMD regression equation

PRI A A ) 2 B AT I8 25 1, oK 5
PrAs 2 % i H A2 6 & VMD.NMD Al DR 55 Jir

FEKW HME PR 9y P RERP>F WA A5 R TR, X USSR AN S PR .
1z 6 0.155 0.026  2.771 0.040 %5 HEREENRERNEESIL
RE 20 0.186 0.009 Tab.5 Comparison of prediction results of electrostatic
Jayill 26 0.341 spraying atomization performance
FEKE HME SR bR off RMEP>F - R % R
B0 3.240 0.098  37.234  <0.0001 S pe b d U VMD/4um NMD/um DR
B 1 —-0.014 0.009  -0.599 0.555 1 0.4 0.30 1.0 3 53.3428 45.5243 0.7856
B2 1 —0.437 0.063  —3.097 0.005 2 0.5 0.35 2.5 5 59.1558 50.4627 0.8242
Bs 1 -0.343  0.085 —2.491 0.020 3 0.5 0.40 3.0 7 60.4023 51.5216 0.8942
Ba 1 0.652 0.494 1.091 0.286 4 0.6 0.45 2.0 8§ 61.4235 52.3892 0.8986
Bs 1 -0.110  0.121  0.800 -0.053 T
Bs 1 0.200 0.130 0.366 0.189 BP(9,1) BP(12,1)
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Tab.4 Comparison of BP neural network, LS - SVM
and modified PSO LS - SVM predictor

ARy
BP(3,1) BP(10,1) LS-SVM Bt LS-SVM
FEI /s 22.1 25.4 0.08 0.03
iR 0.0153  0.0042 1.5x10°3 6x10°°

MR 4 FAHMER 3T PSO AR 1EH LS -
SVM HERIYI ZRbE AR 1934 7 12 2% (mean square error,
fRIFR MSE) 5 BP #1252 A 7 32 AH FL AR 173~
4 ARG AT LS - SVM BB B AR T 1 5K
LT PSO AR LS - SVM FERT /)N, Ee
BP @ i 1 ~2 DRGSR, MY LS - SVM 2
B PG 1 B

VMD/pm NMD/im DR

VMD/pm NMD/mm DR

MSE

53.5921 45.7758 1.0352
59.4028 50.8156 1.0824
60.1545 51.2522 0.6424
61.1786 52.1225 0.6255
0.0618 0.0622 0.0646

53.4135 45.5921 0.8524
59.3760 50.6822 0.708 8
60.5122 51.4156 0.7884
61.6415 52.6024 0.7854
0.0282 0.0263 0.0242

BiIEeEs

LS-SVM

et LS-SVM

VMD/pm NMD/pm DR

VMD/um NMD/um DR

53.2535 45.5321 0.8512
59.214 8 50.5124 0.7824
60.3222 51.6012 0.8256

53.4135 45.4421 0.8122
59.1252 50.4322 0.8054
60.4640 51.4920 0.8753

4 61.4828 52.3242 0.8545 61.7282 52.3222 0.8655

MSE 0.0052 0.0056 0.0052 0.0026 0.0029 0.0024
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