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Nozzle Flow Model of PWM Variable-rate Spraying
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Abstract

Nozzle flow model is indispensable in variable-rate spraying control based on pulse width modulation
(PWM) technology, especially when nozzles are controlled independently. A variable-rate test platform
which could control spraying pressure precisely and was easy to set PWM parameters was designed. The
central composite orthogonal regression tests were completed by using the test platform, and the flow
models of TEEJET AITXA nozzles of type 8002, 8003 and 8004 were obtained. The results of equation
hypothesis test and test for lack of fit of flow models showed that the three flow models were agreeable.
The maximum relative error of the TEEJET AITXA nozzle model of type 8002 was 7.05% , while the
minimum relative error was 0. 14% . For the type 8003, the maximum and minimum relative errors were
7.27% and 0.31% . And for the type 8004, the maximum and minimum relative errors were 7. 94% and
0.71% . Nozzle flow model validation trials showed that the relative errors between model flow and actual
flow were small.
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Fig.1 Block diagram of nozzle flow model test system
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Fig.2 Block diagram of spraying pressure controller
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Fig.3 Block diagram of PWM waveform generator
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Fig.4 Computer software interface
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Tab.1 Experiment factors and levels

H&
7K -
JEJ7 x,/MPa iR x,/Hz 2 v,
y 0.50 10 0.90
1 0. 46 9 0.82
0 0.35 6 0. 60
-1 0.24 3 0.38
—y 0.20 2 0.30
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Tab.2 Flow model trial results of TEEJET AITXA nozzle of type 8002

X 5 JE ) x,/MPa A x,/Hz 5 25 L s Wik I/mL-s™' FiE2/mLes™' Wi 3/mLes™! PEH R/ mLes !
1 0. 46 9 0. 82 12. 48 12. 56 12.72 12.59
2 0. 46 9 0.38 5.23 5.24 5.28 5.25
3 0. 46 3 0. 82 13. 74 13. 64 14.01 13. 80
4 0. 46 3 0.38 5.66 5.69 5.78 5.71
5 0.24 9 0. 82 9.28 9.41 9.69 9.46
6 0.24 9 0.38 4.50 4. 46 4.46 4.48
7 0.24 3 0. 82 9.42 9.52 9.50 9.48
8 0.24 3 0.38 4.46 4.36 4.43 4.41
9 0. 50 6 0. 60 9.91 9.62 9.56 9.70
10 0.20 6 0. 60 5.96 6.05 6.00 6. 00
11 0.35 10 0. 60 7.83 7.85 7.89 7.86
12 0.35 2 0. 60 8.23 8.43 8.21 8.29
13 0.35 6 0.90 12. 44 12.28 12.26 12.33
14 0.35 6 0. 30 3.64 3.64 3. 64 3.64
15 0.35 6 0. 60 8.87 9.07 9.01 8.98
16 0.35 6 0. 60 8.81 8. 67 8.53 8.67
17 0.35 6 0. 60 8. 44 8.41 8. 40 8.42
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Tab.3 Universal analysis of TEEJET AITXA nozzle flow model
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2 MPa - A JLes-! Wit AR i A X R i X R
/mlLes ™! %/% /mLe+s ™! %/ % /mLes ™! %/ %
0.5 10 0.90 15. 46 14.37 7. 05 14. 64 5.30 15.03 2.78
0.4 5 0.50 7.15 7.12 0.42 6.99 2.24 7. 14 0.14
8002
0.3 10 0.70 8.92 9.10 2.02 9.21 3.25 8.72 2.24
0.2 6 0.90 9.59 9.71 1.25 9.91 3.34 9.43 1. 67
0.5 10 0.90 19.12 19. 18 0.31 18. 86 1.36 18. 10 5.33
0.4 5 0.50 8.39 9. 00 7.27 8.75 4.29 8.48 1.07
8003
0.3 10 0.70 11. 10 11.63 4.77 10. 84 2.34 10. 38 6. 49
0.2 6 0.90 13.31 14.25 7.06 12.70 4.58 12.97 2.55
0.5 10 0.90 25.13 23.86 5.05 24.03 4.38 23.62 6.01
0.4 5 0.50 9.57 9.93 3.76 10. 33 7.94 10. 21 6. 69
8004
0.3 10 0.70 14.21 13.90 2.18 13.47 5.21 13.99 1.55
0.2 6 0.90 16.93 17.05 0.71 16.77 0.95 17.57 3.78
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