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Application Rate Control Characteristics of Blended Pulse
Variable Rate Application System
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Abstract: In order to study the application rate control characteristics of blended pulse variable rate
application system, a blended pulse variable rate application system was constructed based on a
commercial boom sprayer and by integration of high speed direct acting solenoid valves (type 6013) ,
hollow cone nozzles (type TR80 —05), pilot-operated proportional relief valve (type DBEE6 —1X/50)
and a self-designed PWM-based variable rate application controller. Influences of diaphragm pump’ s
input shaft rotating speed, nozzle positions, spray pressure, PWM signal frequency and duty cycle on
nozzle’ s spray flow rate were tested. Computational models of the nozzle’ s spray flow rate under spray
pressure of 0.2 MPa, 0.3 MPa and 0.4 MPa were fitted through monothetic linear regression, and
corresponding control models of application rate were deduced. Application rate control characteristics
testing experimentation of the blended pulse variable rate application system was performed too. Test
results show that influences of nozzle positions and PWM signal frequency on the nozzle’ s spray flow rate
are very little, spray pressure and PWM signal duty cycle have crucial influences on the nozzle’ s spray
flow rate, the ratio of flow regulation is about 10: 1 with combine of the solenoid valve and the nozzle used
in the system, the control error of spray flow rate is less than +4% when objective spray flow rate is
greater than 0. 3 L./min, and the control error of application rate is less than +6%.
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Fig.1 Structure of variable rate application system
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Fig.2 PWM variable rate application sprayer
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Tab.1 Spray flow rate under different rotating speed
of the diaphragm pump input shaft

I P2 o Al 525 1 SWELWESE 6 SmEskuiE
Bedi/remin =t JEJI/MPa iE/Lemin! HE/L-min 7!
400 0. 303 0. 980 0.984
485 0.307 0. 982 0. 986
540 0. 294 0.976 0.983
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Tab.2 Spray flow rate of nozzle No. 1 under spray

pressure of 0. 2 MPa L/min
2z FEHF 5%/ Ha
e/ % 1 2 3 4 5
10 0.079 0.073 0.075 0.078 0. 067
20 0. 163 0. 156 0. 161 0. 155 0. 153
30 0. 225 0.222 0.233 0.229 0. 227
40 0.315 0.313 0.319 0.311 0.309
50 0. 389 0.375 0. 380 0.372 0.377
60 0.453 0. 466 0. 461 0. 449 0.452
70 0.552 0.536 0. 545 0.541 0.539
80 0.623 0.599 0.615 0.610 0. 603
90 0.670 0. 665 0. 683 0. 663 0. 659
100 0.751 0. 746 0.748 0.752 0. 744
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Tab.3 Spray flow rate of nozzle No. 1 under spray

pressure of 0.3 MPa L/min
k2 P SR He
/% 1 2 3 4 5
10 0.118 0.117 0.113
20 0.243 0.237 0.239 0.231 0.229
30 0.334 0. 335 0. 347 0.332 0.336
40 0. 469 0.471 0.473 0. 459 0. 447
50 0.578 0. 546 0. 565 0.553 0. 544
60 0. 673 0. 693 0. 689 0. 668 0.673
70 0.813 0.797 0.812 0. 805 0.794
80 0.927 0. 891 0.915 0.907 0. 897
90 0. 996 0.982 1. 020 0. 986 0. 981
100 1.116 1. 109 1.113 1.118 1. 106
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Tab.4 Spray flow rate of nozzle No. 1 under spray i 0.6+ —
pressure of 0.4 MPa L/min EE_% 8:2 I LAk
i B S Ha g0l D
He/% 1 2 3 4 5 % %ol !
o o e 0w SRR
20 0.336  0.348  0.337  0.332 © s @
30 0.493  0.509  0.512  0.511  0.490 £ 10
40 0.645  0.639  0.641  0.646  0.637 ﬁ 08y DY
50 0.797  0.813  0.815  0.808  0.803 z gj T
60 0.975  0.993  0.998  0.983  0.987 %; 02t —oHe
70 1148 1.145  1.158  1.143  1.139 0 0 40 50 60 70 80 99 100
80 1325 1321 1323 1326  1.319 PWM*%”@% %
90 1442 1435 1438  1.429  1.431 PRy
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Fig.3 Spray flow rate of nozzle No. 1 under

different spray pressure
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Tab.5 Results of spray flow rate control accuracy test

i Hirmiss e,  SCPrmiss e/ ARt
FE 1/MPa L-min ' Lemin ! TR2E/ %
0.2 0.2 0.203 1.5
0.2 0.5 0. 509 1.8
0.2 0.7 0. 702 0.3
0.3 0.2 0. 191 -4.5
0.3 0.5 0.517 3.4
0.3 0.7 0.715 2.1
0.4 0.2 0.183 -8.5
0.4 0.5 0.513 2.6
0.4 0.7 0. 691 -1.3
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Tab.6 Results of application rate control accuracy test
REGFWBE BAEAIR BUEHLA RIS A A iz
ENEAE ez EERNRE SR AR

/mL+hm ™% /mLem~2  /km-h~' /mLem 2 /%
300 7.496 3.15 7.9 5.39
300 7.496 4.46 7.7 2.72
300 7. 496 5.83 7.6 1.39
525 13. 118 3.04 13.8 5.20
525 13.118 4.53 13.4 2.15
525 13. 118 5.76 13.1 -0.14
750 18.741 3.11 19.5 4.05
750 18.741 4.35 19.0 1.38
750 18.741 5.92 18.3 -2.35
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