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A Direct Injection-mixing
Total-flow-control Boom Sprayer System
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ABSTRACT

A direct injection sprayer was designed using the concepts of injection mixing and total flow control,
flowrate-based system compensating for the variation of forwarding speed. A metered rate, proportio-
nally to the actual diluent flow rate, of a tracer chemical was injected directly into the diluent stream.
The injection of chemical may improve the precision and safety of chemical application process.

The control system was evaluated for the variables of the control interval, tolerances and sensitivities
of flow regulation valve and injection pump. Performance of the system was assessed as that the respo-
nse time of flow rate, response time of injection rate, absolute steady state error, and the coefficient
of variance(C.V.) of concentration were 8.5 and -0.53 seconds, 0.067 Ipm(0.8%) and 3.15%, respectively,
at optimal parameters of control interval of 1.0 sec, fast sensitivity of flow regulation valve, medium
sensitivity of injection pump and medium tolerance of flow rate. Performance of the system can be imp-
roved by increasing the sensitivity of flow regulating valve and employing a high resolution velocimeter,
such as Doppler radar.

F 8 ¢-°](Key Words) : %% A 7I(Boom Sprayer), 25 % (Direct Injection), &% A o|(Total Flow
Control), Aol 554 (Control Characteristics).
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Fig.1 Schematic of the direct injection-mixing
total-flow-control boom sprayer.

D:IDC motor

drive, F : turbine flowmeter, [ : injection mete-

C . concentration sensor,

ring pump, M : DC motor, P : pressure trans-
ducer, R . electric flow regulating valve, S so-
lenoid boom valve, V @ vehicle speed sensor, W

. main pump (Wesco type).
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Table 1. Operating cases of total-flow-control injection sprayer

Tractor . Master s/w | Reset s/w
Main pump . .
Speed (Solenoid (Calibra- Case Results
PTO(PRS) .
(SPD) boom v/v) tion)
ON ON N/A Spraying Normal control
ON OFF N/A Turning Bypass flows
OFF OFF N/A Transporting Speed calibration
ON ON ON Nozzle calibration Maintaining 3bar_
OFF OFF N/A Pausing Bypass flows
OFF OFF N/A OFF Normal stop
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Fig. 3 Flow chart of a control program of the direct injection sprayer.
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Table 2. Average response time of flow rate and net response time of injection rate for the experimen-

tal variables at the flow sensitivity of k3=4(medium)

Dependent
variables | Response time of Net Response time of
Independent flow rate (sec) injection rate (sec)
variables
2.0 12.68 a 0.80 a
Control
. 1.0 874 b 049 a
interval (sec)
2.0 883b [18] 0.19 a
0.5 11.00a [6] 073 a
Tolerance, k4(%)
2.25 992b [6] 050 a
(wrt 8.0 Ipm)
45 1029 ab [6] 0.51 a
. 1(slow) 961 b 202 a
Sensitivity, k2 X
(injecti ) 2(mid) 11.31a [9] -0.38 b
injection pum
yection pump. 3(fast) 1071a  [9] 069 b
1 1025a [6] 0.50 a
Replication 2 1050a [6] 0.70 a
3 1046 a [6] 0.53 a

* The numbers in the bracket [ # ] indicates the number of missing values due to unstable controis.

* * Means of variable effects followed by the same letter are not significantly different(Duncan’s multi-

ple range test at a=0.05)
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7 —06922 27} b F4 % v A1
2 o84 29 e 72 § gloy upsH
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o A2 39 %e 2y
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Table 3. (a) Average response time of flow rate, net response time of injection rate, absolute steady
state error of flow rate, overall C.V. of concentration for the experimental variables at the con-

trol interval of 1.0 sec.

Dependent .
bl Response time  Net response Absolute steady Overall C.V. of
variables
art of flowrate time of injection state error of concentration
Independent
. (sec) rate(sec) flow rate(lpm) (%)
variables :
0.5 9.70 a 0.50 a 0074 b 366 a
Tolerance, k4(%)
2.25 868 b 0.68 a 0.083 b 3.56 a
(wrt 8.0 1pm)
45 798 ¢ 0.34 a 0.164 a 354 a
L 1(slow) | 804 b 1.58 a 0.114 a 437 a
Sensitivity, k2 .
L 2(mid) | 928 a 0.09b 0.097 a 259 b
(injection pump)
3(fast) 9.06 a -0.17 b 0.110 a 372 a
. 5(fast) 832 b 047 a 0115 a 385a
Sensitivity, k3 .
4(mid) 8.74 ab 049 a 0.094 a 3.62 a
(flow reg valve)
3(slow) | 9.29 a 0.56 a 0113 a 329 a
1 9.15 a 0.35 a 0.092 a -
Replication 2 8.83 ab 0.69 a 0.125 a -
3 837b 048 a 0.104 a -

(b) Average relative C.V. of flow rate, relative C.V. of injection rate, relative overshoot of flow rate, and

relative overshoot of injection rate for the experimental variables at the control interval of 1.0 sec.

Dependent . . . .
. ) Relative C.V. Realtive over-  Realtive over-
variables Relative C.V. L .
of injection shoot of flow shoot of injec
Independent of flow rate .
rate rate -tion rate
variables .
0.5 0.505 a 0.926 a 0.352 a 0.664 a
Tolerance, k4(%)
2.25 0.591 a 0.859 a 0444 a 0.857 a
(wrt 8.0 lpm)
4.5 0.546 a 0.792 a 0.475 a 0.756 a
. 1(slow) | 0.576 0.598 b 0577 a 0.559 b
Sensitivity, k2 .
L 2(mid) 0.501 a 0.717 b 0.297 a 0.665 ab
(injection pump)
3(fast) 0.563 a 1272 a 0.394 a 1.054 a
. 5(fast) 0.669 a 1.039 a 0431 a 0.794 a
Sensitivity, k3 )
4(mid) 0.458 b 0.741 a 0.337 a 0.596 a
(flow reg. valve)
3(slow) | 0.516 ab 0.795 a 0.497 a 0.889 a
1 0.604 a 0.928 a 0.287 a 0.604 a
Replication 2 0514 a 0.687 a 0482 a 0.751 a
3 0.525 a 1.002 a 0.503 a 0.936 a

* Means of variable effects followed by the same letter are not significantly different

(Duncan’s multiple range test at =0.05).
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