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Fig.1. The effect of vertical rotation of boom on the spraying patterns
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1- LIDAR (Light Detection And Ranging)
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Table 1- Sensors and modules used in controller circuits

Specification Model
ey o el ADXL345
Three-axis accelerometer
AN L3G4200D
Tri-axis gyroscope
Spelf Sls il HC-SR04
Ultrasound distance detection
Accelerometer and gyroscope
2me o sleic b gile HMC5883L
Three-axis polar module
Barometer module (altimeter)
Al )8 Jsile LC Studio
Memory card module
5252 Mega 2560 R3 and Nano V3
Arduino
53l b Joile FZ0534
Shaft encoder module
Jljlf 9 )9?.1)J )P0 L298N
Two-channel motor driver
bl 1602

Display module
J3e DC 4 DC el ¥ 05 giio
DC to DC 3-amp power supply

LSJ9 Y )‘.\b.,\j.\@.:? )94545).SJ|
12 volt electromotor
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Fig.2. Linear actuator designed for balanced sprayer (A-ballbearing B-Screw C-Tenon D-Body E-ballbearing F-Motor)
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Fig.3. Intermediate piece for sprayer (Dimensions in cm)
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Fig.4. Designed rivet connector (Dimensions in cm)

S (Lol (b o8 CHt ol b (pungh 5] e w55
Olygitand Ly o5 (sliso 2 Canl gg0)] (5 0)8 Ly )3 ol
L3 Y0 e 1o mly ©ygod (O JSS w205 3 b o)
Jo8 L s (liS Lag & IS slles a7 g)lie g ok
2B b lacend 5 lalad daen (ilew izl (b 5
oS 93l b 53 g 4 Slige ol 3 )Slas qw)y polatods
(¥ JS8) 13 o 5 ptales] s 5l g

5 a8 amde s izl g Jols s )3 1y pgy A S
0133 45 yobo o usl 015z ol S ygillis Aol (5l
BaSS wuly Cuomws 4 por blos o (lazel sbol b 29 0
LS o S Canly Chows 4 Gl uate LK @ ST S e
o Sy o 5 n ot Sl 15 sl S
Gy S5 ey Jols o 4 1y pgy g 48 e Sl sl Sl
b odlizl (Sysa g i 51 Lo bley] 558 1pee

b J=5 b b Bl 515650 &yl dige3 4SS
A oalawl Lbuiiln)'i el ol Oi 5las a3 o oyl

sadigal o jlae g s, ol

B9y Jl e Sy Jlb i lp oad b able
Sl 0xiloyiy iaeby loss b el (Sgpsll Jyus
2 eps Sy oddoeal JALE 4 Sy ldasd lagleyd plo]
SRk ok, 35 (Al 0 JSS L Billae o )oS ol
Jdos gl pe Cumdge (glalasd claodls & jlo > 4 i
oS S lae b a ) LS Opgod Yy odls G s yiole)l
S5 ol 4 ol addonldy i 0 S5 py68) j0 a5 ws ol
oibp b lojed )3 e (slrosly cdlyd 5l s ol sy &S
i cap b1y oy o S o odlitul 295 g0 yeuli
2 Slosslin pa 5l dlold S L S b xSl 5l ansy S yqod
iy po bl )3 WS e 083 alabls ) )3 dg29e e LB
Ol cEpol dedie Dy e e gam )
alis laylisley plo o JuST o 1) sndcud glaosly nlya
2layly8 eolazwl 2yg0 (Slya



1Fer 090 Jlumous oF o5lods ) aler (55 y9lins” sl piilo 4y pid Y O*

39290 alidle 15 U]

Cowl!

u,,....... 55959 Ll
i g

39290 eSwgy2s L 39290 ghaw Wl LT
Cow! Cow!

agl; Bl,551 oylme
Sowl jads

¥

Jbb 55l 5501 =0 JS

Fig.5. Algorithm for active control system
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Fig.6. Circuit for balancing system of boom sprayer (1- Arduino mega, 2- Motor driver, 3- Electromotor, 4-Encoder, 5-
Accelerometer, 6- Ultrasound sensor, 7- Voltage regulator, 8- SD-card module, 9- Display, 10- Display driver)

Jbd Jaleie alobo b obew =Y JSu0
Fig.7. Sprayer with active balance system
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Fig.8. Simulation of the support position in two state, balanced (A) and unbalanced (B)

Fig.9. Sprayer made with active control system
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Table 2- Data logger specifications
&Jg)lo9lb)§w JM &S’w9&§3
Sensors and modules Model Accuracy and speed
Three-axis accelerometer 0.1 m.s?
0)57%0 duw 9Sug ] L3G4200D 4l panpy Yeeo B4/
Three-axis gyroscope 0.1-2000 degree per second
Ggol )b mawdlold HC-SR04 ol S Bl e ¥ LY
Ultrasonic distance meter 1 to 4 meters with a precision of 1 cm
. HMC5883L o) e
Compass precision 1 cm
Caxdy LJ)“S J?;l‘ MPU6050 ) -/
Status Control Module 0.1 Degree
dlals &) o5l LG Studio 4l bl
Memory card module 1mMB.S?
YY Ko 0kjln 555 ATMEL 5,080 VF
Microcontroller ATMEGA32 16 MHZ
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Fig.10. Datalogger circuit designed for field experiments (1- Batteries, 2- Oscillators, 3- Ultrasonic sensors, 4-Micro
controllers, 5- SD Card Modules, 6- Compass, 7- Goniometer, 8- Gyroscopes, 9- Accelerometers)
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Table 3- Univariate Experiments on Vibration of Sprayers

Source Sumof squares df  Mean square F Sig.
Model 2872.005° 54 53.185 21.185 .000*
Sprayer 45.697 1 45.697 18.202 .000*
Speed 23.127 2 11.563 4.606 .012**
Volume 5.467 2 2.734 1.089 .340
Bump 24.566 2 12.283 4.893 .009*
Sprayer x Speed 944 2 472 .188 .829
Sprayer x Volume 4.760 2 2.380 .948 391
Sprayer x Bump 1.183 2 501 .236 791
Speed x VVolume 2.662 4 .666 .265 .900
Speed x Bump 4.204 4 1.051 419 795
Volume x Bump 8.659 4 2.165 .862 489
Sprayer x Speed x Volume 1.298 4 .325 129 971
Sprayer x Speed x Bump 2.556 4 .639 .255 .906
Sprayer x Volume x Bump 4.299 4 1.075 428 .788
Speed x Volume x Bump 4.274 8 534 213 .988
Sprayer x Speed x Volume x Bump 5.732 8 716 .285 970
Error 271.135 108 2511

Total 3143.140 162

* Significant at 99% probability level
**Significant at 95% probability level
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Fig.12. The marginal means of vertical acceleration for the sprayer (m.s) on the different bumps heights (A), different
boom's speeds (B) and the different reservoir volumes (C)
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Table 4- Univariate Experiments on angle of boom Sprayers
Source Sum of squares df Mean square F Sig.
Model 1240.618° 54 22.974 18.451 .000*
Sprayer 18.087 1 18.087 14,526 .000*
Speed 10.521 2 5.261 4225 .017**
Volume 2.739 2 1.370 1100 .337
Bump 12.047 2 6.024 4.838 .010*
Sprayer * Speed 2.071 2 1.035 .832 438
Sprayer * Volume 1.056 2 .528 424 .655
Sprayer * Bump .356 2 178 143 .867
Speed * Volume 1.779 4 445 .357 .839
Speed * Bump 2.160 4 .540 434 784
Volume * Bump 2.852 4 713 573 .683
Sprayer * Speed * Volume .554 4 .138 JA11 978
Sprayer * Speed * Bump .533 4 133 107 .980
Sprayer * Volume * Bump 2.046 4 511 411 .801
Speed * Volume * Bump 6.649 8 .831 .668 719
Sprayer * Speed * Volume * Bump 3.468 8 434 .348 .945
Error 134.476 108 1.245
Total 1375.095 162

* Significant at 99% probability level
** Significant at 95% probability level
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Introduction

According to reports on trends in the agricultural industry, demand for more precise and affordable

machinery is rising and precision farming methods used by farmers are expanding. Damping vibration of the
boom sprayer is one of the challenges for researchers when crossing the surface roughness. The lack of
uniformity of the nozzle spray pattern and the reduction of the precision and quality is the result of an
uncontrolled vibration of the boom sprayer. So far, many efforts have been made to decrease the vibration of the
long sprayer boom. Using active and passive methods, researchers have achieved great success in reducing the
spray boom vibration. Many of these methods are based on the use of external force as a controlling force.
Expensive equipment, the use of tractor hydraulic power, and high energy costs are the main disadvantages of
these methods. In the present work, a new system called "variable support™ was designed and built. The boom
rests on a round bar at its midpoint; as the boom tends to oscillate, a minute amount of rotation of the bar
activated by a servomotor in an appropriate direction, alters the position of the resting point of the boom on the
supporting bar, bringing the boom back to its initial balanced position as a result.

Materials and Methods

To carry out experiments, the universal tractor U650 and a mounted tractor sprayer model tms500 with 8 m
boom and a 500-liter tank, was used in this research by making changes to the design of the simple tractor
sprayer a new active sprayer designed and built with intelligent online balancing system that in addition to
balancing the boom angle, it reduced the fluctuations that occur during work. Electronic control was used to
control the position of the boom. The microcontroller programming codes were developed and uploaded in the
microprocessor to execute instantaneous commands to the mounted activator due to the need for boom positional
data for analyzing experiments, a data logger was also designed in conjunction with the controller circuit and the
algorithm was loaded after coding with C™*. To compare the new sprayer with the conventional, a field test was
conducted. Tests were carried out according to manufacturer's instructions at three-speed levels of 3 (low), 5
(medium), and 8 km h™* (high), with three bumps heights of 10, 15, and 20 cm with three replications. For the
acquisition of vertical acceleration as well as axial rotation data in the conventional sprayer, a data logger with
an accelerometer and gyroscope was used. The data logging rate and the accuracy of the accelerometer and
gyroscope measurement were set to 50 Hz, 0.1 m s and 0.1°, respectively.

Results and Discussion

To compare the behavior of the active and the conventional spray booms in terms of vibrations, the univariate
analysis was used. The results showed that there was a significant difference between the performances of two
sprayers at 5% probability level with the sig. number of 0.000.

To compare the behavior of the active and the conventional spray booms in terms of axial rotation, also the
Univariate analysis was used. The results showed that there was significant difference between the performances
of two sprayers at 5% probability level with the sig. number of 0.000. Also, comparing the marginal mean values
of the data obtained from the data logger showed that the active boom compared with the conventional boom had
less axial rotation and less vertical acceleration.

Conclusions

Results of experiments showed that the new sprayer with variable support system, relative to the
conventional sprayer in terms of controlling boom acceleration and the angular balance of the boom with a
significant difference had relative superiority and can be considered as an appropriate alternative to increase the
accuracy of spraying, although more research on large scale booms are necessary before coming to final
conclusion.
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