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Design and Test of 3WYP900 Dry Area Flax Spraying Machine
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Abstract; As an important oil crop in the north of China, the demand for flax had been increasing in
recent years. Due to drought and little rain in flax growing area, the yield reduction caused by various
diseases, insects and weeds is very serious. However, flax plant protection in arid areas was mainly
manual operation or used relatively mature spraying machinery such as wheat and corn. The 3WYP900
type of dryland beard spraying machine was designed for the current dryland beard mechanized spraying
operation with low operational efficiency, few supporting models, low degree of automation, mist on the
operator injury and other problems, which could realize remote control and skid steering. The key
components of the prototype walking steering device, spraying device, spraying rod lifting and folding
device were designed and theoretically analyzed and calculated in combination with operational
requirements. Different spray nozzle application pressure was set for spraying and spray width test, the
test results showed that when the pressure was 0. 3 MPa, a single spray nozzle coefficient of variation was
minimum ( coefficient of variation of 0. 009 6) with the best stability, and the pressure under the most
stable spray width ( spray width of 9.423 ~9.622 m). In the 0.3 MPa pressure occurred under the
number of dripping nozzle were less than 3, the maximum volume of a single nozzle was 3 drops, the total
number of drops of dripping liquid was 5, anti-drip performance was in line with national standards. At
the same time, the machine speed steering and braking flexibility, control feedback accurate and rapid,
no rollover during the test, stall, spraying interruptions and other phenomena, indicating that the basic
machine can meet the design requirements, with the relevant conditions of the field test. The research
result could provide reference for the whole mechanization of dryland flax.
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Fig.1 Diagram of whole machine structure
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Tab.1 Main parameters of machine
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Fig.2 Schematic of walking and steering devices
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Fig.3 Force analysis of steering
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Tab.2 Test results of nozzle spray dosage
& J1/MPa
55 3k 4 5
0. 10 0.15 0.20 0.25 0.30 0.35 0. 40
1 278. 60 303. 04 348. 68 385.09 417. 36 441.77 482.21
2 262. 33 296. 46 332.34 390. 33 404. 00 424.13 446. 88
3 250. 28 282. 88 320. 88 373.45 407. 45 443.57 489. 50
4 270. 84 293.37 338.18 374.27 404. 39 438.58 486. 49
5 254.61 310. 67 323.47 363. 13 408.29 447.17 492. 14
6 263. 27 295.09 332.72 377.04 404. 27 439.09 483.28
7 271. 60 295.08 333.04 373.20 408. 36 438.57 487. 39
8 264. 29 296. 00 334. 67 376.98 406. 23 439.01 488.12
9 286. 37 298.90 333.77 385. 00 404.78 443.02 484. 39
P{E /mL 266.91 296. 83 333.08 377.61 407.23 439.43 482.26
P 2%/ mL 10. 65 7.05 7.55 7.67 3.93 6. 06 12. 84
55 AR 0.0399 0.0237 0.0226 0.0203 0.009 6 0.0138 0.026 6
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Tab.3 Results of spray width test
F 41/ MP
2 JE 1/ MPa
0. 10 0.15 0.20 0.25 0.30 0.35 0. 40
IE/m 9.423 9.470 9.479 9. 520 9. 568 9. 588 9.622
PR 2/ m 0.033 1 0.3254 0.3120 0.038 8 0.2836 0.294 4 0.3375
SRR 0.486 5 0.4752 0.4539 0.4630 0.403 3 0.4211 0.4825
B Hhr 3 ) 22 vp
TWECH 5 T, B T RE AT A E R AR (A

5 it

(1) X 52 Ml JRR /I R4S B A 5 R, i T
3WYP900 7Y 52 1l 5H RIS 25 011, i T & BLOC SR R A
RYGE, IR RENUAT FE B ) 256 B W R AT T B
Y1 e B BT AT T T, S A L Z R
AT T B A M5

(2) W25 HLR FH U 56 40 37 3K 8 B 18 B8 5 1) 1) O
2, AL TS m ALAL , 32 @ T mE 25 AL AT i AR
HA T R i B D) o vk A AL vk . ELsE 24 L
M T = BE AN 12 ~ 150 em {5 [ AT 94 , 3@ FH 380 8K /D
2z S PIAT AR W A&y 1 300 18 AN TR] B B 1) 5 24 R
At HE AR, WS FF 38 S B S A A e R 4 s i 245

(3) XPAEHLIF R T W5k mi i i 00, 45 SR R W,
M1 0.3 MPa B, B A5 3k il 24 5 R T I A2 S
ZHUE /NG Bk 0,009 6 .0. 403 3, UL HAZ E 1 T W
Sk W 25 B B T HE BE 7 38, IS 24 R I S AR 5 LR
MGG T8 9. 423 ~9.622 m, & A i U W Sk ¥ H
AN 3 BN S BT R B R 3T T T TR 4L
5 i, B PEREAT G B KR

(4) R B LIRS R
TG AT R T2 5] AT A R ok R A R RN O B
G o[RBT AT BE T A S B0 TR AT R, U WAL L
WL R 3 TR ER, & B H )l 0 AR OC 4518
Je FARIE 5 4 38 2 1) 3236 F — 25 38 UE B HILAE Mk AR
R



274 | 1 R A= 2020 4
& £ X W
(1] BOTRL, 8K, TkEfh, & SRR AERIRE G T]. PEELISFIR, 2018, 39(8) : 44 —48.

[2]

[5]
(6]

[7]

[8]

[12]

(13]
[14]

[15]

[16]

[17]

[18]

WEI Wancheng, DAI Fei, ZHANG Fengwei, et al. Design of bionic harvest cutting table of flax in dry area [J]. Journal of
Chinese Agricultural Mechanization, 2018, 39(8) : 44 —48. (in Chinese)
Wk, Rz, XNEE, . SURBOR YR > 8 LT 58 [1/0L] . R AU =R, 2019, 50(8) : 140 - 147.
DAI Fei, ZHAO Wuyun, LIU Guochun, et al. Design and experiment of separating and cleaning machine for flax threshing
material[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(8); 140 — 147. http: / www. j-
csam. org/jesam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20190816&journal _id = jesam. DOI. 10. 6041/j. issn.
1000-1298.2019.08.016. (in Chinese)
WK, BRRE, RFEE, S IR B LS B 515 [J/0L]. Ak Lig-#4iz, 2020, 51(7) : 100 - 108.
DAI Fei, ZHAO Wuyun, SONG Xuefeng, et al. Parameters optimization and experiment on separating and cleaning machine for
flax threshing material[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(7) : 100 - 108. http:
// www. j-csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20200712&journal _id = jesam. DOI;10. 6041/j.
issn. 1000-1298.2020.07.012. (in Chinese)
XToHE, 8B R % T RRE LA Bt 58 (1] H E R HLIE 2+ 41 ,2019,40(12) :26 - 29.
LIU Yuanxiang, DAI Fei, ZHAO Wuyun, et al. Design and test of hand-supported flax windbreaker[ J]. Journal of Chinese
Agricultural Mechanization, 2019, 40(12) :26 —29. (in Chinese)
THER, HHE, BEE. VRS R RE B R ER M I T E R ® AL, 2009.
PUDA, SRERTL, #EWITE, &, BUFF B HLOT R BUR MOk B [ T]. HERNLL4R, 2013, 34(4) . 19 -22.
JIA Weidong, ZHANG Leijiang, YAN Mingde, et al. Current situation and development trend of boom sprayer[ J]. Journal of
Chinese Agricultural Mechanization, 2013, 34(4) . 19 -22. (in Chinese)
EAAK, WS, AR, % AU B2 ER RGBT 51 )/ OL]. RV UM, 2019, 50(2) : 123 -131.
WANG Xiangyou, HU Zhouxun, LI Xueqiang, et al. Design and experiment of multi-reflux variable spraying control system| J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(2): 123 - 131. http: / www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20190213 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.
2019.02.013. (in Chinese)
BB, f, 21, S BUFSUBISE AU o R PR E REE[J/OL]. R AL R, 2015, 46(8) : 66 ~71.
WEI Xinhua, SHAO Jing, MIAO Dandan, et al. Online control system of spray boom height and balance[ J/OL]. Transactions
of the Chinese Society for Agricultural Machinery, 2015, 46(8): 66 —71. http: / www. j-csam. org/jcsam/ch/reader/view_
abstract. aspx? flag = 1&file _no = 20150811&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298. 2015. 08. 011. (in
Chinese)
OOMS D, RUTER R, LEBAU F, et al. Impact of the horizontal movements of a sprayer boom on the longitudinal spray
distribution in field conditions[ J]. Crop Protection, 2003, 22(6) . 813 - 820.
LARDOUX Y, SINFORT C, ENFALT P, et al. Test method for boom suspension influence on spray distribution, Part I:
experimental study of pesticide application under a moving boom original research article[ J]. Biosystems Engineering, 2007,
96(1): 29 -39.
BATTE M T,ZHSANI M R. The economics of precision guidance with auto-boom control for farmer-owned agricultural sprayers
[J]. Computers and Electronics in Agriculture, 2006, 53 (1) . 28 —44.
ZAMAN Q U, ESAU T J, SCHUMANN A W, et al. Development of prototype automated variable rate sprayer for real-time spot-
application of agrochemicals in wild blueberry fields[ J]. Computers and Electronics in Agriculture, 2011, 76(2) : 175 - 182.
PRYG R . BUACHLBIERAR [ M ], dbat.: dbat 8 T K% AL ,2002.
KEW. mAEEEABENNBOTSRRID]. . LRI R, 2017.
ZHANG Juling. Design arid test of remote control spray[ D]. Hefei:Anhui Agricultural University, 2017. (in Chinese)
EWIE, BT, Blasdt. M TR s I M. Jta . BBy ol Ak, 1983.
REOCHT, e fh, IRIE Y, & RABILS S n R [T]. PUR 5W®E,2003(6) : 9 - 12.
XIONG Guangming, GONG Jiangwei, XU Zhengfei et al. Overview of research on skid-steer wheeled moile robot [ J].
Machine Tool & Hydraulics,2003(6) : 9 —12. (in Chinese)
R, SKREH, IS W ERE R RS AT (1] JLRAE BT &, 2007(3) : 24 -26.
FENG Kunlin, ZHANG Guojun, YANG Shiwen. Geometrical condition analyses of four-wheel vehicle skid-steering [ J].
Mechanical Management and Development, 2007(3) : 24 —=26. (in Chinese)
HEE, i R TR R e m AR AR AT (] LS A s s %, 2007 (4) « 22 - 24.
ZHANG Guojun, YANG Shiwen. Geometrical condition analyses of four-wheel vehicle skid-steering [ J]. Tractor & Farm
Transporter, 2007(4) : 22 —24. (in Chinese)
k. WA B BT EER S WG HLEE R AR (D], & . ILPGRME RS, 2018.
LI Taobin. Development and test of immersed even-spraying sprayer with automatic-variable-spacing[ D]. Nanchang: Jiangxi
Agricultural University, 2018. (in Chinese)
(#5307 TT)



¥ 2

FLLAE 4 SR 2 XA Gk 27 ALK R4 R g i 5l 307

[13]

[19]

[20]

[23]

IS, T o R TR/ L S 3WZ =700 B [ g AR Bl IR E 11 E 25 LLJ/OL ] Al ALK 41, 2012,43(4) 126 - 30,44,
QIU Wei, DING Weimin, WANG Xiaochan, et al. 3WZ — 700 self-propelled air-blowing orchard sprayer [ J/OL ].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(4): 26 =30, 44. http: / www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? flag = 1&file_no = 20120406 &journal _id = jesam. DOI:10. 6041/j. issn. 1000-1298.2012. 04.
006. (in Chinese)

RYSZARD H, GRZEGORZ D, WALDEMAR é, et al. Variable air assistance system for orchard sprayers, concept, design
and preliminary testing[ J]. Biosystems Engineering, 2017, 163:134 —149.

MIRANDA-FUENTES A, RODRIGUEZ-LIZANA A, GIL E, et al. Influence of liquid-volume and airflow rates on spray
application quality and homogeneity in super-intensive olive tree canopies[ J]. Science of the Total Environment, 2015, 537
250 -259.

FRISO D, BALDOIN C, PEZZI F. Mathematical modeling of the dynamics of air jet crossing the canopy of tree crops during
pesticide application[ J]. Applied Mathematical Sciences, 2015, 9:1281 - 1296.

SALCEDO R, GARCERA C, GRANELL R, et al. Description of the airflow produced by an air-assisted sprayer during
pesticide applications to citrus[ J]. Spanish Journal of Agricultural Research,2015,13:1 - 15.

AT, BEUS I BV, 45 B TR R RN T B = AR E S BN R (T ] Aol TR, 2010, 26(11) : 204 -208.

YU Long, HONG Tiansheng, ZHAO Zuoxi, et al. 3D-reconstruction and volume measurement of fruit tree canopy based on
ultrasonic sensors[ J|. Transactions of the CSAE, 2010, 26(11); 204 —208. (in Chinese)
R, TR, A R S R AR RN SR BRI [T]. R HLEWESE, 2016, 38(2): 1 -5.

LI Hanzhe, ZHAT Changyuan, ZHANG Bo, et al. Status analysis of orchard spray target detection technology[ J]. Journal of
Agricultural Mechanization Research, 2016, 38(2): 1 - 5. (in Chinese)

XIFR, a7, B, % T LR RE M RW SR E B REFIELI/OL]. RALPLH AR, 2018, 49 (1%
T|) . 347 -353,359.

LIU Limin, WANG Jinyu, MAO Wenhua, et al. Canopy information acquisition method of fruit trees based on fused sensor
array[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 ( Supp. ) :347 - 353,359. http: //
www. j-csam. org/jesam/ch/reader/view _abstract. aspx? flag = 1 &file _no = 2018s046&journal _id = jesam. DOI; 10. 6041/j.
issn. 1000-1298.2018. S0.046. (in Chinese)

XUHR R SRIGEHE , AR, 45, 275 B gl HERGE B 55 1K B B S5 [T]. TR A4, 2019, 47(13) : 260 -263.
LIU Limin, ZHANG Xiaohui, SHI Guangzhi, et al. Design and test of polymorphic automatic target air-blast spray test-bed
[J]. Jiangsu Agricultural Sciences, 2019, 47(13);: 260 —263. (in Chinese)

FLLAE X PR TR 5. THT DR VIR 25 ) SRR SR AR ARAEZR TH S5 7E [/ OL L RO AI , 2019, 50(7) « 120 ~ 129.

JIANG Honghua, LIU Limin, ZHANG Xiaohui, et al. Online calculation method of fruit trees canopy volume for precision
spray[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(7) : 120 = 129. http: / www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? flag = 1&file _no = 20190712&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-
1298.2019.07.012. (in Chinese)

ZLLAE, NS IR A A B R B S RGBS HLIF T LT/OL ). AL ALK A 4R, 2016, 47 (4 7) : 189 -
195.

JIANG Honghua, BAI Peng, LIU Limin, et al. Caterpillar self-propelled and air-assisted orchard sprayer with automatic target
spray system[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 ( Supp. ) : 189 = 195. http: //
www. j-csam. org/jesam/ch/reader/view _abstract. aspx? flag = 1 &file_no = 20165029 &journal _id = jesam. DOI; 10. 6041/j.
issn. 1000-1298.2016. SO. 029. (in Chinese)

(L#EE 274 ,0)

(20]

[21]

[22]

[23]

[24]

[25]

rhAe N R I ] 5% 0T M A 6 A 8 R, v R [ AR AL A B B 2%, GB/T 24677.2—2009 AT 5% 25 AL 1K 5% Jr
OS] dbnt: o EARE S A, 2009.

FAEC, A BB A B PO S B RE S [T]. KRBT, 2016, 38(7) @ 162 - 166.

WANG Jiawen, YANG Zidong. Design and experimental research on automatic levelling boom sprayer [ J]. Journal of
Agricultural Mechanization Research, 2016, 38(7): 162 —166. (in Chinese)

EE, HEM, IR, BT ABAQUS EhAIRRE R O AL B RIS ST LI]. AR, 2016, 23(6): 3 -4.
WANG Kaipo, FANG Chunwei, SUN Guangbin, et al. Modal analysis of drum system for horizontal screw centrifuge by
ABAQUS[J]. Petrochemical Industry Technology, 2016, 23(6) : 3 —4. (in Chinese)

rhrie B SR [ 52 B A A I A 5 B R, b [ [ R bR AL B PR 51 2x. GB/T 17997—2008 4% 25 15 55 AL (#% ) H 7]
AR ROBE BRI (ST dbat: P EARHE S iRAL, 2008.

FERWE, B, K. AREER IR Z AT B LI O [ T]. ARk, 2017(5) : 71 -72.

WANG Shengyan, YANG Baisong, FANG Xin. Experimental study on low drift and low dose sprayer [ J]. Modernizing
Agriculture, 2017(5) : 71 =72. (in Chinese)

R, MW, EAEA, S BB ZGHLBOTH SRS [T]. KPR, 2018, 40(8) : 118 - 123.

LI Kun, FU Yaping, WANG Weiquan, et al. Design and experimental research of the small sprayer [ J]. Journal of
Agricultural Mechanization Research, 2018, 40(8): 118 - 123. (in Chinese)



