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Design and Dynamic Analysis of Spray Device for
Paddy Field Sprayer

WANG Jinwu BAI Haichao SUN Xiaobo WANG Jinlong TANG Han ZHOU Wengqi
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Aiming at the problems of complicated folding and unfolding process, poor synchronous
coordination and the obvious mechanical vibration of traditional mechanical spray rod, a spraying rod
consisted of single cylinder multiple folding mechanism was designed combined with the agronomic
characteristics of paddy field plant protection in Northeast China. The structure and working principle of
the spraying rod with multiple folding mechanism were expounded and analyzed. The length of each part
was determined according to analytic method. Through orthogonal experiment and virtual simulation
technology, the effects of various types of steel pipes with different wall thicknesses on spray rod quality
and first-order natural frequency were investigated, and the results were analyzed and optimized by
Design-Expert 8. 0. 6 software. The optimization results showed that when the wall thickness of round
steel pipe, rectangular steel pipe and square steel pipe was 2 mm, 2 mm and 2 mm respectively, the mass
was 62. 85 kg, which was the lightest and the dynamic characteristic was good at this point. Its first order
natural frequency was 14. 84 Hz, which avoided the 13. 03 Hz of the pavement incentive frequency. The
finite element model of the sprayer was established by ANSYS — workbench software and the numerical
modal analysis was carried out. The first four order non-zero modal frequency and vibration mode of the
sprayer were solved, and the accuracy of the numerical model optimization results was verified by modal
test. Field experiments showed a stable performance of the machine, uniform spraying of liquid pesticide
solution, good coverage, and no obvious vibration of spraying lever during operation.
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Fig. 1 Structure diagram of paddy field sprayer
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Tab.1 Main technical parameters of plant protection

sprayer of paddy field
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Fig.3 Light and simplify knapsack folding assembly
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Fig.8 Principle diagram of modal signal testing system

A7 P o V5 ORI, Ay sl B A Y
FR BT R £ 0 Y B T B B A T . R
22 A 22 i 58 T vk, ) LA 2 O R R S
(9 25 5% o I A A B S U g S0 A T A
TR S A 1 S IR A 5 0B, L AR GIE BT A 0 A
4R 0 B Wt ERT (B AR T S A
BT ST A B RS S A A 1R 9 B, 3t 46 SR AT,
S S e AT B B B R o R B 15 Ol A
10 s .

B9 RS R R A

Fig.9  Structure model of modal test

3.2.2 WAL 2k o0 A

BB, B AR BT 52 2 7 B i/
o 7 AR R S IR B, 0 2 ) A AR e A% S A
W15 5 Lmff 2= EALHL, iz ] DASP — MAS 3 5%
T RGN AH LB I SO AR AR R 1E 5 A



76 £ Ak Bl M ¥ i

2019 4

10 B

Fig. 10  Modal test
1. AY1001 RUAN 5 B AL &4 2. LC—2D Y 4 3. INV3018C 1}Y
24 IR REAR S R GEAL BT 4. 3HSEHL 5. 2T AL BTR

M 37 155 5 Bt 984 D ki) 10 725 £ ply £

Xt IR A5 2 A F7 45 5 A0 A S AT AR
Br 1L B g% 7 53R4T 06 A5 B 0 ) 1% K A
1.15.18 35 L4/\f‘<%£ﬂﬁbn¥f“$ﬂéﬁf§,ml

AL, JIEERXT 0 ~ 500 Hz LA B AE 5 64T T A 20
Jily , o i R 4 i e 4 Hh A O ~ 300 Hz Z [a] . [&] 12
S Wi 7 A% 5 Rl A5 55 B AR o R 1AL el L R
PR 2SR 3 A3 A AR X 8] PR, 7 25 09 25 ) U
S AL B A2 A AT A SE AR IR Sl A A2 AS AR R A
I R BB SR AL R EGE T 1. A]
Ao 0 e B A I S R T AT A IR Sl
R AN W, 20 B IR O 25 G AT 20 22 ] 22

PRI AL R AL AR SR A o BRAE RS LA I
KRR & 489 BB L (ERA) SEAT B8 0L 45, %
Skl AR E B T AT W R A R
A HA L 0P RE J1 , 8 0 AR E P L R LR
175 MR L i PG 35 oK P 35 WA AN 3 AT A A6 25 2 ik A7
AR TR A T A 8 AT R 2 R B
T i g8

3‘-& LI 55335323 o ] -T--a‘&ﬁ A2
= E‘.‘,’m [ T e T

ot e EECT e REr 1 IDASPE
st [ =) | el g
mesnfitn =) e
w1 | I [ "I\ P
swoifidt =] = .l wan
T gt L — — Rl L e - ——r L
T daEal
= e k r, r__ 1 ..., -
s < o v
e = | T et
exmann B S S S Smm S T S | 4 e o i
B 4u) ik praanaeen - : mmnmua— : E“:-‘:'
H I -F—F—H g iz
smmanmfi o) i a o SR
B | fiiatiinsg e TS
snlouisnlonl | | | | .
i EOENENET l T— r A‘k
(L]
s | } T 3 e +
| D T o W LT R A A T
anwam. |
! AR l L L a2
[(mmew | ww ]| | ! ey
T wann | weman] . 0 F 3 v i . i ¥ = > > - =

& 11

W

Fig. 11 Analysis of spectra

IRp EEAND Bewmw RBN Sew
8 YT O00E v

[astpyvin ERDegn JREH DS WEAIT

Bl 12 fL 3 e R

Fig. 12 Transfer function diagram



43 4

Faml % KW YL R B B 53 i 77

3.2.3 B ERE D

K DASP — MAS 2545 7 50 Hr 2 G R 5 1 5
553 A DASP — 10 BEZ5 70 B i vh AT 25 2 4
PR, 23 Bt AT T 4 B 4 56 A8 25 0 R A AR 2, A
13 FroR o doeJa AR AS B AR 1 ) ( MAC) X 40 #r i
RS R BEAT A 3, WK 14 B, R0 /1 2k MAC
Bk 1 A X MR 4 B MAC #E/N iE 56 5
ST BRI 1) B R — S AR G, TR RS S
BT EE

it ANSYS 315 2 3 WL BEFF 19 AT 4 B [
A AR AR A IR A5 B A AT 4 BB A5 A9 8 A 450 A
RS Pim. XIERY, BN, BoRIRE N
7. 14% |45 [ [ 0t AR — B0, 158 W) Jr 2 5B A58 2 4
o HEH o

(a) 55 1H R0 (14.68 Hz)

(b} 2 5Y(20.17 Ha)

(e} SE30HRAEY (22,18 Hz)

(d) SAWTREL (30.69 Hz)
B3 BT B R R I =
Fig. 13 Cloud patterns of vibration mode of

spray rod in modal test

-
-

- - - -— -

- b and -
- - [ L=
P e B

Kl 14 BISE(E N (MAC)

Fig. 14 Modal assurance criteria

RS BRESWEREREERITLT
Tab.5 Comparison of modal analysis results

and test results

pAEIER RIS .
N mE/
Bk A ) R 56 4 B
i 4 PR A %
K /Hz K /Hz

1 14.84  Jisafh 14.68 R -1.09
2 18.73 A5l + % 20.17  Ah + HE 7,14
3 22.99  E{RIEE 22.18 E{k¥EE -3.65
4 29.21 RIS 30.69 (KA 4.82

4 HIEEREIKE

DR R B T B T AR A A SR AT e AT S
PRV TERE , WFFE 5 B A WE AR S 50T Sk, 45 3 BiE
o3t 55 7 OB ADL BE A7 AT R i U], DA B AT
1% K 2 D RE 8l ) i 4 A AT I )ik . 7
2018 47 7 22 H A B I 1148 W /R 5 OB 2 il g8 2k
Mo EAT P ] P RE I, AN & 1S B o

1S a5 A
Fig. 15
JK PR EE A B A Y BT R BE 150 ~ 180 mm, 7K
JZRBE 30 mm, PRBE O 25 ~ 33°C, Kl 1.6 ~
3.0 m/s, KAF B B 25 5 B Dy 650 mm, 47
300 mm , Bk P 12 mm , 25 % S5 05 R R
Fi BEONY /T 1925—2010  #£ FH W8 #T 15 55 AL 5T i
PEMN B AR ) X 7K 8 55 AL 8% 55 14 de 1547 00 3k
R BB % TR 79 35 2 0.3 MPa, BT 1 b 18 75
JE 2 500 mm , SR A AR RN 55 T CHE £ 4 ) X g Sk g
Z5 i Y 50 RV AT W85 55 o 35 5 Pk BEAT I, AR T
OLF AT 5 R A, BE O (6 3 Ul 3
JER 1.25 m/s W55 [ 7] R 0. 3 MPa, WE 4T 85 4 4 5

Field experiment



78 &k Pl M ¥

20109 4

29 500 mm , X P0FR A B A0 MR AT I, g
50, Bl WO S48, 50 45 R 3R B oK H 55 HLAE
b B 200 it X AT, A M AT 5 WEAT G B B PR
Bl R LA 1 8 /DN 5 I Sk e 55 R R R
B TR 55 o AR SR B U R AR R R R0
F2.55% 13.61% 1 31.24% , ¥ /N F [ & 5 1
2K WS 55 ML A WE 55 1 g W R K A R A 2

5 it

(D) Beit 17— M a4 02 X4 B BT BN,
X HZ A B MR AT | Jg L e v T Sk 2 S B 3 AF
PEAT T A BT S 5 BACE, RUE 1 W5 19 2 A
SRS RE P A P (] 1 56 TiE B 55 Ok ) A% 0
K EBARIEFRER

(2) i i ik i g 1 AT 22 I B HLAL 25 58 2
PRI FE LS AL b, DA A 52 BE D 2 i TR 3%, Joi A
55 1 B [ A R O B 4R AR, SR AR 8L IE S8 g T
VRIS T R 5 48 b 18] B B0 B R 58 ] Design-
Expert 8. 0. 6 B {FXHAR AT R AT, K2 H
PR BARAL Y 5 vk i S T ARAC BT . 2R, 2
152 9 A R D2 R TR R A R TR 7 A RE JRE 35 O 2
2.2 mm W, TR B e L 2l 25 R R R AL, R R
62.85 kg, %% 1 [r[# 4G 45K &y 14. 84 Hz,

(3) #Sr T WA B9 A BRI BE B, 32 A ANSYS —
workbench SR H BT A9 R 4 B B2 BR AR AL,
K 25 A 22 B 5 ik IR AT 1 0 R D A S
Ko am e MRS 5 0 00 B 45 2R B X FLER B,
HR N, e RIRZE N T 14% , 45 B B B A B A
— B R T RUE AR R HERR

2 £ x #

ZEEAE 0 225 R A KRR DI BOR PF R i e [J/0L] . Ak ML 2= 4k ,2018,49(5) .1 -20.
LI Zehua, MA Xu,LI Xiuhao, et al. Research progress of rice transplanting mechanization[ J/OL]. Transactions of the Chinese
Society for Agricultural Machinery, 2018 ,49(5) : 1 =20. http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_
no =20180501 &flag = 1&journal_id = jesam. DOI.10.6041/j. issn. 1000-1298.2018.05.001. (in Chinese)

Improving agricultural mechanization level to promote agricultural sustainable

MA Xu, LI Zehua, LIANG Zhongwei, et al. Current situation and trend of development of rice planting mechanization research

G &, ENE L BFE,F. 3WGZ - 500 RIS HLO LT 55 R o it 5IK8R [1/0L]. LA =% ,2016,47(7) :21 -27.

JIN Xin, DONG Xiang, YANG Xuejun, et al. Design and experiment of target spraying system of 3WGZ — 500 sprayer[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (7): 21 —27. http: / www. jesam. org/jcsam/ch/
reader/view_abstract. aspx? file_no =20160704 &flag = 1 &journal_id = jesam. DOI:10. 6041/j. issn. 1000-1298.2016. 07. 004.

RIRF) ] 2 25 #8 , 45 BTRT =08 25 HIL25 3 U7 1] A 08 25 W LA M IR AT 2 [T ). ARl AR 2441 ,2006,22(6) : 96 —99.

SONG Jianli, HE Xiongkui, YANG Xueling, et al. Influence of nozzle orientation on spray deposits[ J]. Transactions of the

Dynamic characteristic analysis of boom for wide sprayer with different exciting sources [ J].

WU Xiuheng, QIN Jiahao,DU Yuefeng, et al. Experiments of vibration control for active pneumatic suspension system in high
Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(6) . 60 -
67. http: / www. jesam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20180607 &flag = 1 &journal _id = jesam. DOI;10.

(2] ZEICBIRE, S @RI AP SR 3R vl 58 R R TT]. ol TAR 4% ,2016,32(1) : 1 - 11.
LUO Xiwen, LIAO Juan, HU Lian, et al.
development[ J]. Transactions of the CSAE, 2016, 32(1): 1 —11. (in Chinese)

(3] S, 2=ide, e, 55 36 E KR R AR ML AL 0 55 BOIR 5 & S a4 [T ] BACAR L 3 45,2014 (1) ;30 - 36.
in China[ J]. Modern Agricultural Equipment, 2014(1) : 30 —=36. (in Chinese)

[4]
(in Chinese)

[5]
CSAE, 2006, 22(6): 96 =99. (in Chinese)

(6] REFWE, M Euk. A FIEUR IR T 56 W& T 55 HUBEAT 19 3l A R 2 A [T]. Aol TR ,2012,28(4) : 39 —44.
WU Jilin, MIAO Yubin.
Transactions of the CSAE, 2012, 28(4) :39 —44. (in Chinese)

(7] BAEW, H s, 42k, 55 . 3R = /K R AE CR HUARAE 76 1 [R]85 S AH X 3R [ T]. w7 AR B, 2016 (3) : 47 - 49.

(8] RFE,ZEwM AR, 5. BB s Il 3w AR R R 5 5230 [ J/OL]. Ak UL 2% 41,2018 ,49(6) : 60 - 67.
clearance self-propelled sprayer[ J/OL].
6041/j. issn. 1000-1298.2018. 06.007. (in Chinese)

[9]

[10]

[11]

[12]

OOMS D, RUTER R, LEBEAU 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].
96(1): 29 -39.
FRARE N SR L0 RN, 2 WA s 55 AL 2R 8 A5 e M0 M S iR i 31 [ J/OL ] R ML A 41k , 2013 ,44(4) :50 - 53.
CHEN Shuren, HAN Hongyang, CHEN Gang, et al. Dynamic characteristic analysis and vibration reduction design for sprayer
frame[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(4): 50 —53. http: / www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? file _no = 20130409&flag = 1&journal _id = jesam. DOI. 10. 6041/]. issn. 1000-
1298.2013.04.009. (in Chinese)
FAE, BN RLDE, 5. Rt BT I K 1 2 D ae 3 R SBR[ )] ARl TREAE 4R ,2017,33(16) 32 - 40.

Biosystems Engineering, 2007,



#
(98

&

Fam % K HB L 52 Bt 5 3 S0 79

[13]
[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

WANG Jinwu, TANG Han,SHEN Hongguang, et al. Design and experiment of high clearance roll-waist multifunctional power
chassis for paddy field[ J]. Transactions of the CSAE, 2017, 33(16) :32 —=40. (in Chinese)

WLG. R BRI ROK H 2 Ui gl R At 55 [ D] W /R AR AL R K% ,2017.

PR, BB 5%, AT L 55 W8 S5 AL AT 45 A T R B e RO A 5l [T ] Aol #2244 ,2015,31(9) :50 - 56.

CHEN Chen, XUE Xinyu, GU Wei, et al. Experiment and structure shape and section size optimization of spray boom[ J].
Transactions of the CSAE, 2015, 31(9): 50 =56. (in Chinese)

B & wh /N BREE R LA R B BRI RT IS 55 HUIS B AT SR ISR [ T/0L ] AP AL =4 ,2014,45(10) : 74 - 77.
YANG Fangfei, HAN Xiaojin, DUAN Yaoqi, et al. Reliability experiment on high clearance boom sprayer chassis[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(10) : 74 —77. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? file_no = 20141012&flag = 1 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-1298. 2014. 10.
012. (in Chinese)

AL RSP R, BRR . JET ANSYS i RHUR S IR SR Fe T R AT (], Rl T4 H2,2013,29(2) « 37 -43.
ZHANG Lixiang, LIU Shourong, MAO Enrong, et al. Reliability analysis of agricultural machinery chassis drive axle housing
based on ANSYS [J]. Transactions of the CSAE, 2013, 29(2) : 37 —=43. (in Chinese)

I, A4 2 E R E ST A RTTES T[T S5 30 180K ,2011(2) « 42 -45.

SHEN Xiumin, DIAO Jindong, LI Jin, et al. Finite element modal analysis of car roof panel [ J]. Vehicle and Power
Technology, 2011(2) : 42 —=45. (in Chinese)

DR, TORR, BB 4. 3WZ - 700 A e 5 55 HLid S PERE /0 A [ J/0L]. Rl AL 4 ,2012,43(6) - 63 - 68.

QIU Wei, DING Weimin, SHEN Baoying, et al. Analysis on trafficability of 3WZ —700 orchard sprayer[ J/OL]. Transactions
of the Chinese Society for Agricultural Machinery, 2012, 43(6): 63 —68. http: / www. j-csam. org/jcsam/ch/reader/ view _
abstract. aspx? file_no = 20120612&flag = 1&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298. 2012. 06. 012. (in
Chinese)

ZHREN], IMUDIT, DERE 5. IS WOR LIS AL A IRTALS Z S [T]. Rk TR 274 ,2013,29(3) : 38 - 46.

LI Yaoming, SUN Pengpeng, PANG Jing, et al. Finite element mode analysis and experiment of combine harvester chassis
[J]. Transactions of the CSAE,2013, 29(3) ;38 —46. (in Chinese)

FARFERE, TR A RKURE BRI 55 B oK RN 253085 [ J/0L ). Al HLAR =4 ,2015,46(7) = 79 - 84.

WANG Jun, DONG Xiang, YAN Herong, et al. Experiment on spraying performance of air-assisted boom sprayer in corn field
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(7):79 - 84. http: // www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? file_no =20150712&flag = 1&journal _id = jesam. DOI:10. 6041/j. issn. 1000-1298.
2015.07.012. (in Chinese)

KA, R R A B AR FEABL AR T [T ] B s MOl K27 244z ,2012,36(5) = 133 - 136.
SONG Wei, ZHOU Hongping, ZHANG Huichun, et al. Performance analysis on rotating-cage spraying atomizer of biological
pesticide[ J]. Journal of Nanjing Forestry University, 2012, 36(5) : 133 —136. (in Chinese)

W3y, RIEREAR I B —RALBOT SR UF S (D], MR AR IR R ,2017.

AR A A OF, 55 ZBERAH GBI RGBT SR T]. A0l TR ,2016,32(17) .47 - 54.

XU Yanlei, BAO Jialin, FU Daping, et al. Design and experiment of variable spraying system based on multiple combined
nozzles [ J]. Transactions of the CSAE,2016,32(7) :47 —54. (in Chinese)

FER BRSO, A R B AR R R A AR S A ROT AT [T]. R R WRSE,2011(7) ¢ 50 - 53.

WANG Youcheng, YU Xinyang, CAO Wen’gang, et al. Design, static and modal analysis of a electronical car body[ J].
Developing Research, 2011(7) ;50 —53. (in Chinese)

IR A, T 5% - BT 25 UK - BP0 B e S [ M. Jbat . Jb 5t 8 TR % A , 2001

WS 4 T AR A8 WSS LTS R AE AR SURh T BT SR AEZ S SRR [ J/OL . A% ,2012,43(2) : 55 - 60.
QIU Baijing, YANG Ning, XU Xichao, et al. Ideal spray boom response extraction with front and rear tires excited by step track
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(2); 55 - 60. http; / www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? file_no =20120212&flag = 1 &journal _id = jesam. DOI:10. 6041/j. issn. 1000-1298.
2012.02.012. (in Chinese)

oo, gk KA O E SRR ST LS ST [T]. MUt ,2010,27(8) ¢ 18 -22.

GUO Rong, ZHOU Hong. Experimental modal analysis and dynamic characteristic evaluation of body-in-white of some car[ J].
Journal of Machine Design, 2010, 27(8) : 18 —=22. (in Chinese)

RIA 5 BRPRE PR, S RS AROT SRS IR [T]. RAERF M CAHRBIM) ,2011,37(4) 1493 - 496.
YU Qizhi, CHEN Danye, CHEN Yan, et al. Comparison of modal analysis for vehicle body by finite element and test[ J].
Journal of Donghua University ( Natural Science Edition) , 2011,37(4) : 493 —496. (in Chinese)

NATION H J. The design and performance of a gimbal-type mounting for sprayer booms 1. Development procedure [ J].
Journal of Agriculture Engineering Research, 1987, 36(4) : 233 - 246.

NATION H J. The design and performance of a gimbal-type mounting for sprayer booms 2. Optimization model and validation
[J]. Journal of Agriculture Engineering Research, 1987, 36(4) . 247 -260.

PATRIK K, RAMON H, JOSSE D B. Modelling the effect of passive vertical suspension on the dynamic behavior of sprayer
boom[J]. Journal of Agriculture Engineering Research, 1999, 72(3) . 217 -229.



