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Abstract; The spray boom of the existing large boom sprayer mostly adopts traditional truss structure.
With the increase of spray boom length, the quality of the whole machine is increased accordingly, which
is prone to the problem of car trap. At the same time, The balance control of spray boom is more
difficult, which reduces the reliability and convenience of the whole machine. Especially in paddy field
spraying operation, the function of large boom sprayer is greatly limited. Aiming at the problems of the
spray boom in the traditional truss structure, a kind of rotors hovering spray boom was proposed. The
advantages of high endurance of ground machinery, large load and flexible operation of unmanned aerial

vehicles were combined. An automatic leveling control system was designed to keep the spray boom level
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during spraying operation. Firstly, the automatic leveling control system was identified and modeled. The
research of automatic leveling control algorithm of rotors hovering spray boom was carried out by using the
method of “gyroscope and lidar”. It included simulation test, bench test and field test. The experimental
results showed that the fuzzy PID control algorithm based on the fusion of two sensors was better than the
angle PID control algorithm based on the single sensor. It can avoid instability state better. In the field
test, when the spray boom entered the stable state, the average height of each point above the ground of
the whole spray boom was ranged from 1.4 m to 1.5 m, and the maximum standard deviation was
0.102 7 m. The variation coefficient of the mean height of each point of the spray boom collected at 10
different moments was 1.40% , indicating that the hovering height of the spray boom was stable. The
research verified the feasibility of the rotors hovering spray boom and provided reference for the prototype
development of the rotors hovering spray boom sprayer.

Key words: rotors hovering spray boom; boom sprayer; automatic adjustment; PID control; fuzzy control
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Fig.3 Schematic of automatic leveling control system
1.3 BEEBEEABEFZHSW

W AT H o T 2F 4 7 A (T AR 7 )
HLMLJAE TG ) LU HL AL 2R AR 2 A, AT AR 5
B 10 799 2 m (9 5 88 2, O 8 1ALl A 0 A 0%
2 5 B A AILRN 2 8 Ok W B A3 0 R AE AT
B AL E . A BT E A Bl 5 10 A B, 2 A A
[e] B, (I 5 L Fy Sz 411 7 9 79 A Tl AT
NS BR 2 WG o FEHAR T B I R A A B B 4 B
Ro Hh O HESHE - Ir GBIEA A RE 1,
2T E WAL M, Moy RN T 2 T E
Ji¥E .

M

2

I
e

B4 AR 7 A5 i ) S 40 i

Fig.4 Torque analysis diagram of adjacent square tubes

W KT 152 71 43 B AT feifk I8l 5, o B D
FOH %52 fii3 .4 fil5.6 f17.8 19 W)
HEARAE T MR I Fy F, JFy JFy (F 3 3R 5 1
234567 M 8.9 MI0EHERET S
ORI

FE T AR AR o, iR T 32 20 o i B AL 3, 55 5
MR = AR AR WA 5 2 5t i 5 BT ) TR
X h

5 =" (1)
mla
fi= 2
o, SR ke m’
F,——HtEH,N
m——WFF UL, ke

I—— WK B m
£ S rad/s°

R A 38 6 0 5 30 e T B R L R ek
JiE ARAR (1) L (2) AT 5 3 15 404.3 kg-m”,
EPE S S 114 N J& T B R 42 6 10 30 5 3 L,
3 2 S s B A A 8 Y R AL S, S T T 9
o BRI, TE AN T BT ER B Ak R e, T LA 220 1

a



12

JRl A A . WU I SE AL BRI AT A B IR P R R SR 73

AT AN SF- 77 AR B BEAIL HIE 3l 17 Sk 1 52 0

¢
F5 W3 120 1

Fig.5 Spray boom force analysis diagram

HiFEL 5 Al
(F +F,+F,+F, +F,)sinp —F_=0 (3)
(Fy+F,+F, +F, +F;)cosp +F -G=0 (4)

1 3 5 7 9
(TFI +7F2 +7F3 +7F4 +7

F, ))\ —%GLcosgp =0
(5)
A F—5% 1 M2 S ERET IS I, N
F,——5% 3 M4 SO & ¥ I ea 1, N
F,—3 5 M6 SO e I 1471, N
F,—5%7 F 8 Sy & e FE I i 1, N
Fs—"55 9 W10 S I8 3R TF & J1 N
F——% 5 BT AR ) /7, N
F —— 5 By X R il 1 g, N
C— T2 ® ) N
o WA LK A, (°)
A——FIRB P 7 K, m
H b3 o3 Ay AT A, 2% 2 31 B DR R E ) A
MF =F,=F,=F, =F, Iif,F, = Gsingcosep, F =

. 1
Gsmch,Fl =F,=F,=F,=F, =?Gcos¢o

2 BXAFEHREHRSEE

2.1 ZERIEFREYBEYER
AR FH 5% B EA60 — 170KV G i B 75 B ML,
R K g e s A AT A5 R T R

LR 6
u, =L +i,R, +e, (6)
Hr e,=K,n (7)

LF w,

lfL

FRL X P9 i 114 B AR, V
RLAX LTI, A
e, R B H, V
L—— RS 41 HLR, H
R,— X SEA LB, Q
K,—— s HLS L B 3 R 8
HLBIL A % T, 1/
h ey HL AL AR ST ) S8 R B B BR T LR
i, 3 5 5 A 7 A A e ALz 3 07

n

d
Ig—nzja%+&n (8)

Hrp T, =K,i, (9)
A J—H TR kg m’
T,——HL i 4 ,N-m
T,——H L ,N-m
K,—— LI R B
B, —— Rl it B R L
Hy T 5% 8 EA60 — 170KV 75 il B 3% i LK /s
RV AL, AT DL 22 W U R B R AL B, WS M, X
2 (6) . (8) fEHL FCAE e ] 15

1
L, R, 10
u —e sk (10)
“ @1 +—
R(l
n 1
=— 11
T,-T, sJ ()

ARSCRH PWM A5 5 8 7 B AKX L R e, , R 48 SC
BRL 19 —20 ] AT, 22 W FEL I 1) SEE ), PW M ZE 46 28 A
fai 4k
u, =dK, (12)
K d—PWM (8 5251
K,——PWM {55 (545 o 55 HUAK e F A 48 R 5L
(7). (9) L (11)  (12) AT il — A 11
TS0 P A — B s il R B, K ST A5 S B AL ST PWM
ERCASEl AL Uk &)

=|

_n(s) .
IO R 3 R S S

KK, R TKkK"T

i f 2o 21 B AT AL S S 0 S5 WERT A B 0 LU

Ko W AT BE 56 )2 5 B b Z ) 6 &[] B A% PWM

BT A L K R A i R K, s AR A AL

T, 45 8] 9% 85 HLR A e S 55 RA

A (13) 0] 15 PWM 55 5 25 L 5 WEFF A1 B2 0 Fl s AT
56 2 R b A% 3 PR B A R

1.36

G (s) = 14

() =B s0. 0155 v0.001 )
]

G,(s) (15)

70.355" +0. 0125 +0. 001
2.2 BMEREEPIDEHER

fE5e iy PID 4 i 530 vk A 46 7 & =0 3 & =0
b, AR SR 1 25X PID B3k | B8R 45 ol 4 1) i o
PR A A 38 B Aw, 40, B HEL PID ik h

5
d, =K,e, +K, 2 ¢ +K (e, —e, ) (16)
=

_H_

T
K =K, (17)



74 Kok BB ¥ IR 20224
T, R 1 ARSI
K, =K, T (18) Tab.1 Fuzzy control rule
R d, 45k YRR 4 B PWM {5 5 E 2
25 b NB NM NS ZE PS PM  PB
K —— Wil 5 5 N NB NS PM PB PM NS NB
K e NM  NB  NM PS PB PS NM  NB
NS NB NM ZE PM  ZE NM  NB
K, [EEIES JE NB NM  ZE  ZE  ZE NM  NB
e, 5k R K 25 PS NB NM ZE PM  ZE NM  NB
T SRAEIFE] s PM NB NM  PS PB PS NM NB
T, TR0 INF 6] 5 %5 PB NB NS PM PB PM NS NB
T —— BRI

A1 3 (16) 32 4754 10 2 PID 2 5k 2~ 00

Au, =u, —u,_, =

e, —2e, , +e,_
Kp(ek—ek_] +lek+T(,—L ol 4 z) (19)

T T

2.3 WERBFRMEMNEM PID =& &

B F i3 B R AR, T B 2%, A
SEMERE A, B — A% TR PID 45 il 5 X T Ao i) 07 3ok J3E
PRGBS P TR Iy p R . BRI, R RS 1
Bk RG i E PID R PID Y EdE o 47 B 45
Hil BORIE RGO R
W% T B e 2 ) R B O 22 BRI A B i 22 A AL R E AR
M = PID R PID FYALE L R Q 1R
B o AR R MERE B Sh P A R PO TR Ik R R R
i 8 RO T W AT B e R Y v B A 25 R - 0.3 ~
0.3 m, ffi B 2ZEARIL RN -0.15 ~0.15(°) /s, A
I, B BER 25 E OFAR S 22 A8 AR B SRR IR
AR -0.3,0.3]m FI[ —0.15,0.15](°)/s;
i Q WREASIE BN [0, 1] o B i AR Ha H )
NI AR [ - 0.3,0.3 ], W&y B w25 £ R AR B2
fZEZEE, MR BEF 05k K, =1 K, =2;
i Q MELIRF R K, =0. 6, R0 fr 548
T4 % {NB,NM,NS,ZE,PS,PM,PB| , 5 jil £/~ 71
KB N BRI IE IR K A B S
Ja& B R R FH = AT sRE, AR T ASORE 0 00 1 — i
Bt IR0 20 Rl R oK R B, A5 B QA AR 4
RN AN 1 R o AR SORTR 2 i #2500 1k R H
FOE A [ R R T BT 7R R R E A
R EQ, TR PWM {55 (5 23 Lok 3 il fa AL
ot AL, SIS TP A ) P A
3 R
3.1 RWAHE
.11 fiEiE

£ Matlab/Simulink £5 5 v g 57 ff FOAE AL, 4% i
PID 42 il f5e (o 2 K, 45 ) 07 O 2 Al 6 iz

i

oy — fApEPIDR
35t T

25

i 20F
& 154
1ot
0.5}

0 5 10 15 20 25 30

FisfA)/s

2.0r

18t u — R BEPIDF ]

L6} ~ e PN

Tap---f Yoo

s12p ) !

B 1.0F

iy 0.8+
0.6t
041
02t

0 é' ‘ 51‘0 ll5 Zb 2‘5 36
Hif1A)/s
Bl 6 HfEIRET PID 44 il 7 45 R

Fig. 6 Simulation results of single sensor PID control

Kb e, o B TRIFIRL, ¢ i RS 25 59 98 9 i 1E] (T
M AT, I & 4 PID 24 2 ) A B 77 AR
TWo WL, 48 WAL L I iR T AR 2 W A5G
FY 45 B4 ) B R RS S R 25 AE = 10% DL BT S
TR ), M, Sk T B ST S A 4 o R ) 2, 5
TIEARCRY] 428 1] 550 125 5 7 o A% RS S0 O AT A1
3.1.2 PIRREERIS L G AR XTI

PEHEL 20 m WEFF, HEAT S ZH A PID 45 ) 53 25 7
KA I Fil A O EM PID 42 il 530 0K 19 65 R0 HE ik
B, Jm oA 5 A BE SR A A H A EE A4 WS 2K 3R
PID #% 5 2 B A R 5 TR] i 23 A JOL 57 2 i
JRE A I 137 T 2% e 2k AR R ) B AT AR S S
PV TF RS A A I E] ) X B b 42 o) 550 125 PR o
3.1.3 WK B AR E M A E

R BIEE A B AR B A R AU X AT K P B AR,
TEPER R, SR S A e M1 iz gl AR BLIC 5% s
FREGE IS AT 4.8 (12,16 .20 m {3 & 4b 1) i 2, 5 B
Us jesg— I, SR 2 e 10 4> AN [a] i 24 5 AT 25 5
0 s PEAH O o 38 0 0 B () — IRF 220 2% i 8 (L 1) s o



12

JRl A A . WU I SE AL BRI AT A B IR P R R SR 75

28 BRI B K FBE 23 B 10 AN [7) I 220 W A 25 55
e (L 722 S 2R 50 R s A 18 R 1
3.2 (FERK
3.2.1 PID #=HS5H%E

AR 4l AT S ST %) TR L I R AL R A A R i 1
S £ 36 o8 %, 7F Matlab [ Simulink 45 He b 2 57
PID 5 4H] 22 45 1 45 B0 K AT A0 86 37 1
1 RE i BE A SR O e AR O LR R b A
JE R R R O R At o, R Ak PID 458 4 55 3k A B 4 ol
TC i B AL ) B S A S B A Y ok R e L 4
FRAE G0 e 0 R K K e iy R R R
{ERR ) Bt 23 B 2 15 K, 3 K ] R B2 3R
GEATaE s B R EOCE P R GRS B, K B0
P R B Ry (E 23380 2R G I R T OB o) R R
S We) ] 1 IS 8] [a) i 52 e 23 %) fR B2 PID
Al BE PID R4 22 0 45 B I, v JL 20 D 295 2R
M2 Fim.

#2 PIDEHSHETE

Tab.2 PID control parameter settings

ETbati AR MR

R Ko kar ke t/s AR s M,
0.2/0.0003/0. 15 2.79 8.74 0.97°
ffi BE PID 0.2/0.0003/0.2 3.52 5.84 0. 66°
0.3/0.0003/0.2 2.45 7.51 0. 85°
0.12/0.000 1/0. 12 3.39 12.08 0.44 m
B EE PID  0.12/0.000 1/0. 18 4.91 8.77 0.22 m
0. 18/0.000 1/0. 18 2.89 9. 82 0.34 m

22 AT LUE 24 A PID Rl B PID By 4%
HBEK, K, K, 4351 0.2.,0.0003.0.2 f10. 12,
0.000 1.,0. 18 HJ, i A F 285 () I8 47 Bsf ) 4 el 68 o)
BN A e A R A
3.2.2 XUEEAR G B PID #4653 05 B AT

BT W AT A K, 32 B i 3 i AR b R o R
B2, B R T B SR AN AT 2 T A E PID Y AT

ki NN N S I EI N 7 N | i vl R AL
FEOR AR B A1 B2 R0 B T b A% R 2% 15 B AT Rl &
P il 2 A e £ B PID 45 46 #E B 98 W X A R0
B2z

HR 46 Hir SC & 37 i A 4% i #%5, 7E Matlab 1)
Simulink 5% e it g 37 A% B fil G (9 AOR) PID 422 1
BL O EARRL G 7 BT R . B R 25 E R
2228403 B AR SRR 1 25 1 S AR, IS4 PID
i AR bE R A Q 1R S BRI 45 ] 2% A i AR
P FUZZY Toolbox " & F & 114 1Y FIS 3 48 5 )
PR Q1 W E A W BT 9 B LA R

Py Fad AR v A L R A Q AR AR 4 T KL D)
FEEAT LB R SO 45 ) ot 1A 8 TR . A
P8 WT LA Y, 2 £ B2 22 7B Ak R B BRI, Q 8
/N, BIAR BE PID 216 o5 bb K5 4 A B i 22 A8 T B,
BN R R 2 E BRI, Q Bk, BV BE PID 45
o7 H R o P UE TSR 45 i B vk AR L P B —
e JEAs PID 42 41 v i) A R0k
3.3 A%ERAR
3.3.1 Eikit

WEFF A B IR R 4 48 T 2021 4F 10
H 30 HEERRR A K2 AR A Al fii 28 i T
BRI G PO HEAT o WA SR FH TR 0 3 3l 74 il
R AT, G A S B AN 1A 9 T, O
P JRy s L 7 10 B R o

MPU6050 7 g #8243 F 1 i 4 W5 AT 5 /K - 1 =2
6] 49 1 B, TFmini Plus B30 75 35 A T D0 4 S AT B
Hb T R, S s R B AL A S R R 5. T
WEFF RS 7 FHARIRE T & BB il A8 T |, IH R
5 21 ffy BE PID 43 i S0k X WEAT BEAT 4 0 o AEWEAT 3
71115 19 m {3 B 4 22 256 — A g SR A 5t 5 4T 72
LB AR AE 6 m Fl 16 m (947 B 4% L — MK
O T 5 DN 5t WS = B R I Sk A Ry A D R Y R

Vi =N
T E o

1/s
Furgmk, BOTRs

% kg
WAYRBK, MUY

| Au
L ::I—> iulmiml

et il o

pooor>——{ 11

R RHK, s
—ar
R FHEK, s

O t—joo>——{1]

HASE

BATE

N 136
0.4352+0.0155+0.001

139 R

1
L
0.3552+0.0125+0.001

18 BR AL

P 7 XU A Rl B AEH PID 78 1 S50 vk () AR

Fig.7 Simulation model of fuzzy PID control algorithm based on dual sensor fusion



76 Y S ]}

2022 4

//(/)/ 0.1
1ﬁ<\\/:l').2_()'l Rl
72015 -0.3 g

P8 AR s il b T

Fig. 8 Fuzzy control surface diagram

3 4 5

ICNEE R ot B e

Fig.9 Bench test of automatic leveling control system

LBSENES 2. %2658 3. J0h il
T 3 H 0F

4. WEFF 5. g

3 4 s
10 BB A R i ]

Fig. 10 Local view of key components

LBk 2 MOBEE 3L MEE 4 WIS R L
6. 3t

DLW K00 Uh o7 S 1 A R R B R R 0 s o, Mg
FEAK V-7 1) AR 3 A s BE A D H A a5 B MR SR 3L
R TR (A Sk B it o, R SO 4 o Bk il
B2 PID Ay BE PID 9 % i, FI 20 94 49 L - ) R
kit PWM {55 5 25 L5 o 428 o) v ML 5% ok, S R
WiAF R g8 A sk

I A, 2 D £ RE PID 2 Bk UG Jk
ARG BB PID 43 1 55 1 R 17 % L il
3.3.2 BB R 50

Wi LT 46 5% sh id, 1 T & 1 B - XCOM 4
0.5 s o 5% B B8 10 0O B 35 b A 2508, 53 )
75 2 7 P A () 4 o BRI 4 2R, L 1L B
7N o MEHUHT 30 s 094w 18R, A2 S A FE R A i L
S (O 3 o L5 IS7J N B OB I e 1 I <8 5o
WV 187 (8 #E 47 43 A, 45 0P A i 3 AR 4 X L
23 PR

H 720 m g AT 75 4 3 o B o A T A T v AR

Bt i
(a) £ EPIDE

LT P A o B0 v K o A 1 1) B MRS A
Fig. 11  Gyroscope data output by two control algorithms

F3 EHEEEKEBIEI

Tab.3 Comparison of control performance test data

EFefE/, SEARSHRET B/
LA . .
s B[] /s ()
155 PID 45246 4.32 16.45 1.31
UL SR AR Tl G 1Y
4.14 14.18 2.32

B PID 47

At R, £ 3 PRSI 50 H A RAH L, W
G o = 1 I o & < T 10 [ T VR 1
0.62 s, 3#F A T2 A (Y I 35 1 8] 43 50 3% fm 1 10. 61 s
F1 8. 34 s, B H 43I T 0. 65°F 1. 66°, {H &
a5 07 5 a5 RARFE — 3, Bk T Aji& PID =
B A Rtk .

TR AT E RN R K Z , itk — 0%}
P 7 AR VR B PR RE , A O TR A R Y e BE R AT
T H Bl 4 i ) 2 AR (R X e o

M 12 Ha] DLE R S 20 A B PID foph it
AT WS AT RS- 45 i B, By Hh B T B8 1K o 45 e AT 2 A
FARRAS A UG 50 00 A5 1 R AR s [R] K 31,86 s, R
FH XA I g G PO ASER PID 28 1) G803 1 47 W AT 9 °F-
P ) I, RO 4 1) S0 K R B2 PID 5 £ B PID iy
TG Y A B AL IR P PID #2550 B vk F A 4571 3E IX
TCvE HEAT AT AT B SO0 3K A9 & BE PID 45 ] 5
PR FEAE T, 5 # B2 PID 428 ) 55005 JI 2 5 il L X, ikt



12

JRl A A . WU I SE AL BRI AT A B IR P R R SR 77

CHIPTD A2 il

12 T 42 o 5 1A 2R 1) % b
Fig. 12 Comparison of instability time between two

control algorithms

o B IR 12 [ 3l 5P i 2R R R B o
3.4 HEHAE
3.4.1 gkt

HBIEFEAE A AR KT P04 B AE e AR IR Bh Y
Wi R, WS FE Bl R S A 0 A v, 2022 4R ]
F 5 B AERE R AR K 2 B W B S AT T
i B 2k v 3 M AT IS 25 AL AT 3l RSP 4 ) B vk v |
ERE . W E, KRR 2=, S RBE 69% , 1 )E
9~19C , ARAt 2 LR, X5 Bl i an & 13 FoR
(R T WEAF R 40 4K, D 1 75 55 52 2% et A 8 A B ) o
T HREM, B 13a 517 T3 Sk 3 .

n

(a) WEFFHE AR RIZ

13 HER S
Fig. 13 Field experiment
LWEFE 2.8 3hAH0L 3. = 4. FRR

IR FH A B A ) e 3 B 37 =M A 5 55 4L
FEHL,ZFEHLLL 3WP — 100 %1 [ 5 5K w5 4T 15 55 AL
N E &, mEAT SR H O RE 7 E #K i A 30 mm x
30 mm BEJE A 1.5 mm (97 & . HoA 56000 &2 15 &
A4 OB M1 iz AL & = A8 (Tl s R i
FBAFSAS B EAA) b RO 700 2 B 19 3 285 5

S ) G

A sk WA 3l S 45 I R 3h 2 3 1 A
TEMEFF 4.8 .12 .16 .20 m i B A IERT 7 5 m &b 53 5]
ST —MRBR R, [ B 78 35 JUAS 7 B _E R 5 =
R RO ML B Eh ML R =R b IR
= AR R (S 2 B RN AT 4 o R R —
0, RUEBEAE B 28 )5 128 3h A PLE Sk F s T, LA
B30 SR AT 45 J7 8 0 LS R B
3.4.2 KBRS0

L B[R] — B 2 45~ 32 sl AL A8 AT X 1 b
RO B BB 1 s ARBL— K, 15 3] 22 A K [F] s 2] i
FFE2BR e FE AT 4 B, Wl 14 F R o

P14 AN T I 20 8 A S R g R oF L

Fig. 14  Actual height line chart of spray boom at

different times

1 4 AR, S ORF R AR E RS TR, AR WA
FREEREAE 1.4 ~ 1.5 m Z[AF 5, bR 22 e K
0. 102 7 m, HABAF B KB 5 B R A 10 A
[F Fof 220 S5 T % it i 2 249 {BL A9 22 S RN 1. 40% , i3
AR AT 0 B2 R AR E PR o (B TR ER A B
F I8 A ke 5 R T T 0 5 )22 A o EL 8 2 78 T R 45 It
P, A AT Z2 0 )6 f) 2o A v, A 20K 2 1 B4
i T RO i AT B R A A B

£4 20 m AT EMAEE
Tab.4 Height of 20 m spray boom at each moment

I 2 /s HI{E/m PRUEZ/m
1 1.450 0.0883
2 1.421 0.1027
3 1. 450 0.0725
4 1. 447 0.069 5
5 1.414 0.073 2
6 1. 409 0.079 1
7 1. 466 0.0855
8 1. 468 0.083 8
9 1.432 0.095 6
10 1.438 0.094 3
s s

(1) B0 BRAT K 7R WA 58 25 AL IS AT A7 20 45 44 A7
TE AN KL, 7 i) il 3t T AL AR o 52 0 L 38 T R 2 o
TENHUAE L 35 A 32 I 3t 550 BR ) /N ) A8 A, 42 o
T — e 3 B AT o 38 A X AT 2544 1) 52 T4
O LA R P il B BB S o BT, Bt T — 4 5 B Y BEAT



78 &l #Hl

Moo 20224

Hahia P il R ge, JF 5 T ALLE - 55 R
“PEARAN + WO TR AT XU B A Rl 1 5
2, S B P B 45 ) e 3 AT b 25 e B8 1) g ik, 3 39
FF 1 Sl - P ) A kPR

(2) 7£ Matlab [ Simulink £ 3 i 73 51 Xt 1 J&
PID Fli & PID HEAT 2 BB SE | [R] I X 358 T 1 A58 4]
PERIER AT T 05 A o X BB R AT B AR g
Bk, U0 45 SRR W] R AU S 4% Rl A ASOR PID
P S5 O T AL T A R PID i B ik, nl bk

o th LR RCRAS .

(3) XFBEAT A S F i R e b AT 7 H R
BUE . IR SRR ] Y BT AR IR G AR
AT A% S B M A 1.4 ~ 1.5 m Z|0) b o 22
AKF 0.102 7 m, HAT B4 7K 5 5 T R A1) 10
A [A] B Z0 WS A A5 s B E R e R
1.40% , i BH WA B0 07 & B i A 8 PR i . AR
B UE T 3 8 v AU EAE AR 5 vk 0 T AT I, RTOh iE
07 2R W 55 DL RE ML 4R it 2 5%

The design and performance test on height gap narrow-shaped rubber crawler and wide crop protection

International Journal of Mathematical and Computational Methods,2016(1): 109 —114.

2 £ x W

[1] XINGM M, LI X G, XUE K F, et al. Three-dimensional dynamics simulation analysis of high clearance sprayer with road
excitation[ J]. Journal of Mechanical Science and Technology,2020,34(4) . 1485 —1493.

(2] e BN T, R O, % REBAFBIZILEZEX EWa R A& M S EERBITT]. R, 2020,
51(12): 130 - 141.

CUI Longfei, XUE Xinyu,LE Feixiang,et al. Adaptive robust control of active and passive pendulum suspension for large boom
sprayer| J |. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(12) ; 130 — 141. (in Chinese)

[3] JHAiE. Bt 7 TEAR IR IR A 8 K 523 5 i A it IR L i1 5 P el ae [ D). gt g mtAf 0l K3, 2013.

XING Quandao.
fertilization machine for dual-purpose in floods or droughts[ D |. Nanjing: Nanjing Agricultural University,2013. (in Chinese)

(4] farkezz. HEARVIMSELEARTIEIRELT]. R2j2¥%4M, 2019, 21(H T 1) : 921 -930.

HE Xiongkui. Research and development of crop protection machinery and chemical application technology in China [ J].
Chinese Journal of Pesticide Science,2019, 21 (Supp.1): 921 -930. (in Chinese)

[5] B %R, 5 R AERBE YUK S R S Ar L] FRAUAH, 2018 ,49 (3 7)) 189 - 198.
ZHUANG Tengfei, YANG Xuejun, DONG Xiang, et al. Research status and development trend of large self-propelled sprayer
booms[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49 (Supp. ) :189 —198. (in Chinese)

(6] FvER, TERULEEHT %, BIEILBIAT 45 AT e BUR R B [T]. RHLLHFTT, 2017,39(11) :246 - 250.

QIAO Baiyu,DING Suming,XUE Xinyu,et al. The research status and prospects on the structure of spray boom[ J]. Journal of
Agricultral Mechanization Research,2017,39(11) ;246 —250. (in Chinese)

(7] =P VPRR. 56T RAUE S FIPFAD J7 i e S5 ML AR B i AL 03T [T ). MLARGRET S5 5, 2017,33(2) 108 - 112.
YUAN Shouli, XU Shuo. Lightweight design for frame for boom sprayer based on sensitivity analysis and evaluation methods[ J].
Machine Design & Research, 2017,33(2) :108 —112. (in Chinese)

[8] JAGHL, = 0E, PR, B EUKREHARILIR 5L REH[T]. T ARR A, 2014,41(15) :178 - 183.

ZHOU Zhiyan,YUAN Wang, CHEN Shengde. Current status and future directions of rice plant protection machinery in China
[J]. Guangdong Agricultural Science,2014,41(15) :178 - 183. (in Chinese)

(9] SHLLHH, BRI BREEHE, 5. HLEh AT Z AL I R AL i [T ] Rl TAR2# 4, 2013,29(3) :47 - 53.

HAN Hongyang, CHEN Shuren, SHAO Jingshi, et al. Lightweight design of chassis frame for motor boom sprayer [ J].
Transactions of the CSAE, 2013,29(3) :47 —53. (in Chinese)
[10]  BR/R, B8, WA, 5. W2 AL 45 40 T2 R S B0E RTS8 [ 1], Rk TR 244k, 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)

[11] TUDOSE L, STANESCU C, SOBESTER A. Improving machine dynamics via geometry optimization [ J]. Structural and
Multidisciplinary Optimization,2011, 44(4) . 547 - 558.

[12] CUILF, MAO H P, XUE X Y. Hydraulic-drive roll movement control of a spray boom using adaptive robust control strategy
[J]. Advances in Mechanical Engineering,2019,11(2) : 2072051589.

[13] CUILF, XUE XY, LE F X, et al. Design and experiment of electro hydraulic active suspension for controlling the rolling
motion of spray boom[ J]. International Journal of Agricultural and Biological Engineering,2019,12(4) . 72 - 81.
[14]  Zpl. SRR ESHMIREHRMRID]. FRE ALK, 2018.
CATI Wei. Study on active vibration suppression control of wide spray arm[ D]. Qinhuangdao:Yanshan University, 2018. (in
Chinese)

[15] LEONARDO PINTO DE M, SERGI O A D, RAFAEL VIEIRA DE S, et al. Suspension system in a spray boom using a
fractional PID controller[ J].

[16]

ANTHONIS J, AUDENAERT J, RAMON H. Design optimisation for the vertical suspension of a crop sprayer boom[ J].



512 1) JRl A A . WU I SE AL BRI AT A B IR P R R SR 79

[17]

[18]

[21]

[22]

[25]

[26]

[27]

[28]

[29]

[31]

[32]

Biosystems Engineering,2005, 90(2) . 153 - 160.

X% e AR T, TG, A R AR DU B TRAT R OB PID #EI [ T]. Aol TARZER, 2015,31(1) .71 - 77.

LIU Haopeng, LONG Changjiang, WAN Peng, et al. Fuzzy self-adjusting proportion integration differentiation for eppo
quadrocopter[ J]. Transactions of the CSAE, 2015,31(1) :71 —=77. (in Chinese)

I & U DU e R AT S AR U R R R SE (D] MR M R LAl KA, 2015.

QI Lei. Control technology research on the nacelletilting stage of quad tilt rotor aircraft [ D]. Harbin: Harbin Institute of
Technology, 2015. (in Chinese)

0GB 4 g, XV HE A E om0 AR O g i SR 5 07 i (1] AR R ARk (AR BEE R L 2020,
41(1): 89 -94.

SHI Jiashun,DONG Jinlong, LIU Cong, et al. Control strategy and method for variable polishing force adapting to the 5-axis
machining trajectory[ J]. Journal of Northeastern University ( Natural Science) , 2020,41(1) :89 —94. (in Chinese)

PR AKGESEERE. AV S EOR A B E TR B LR AT R LT]. B R (A ARBE =R , 2014,
41(5) . 71 -178.

LI Mengqiu, WANG Liang, HUANG Qing, et al. Brushless DC motor control based on fuzzy self-tuning of active-disturbance
rejection parameters[ J]. Journal of Hunan University ( Natural Science) , 2014,41(5) :71 —=78. (in Chinese)

FREE. DUE ST ML EK ) P PR S AR R S R AT SE [ D] I T EOR A, 2016.

WANG Ziteng. Research on the attitude stability of the four rotor UAV driver[ D]. Yinchuan:Ningxia University, 2016. (in
Chinese)

HOTA. BT DO BE S RAT AR S I A SRR PE [ D] m oAt RS AL R KA, 2013.

SHEN Shanying. Modelling based on experiment and control technology of an oblique cross quadrotor[ D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2013. (in Chinese)

WA, WA, E2AS,SF B BRESA LHEE PID A H RE Bt S KR IT]. Rl TRk, 2018,
34(11):68 -77.

HAN Bao,YANG Ya’nan, WANG Hongwei, et al. Design of PID automatic control system for depth into earth of intra-row
weeding components and its bench experiment[ J]. Transactions of the CSAE, 2018 ,34(11) ;68 —=77. (in Chinese)

XU S W, WANG X F, YANG J M, et al. A fuzzy rule-based PID controller for dynamic positioning of vessels in variable
environmental disturbances[ J]. Journal of Marine Science and Technology,2020,25(3) : 914 —924.

TAMILSELVAN G M, AARTHY P. Online tuning of fuzzy logic controller using Kalman algorithm for conical tank system[ J].
Journal of Applied Research and Technology,2017,15(5) ; 492 - 503.

CHEN P Y, CHEN G Y. The design of a TLD and fuzzy-PID controller based on the autonomous tracking system for quadrotor
drones[ J]. Intelligent Automation & Soft Computing,2020,26(3) ; 489 -500.

FEOCH, AR W SRR, . B L HE L 4 B R T NP FROR PID ) O i [T ] Al LA AR 4R, 2019,50(10) -
17 =23, 34.

QI Wenchao, LI Yanming,ZHANG Jinhui, et al. Double closed loop fuzzy PID control method of tractor body leveling on hilly
and mountainous areas[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50(10) ; 17 =23, 34. (in
Chinese)

TRE R M RAR T, A BT RO PID i T CWUAR A A D7k [T ERARBF ST, 2019,14(6) ;15 -21.

ZHANG Xuefei, YUAN Peng, TAN Junzhe,et al. Heading control method of unmanned sailing boats based on fuzzy PID[ J].
Chinese Ship Research, 2019,14(6) .15 =21. (in Chinese)

Wi, X0, TalvA 22, 45 WU ER Buck B4 & R GEASOMI PID #hl [J]. 7542 3238 K% %4, 2016, 50(4) : 35 -40.
YANG Hang,LIU Ling, YAN Zhian, et al. A fuzzy PID control strategy for Buck converter system of double closed loop circuits
[J]. Journal of Xi’an Jiaotong University, 2016, 50(4) : 35 —40. (in Chinese)

PR 25 5, TRAE 2. FORIBOBALEN & i A ShiiE Rac ot SitIk [T, RV, 2020, ST(HET) 2) : 118 - 125.
GENG Aijun,ZHANG Meng,ZHANG Ji,et al. Design and experiment of automatic control system for corn header height[ J].
Transactions of the Chinese Society for Agricultural Machinery,2020, 51 (Supp.2): 118 —=125. (in Chinese)
TRERME R E]L GO0, F. ATHAEME PID (W ER LR L ESFELERRELT]. RV, 2020,
51(12): 356 -366.

ZHANG Jinhui, LI Yanming, QI Wenchao,et al. Synchronous control system of tractor attitude in hills and mountains based on
neural network PID[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51 (12) . 356 - 366. (in
Chinese)

RIFAE  PNFRE KRR R, 5. T RS A RLORTC ABLOT L RAT IR LT ] Al WL, 2018, 49(6) : 17 -23.

WU Kaihua,SUN Xuechao,ZHANG Jingcheng,et al. Terrain following method of plant protection UAV based on height fusion
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(6): 17 —23. (in Chinese)



