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Design and experiment of obstacle avoidance weeding machine for fruit trees
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Abstract: Aiming at the problems of complicated weeding operation among fruit trees and low weed
removal rate, based on the idea of reciprocating telescopic motion of mechanism, an automatic obstacle
avoidance weeding machine for clearing weeds among fruit trees was designed. The structure and
parameters of key components such as working width adjustment mechanism, signal acquisition
mechanism, automatic obstacle avoidance mechanism and weeding knife are determined by theoretical
analysis of each component of the weeding machine. Using the synergy of the arc—shaped contact rod and
the hydraulic system, an automatic obstacle avoidance control system is constructed, which can

dynamically control the weeding knife to avoid fruit trees according to the different positions of the contact

W #s B8 :2021-10-28.

EETHE LAY ERBHL AU T H (2019J22Y020621,2019J27Y 020623, 2022CXGC020706).
EBE A EACHR(1993-) 5, AR, Pk BF58 J5 ] R ALK 3 4 . E-mail: 1005736785@qq.com
BAEMEE FRAWI(1984-) , 53, g AR, [ AR5 7 1) RO ML 4 E-mail : kjm531@sina.com



% 8 FRER SR Rk A R R AL S X e - 2411 -

rod. A virtual prototype model was established in ADAMS, and a single factor simulation experiment was
carried out to determine the key factors affecting the weeding and obstacle avoidance between plants.
Taking the speed of the obstacle avoidance hydraulic cylinder, the forward speed of the machine and the
elastic coefficient of the return spring as the main influencing factors, and the weed removal ratio as the
evaluation index, according to the Box—Benhnken experimental design principle, using the three—factor and
three—level response surface analysis method, a two The regression model of the weed removal ratio was
established through the second regression combination test, and the optimal parameters were obtained as
follows: the speed of the obstacle avoidance hydraulic cylinder is 126 mm/s, the forward speed of the
machine is 1.57 km/h, and the elastic coefficient is 21. The field verification test was carried out, and the
results showed that the average weed removal rate of the designed weeding machine was 92.65% , which
met the agronomic requirements of orchard weeding. The research results provide a reference for the further
optimization of the interplant weeder in orchards and other crops.

Key words: agricultural engineering; weeding machine; weeds between plants; automatic obstacle
avoidance; ADAMS
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Fig.1 Schematic diagram of the weeder
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Fig.2 Schematic diagram of working process of weeder
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Fig.4 Schematic diagram of weeding structure



- 2414 - THXEFF

(T % k)

% 53 %

AR IR I BRI . W EKIEh S,
Xt [ sl sk B ALAL HE1T 32 3 BT f A Sk R AL
P Sz B T 2o R 1k o — 4 F T3 s A 1, 0 1]
SHiR, Kb o BB AL T AR 2 80 w5y MIE
il BT 05 45 T 1w 5 P oA YRR BT 4 PR A T B ) R
(AL B 5 PR T T RS TR B B T B A
R R BB ] B 242 mm s 4, R W 6T 0 4 IR 25
IF A K B, mims 4R YRR BT DR S e K R
mm 5 LA YH (T [ 5 67 45 38 4 A 1 A6 8 )
B, mm; 4, o0 3 AR B O A BE B OF , mm; £ 4 BR
B )RR O AR S AD IR R, mm; LN
Ik e ] B [ 2 3 A E R AO R FE S mm s /s
h P PPRCIRAS T bR ) B R A B AR
B,mm; o PP PIFCIRES TS E S B E'W
PR  mm; L S O5 CBEE ,mm; L NACH
MR RS  mm; L CCPI A AIE RS , mm;h P,
PG FpOIR S BR B ) B R 0 AB Y IR B B,
mm;a N O'0O5 OEMEM, (") ;0. O'E'S OFE
M Jeff, ()50 OE F1OO'Wy I ff, (°) 50,4 OF'
FOO'WIfh,(°) ;0.8 OA R OE i34, (%) 50,
i OA'"FI OE'f ¥ f, (%) ;0,8 OE #M OE'W) I £,
(*)30: 0 OAF1 OE'WJ 11, (°) 50, OA F1 OA'fH
e, ()50, 0 OCHIOA I, (%)

Hy Tl 5 43 B T 1, 25 B AR IE B AL A IR
R T 2% B 25 B, T G R R ) R R T AT
By ) R R B S EE B h TR T is 8h

1-¥B0 P T 5 2- E AR 5 3- ) B AR 4- R B T) 2R
E5 BRENMEIHFDIHN

Fig.5 Kinematics analysis of weeding mechanism
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Fig. 7 Schematic diagram of weeding knife combination
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Fig.9 Field experiment site and prototype
4.2 REWAHE
4.2.1 IR 5KF R
Sk BIF S R 1) SR S HIORT o3 R AR 1 5 i

L o BT O S50 Bl e ok O 56 R R K OF
g : BL RS AT B BE 1.5 km/h, W 6T i 45 8 RE
150 mm /s J¢ 52 o7 56 5 58 M 2R %50 30, DABR ¥ LE 3T
W48 , 4 Design—Expert10 {4 Ji il 11 5231
" Box—Behnken Design it ¥ #ff 22 i 56 [H & /K
Pt R MK 1R

F1 BAEKFEHD
Table 1 Level of test factors

- MUHERREE  WUERLARAREE SRR R
X/(kmeh ") X,/(mmes ") X,
—1 1.4 120 20
0 1.5 150 30
1 1.6 180 40
4.2.2 WA LHE L AR

FR A R A A5 B 0 s, b FEHLAE
S bl % 2kt g0 AR, B = R =K F B9 Box—
Behnken {55 , I 5 17 5%, B A LW EL
3R, 3 R~ S (B AR S iz A i il e 25 2R, A5
T2 BRI 2 HE R S5 RN 3R 2 R o
R A Design-Expert 10 XJ 2 2 A 32 46 $45 421
B AT I 25 40 B0 ST 4% B R 1 L [l A
AL (] A5 A G A 6 5 R AR 3 R
3R 343 AT Al A, X X, X XX XX T
R FE VKO PYEI/NT 0,05, %R B A AL AL
L HRWUA B2 ; [l AL Y 2R 55 1Y P AE R T
0. 05, BRI .3, Ul DA B BT 4805 1) [l U9 7 2
5 SEBRARAT , 01550, B0 B AN b 35 0005 45 1) B R
VP B 5 3 1 el A 7 FE R
N=289.32 — 1.34X, — 0.87X, + 0.36X, —
0.36X,X,— 0.38X, X; + 1.14X, X —
0.01X7 4+ 0.50X7 — 1.02X7 (9)
F2 HELHRABER

Table 2 Arrangement and results of test

e X, X, X, BREH/ %
1 —1.000 —1.000 0.000 88.23
2 1.000 —1.000 0.000 91.54
3 —1.000 1.000 0.000 87.58
4 1.000 1.000 0.000 89.45
5 —1.000 0.000 —1.000 87.93
6 1.000 0.000 —1.000 91.45
7 —1.000 0.000 1.000 89.34
8 1.000 0.000 1.000 91.35
9 0.000 —1.000 —1.000 91.95

10 0.000 1.000 —1.000 87.58
11 0.000 —1.000 1.000 90.44
12 0.000 1.000 1.000 90.64
13 0.000 0.000 0.000 89.10
14 0.000 0.000 0.000 88.89
15 0.000 0.000 0.000 89.45
16 0.000 0.000 0.000 89.52
17 0.000 0.000 0.000 89.64
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Table 3 Analysis of variance of regression equation

2.86 30.32 0.0009
0.094 — —
0.091 0.94 0.4990
0.097 — —

16 — — —

X, 2.86
5% 2% Residual 0.66
%4l Lack of Fit  0.27
1% 2% Pure Error ~ 0.39
S Cor Total — 31.22

FEKWE CFHM OAME ¥y FE BEMHAKF
HE Model 30.56 9 3.40  36.04 <C0.0001
X, 14.34 1 1434 15215  <<0.0001
X, 5.99 1 5.99  63.56  <<0.0001
X, 1.02 1 .02 10.88 0.0132
XX, 0.52 1 0.52 5.55 0.0506
XX, 0.57 1 0.57 6.03 0.0438
X,X, 5.22 1 5.22  55.44 0.0001
X? 0.069 1 0.069  0.73 0.4200
X, 0.0004 1 0.0004 0.004 0.9486

1
7
3
4

T P<<0.01 KR 3% s P<<0.05 KR I3

4.2.3 w1 T oA
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PR TRV oMl DSl 38t 1 8 20 IO v B DX, 2 R
FUREAR o by e 7 g 1 1) 25 A 35 T LA Y ke
s 3 S W) DR T i AR RO AR

Hi 181 10(h) Al &, i 2F 2 B8 ) Bk o 1L /Y 52
W 2 1 DR 1) B4, it A 52 Ao 9 S LR AR S, A
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— IR AY S 2 20 RIS, AL A AR X SR AR B
iy 2 VR I AE Rl B 0% 0 RH 3G I, S AL
T 78 B 5 R BN AR AT B, AL
SREEICHCAN I A RE I LSS L 1l A SRR R Gt T
FAHC, B B ]k PR B T SR AR A (8] D8R, T DL BR ¥ L
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Fig. 10 Impact of interaction factors on the net

removal rate
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BOR) FAE 450 0 152.15.63. 56 F1 10. 88, 45 & il
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MR Sy i 20 0 B YA 3 R P R A
4.3 RELiL

R AT 34 E B i AL f# L Al Design-Ex-
pert 10 Bk 500 4 B it (0] 91 45 50 9 A e A R
00 3R 2 S A5 O < R R R R L B B 120~
180 mm/s, Rif #F 34 B 1.4~1.6 km/h, 31k &
20~40, PEA FE AR BR LG B bR fc R E S 100%6 . f
ZAAAR 3 3 A5 R S BUE 530 Bk
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