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Abstract; The rotor suspended spray bar combines the advantages of ground machinery and aerial UAV
respectively , which can simplify the complex truss structure and reduce the secondary pollution caused by
droplet drift through the rotor downwind field. It has a good application prospect. It is difficult to retract
the rotor suspended spray bar in the traditional retraction and retraction mode. Therefore, an automatic
boom retraction and retraction device with a regular quadrilateral cylinder as the main body was proposed,
the D — H coordinate system and the forward kinematics model of the boom retraction and retraction
process were established, the dynamics model was constructed by Newton Euler method, and the optimal
trajectory of the boom retraction and retraction was obtained by using cubic uniform B-spline curve
trajectory planning. Taking the movement time, joint impact and energy consumption of the boom
retraction and retraction as the multi-objective function, the Pareto solution set was solved by NSGA — I

algorithm. The boom retraction and retraction test was conducted by selecting the trajectory of the boom

Wk H . 2022 -12-05 & H#. 2023 -02 - 13

E&TH: Wi R B 5EAR T A A 5085 s BT E (NT2021009) ()7 R4 £ FHHIE 2% N % 50 (2020K)261 ) ) AR A BH 1wt |
(2021B1212040009 ) Fi1 3% % 17 B4 14150 [ (20211 — 055316)

TEE BN BB (1972—) 5 882, 4, 12 Al i s B £ R W58, E-mail ; zyzhou@ scau. edu. cn



5% 4 1)

JR A A ORI SE LR 3R T AT A Sl WO ) AR S

121

deployment time in the solution set as 56 s, 61's, 66 s, 71 s, 76 s and 81 s, and the boom retraction time
as 54 s, 59 s, 64 s, 695, 74 s and 79 s. The test results showed that there was a significant relationship
between the movement time of the spray bar and the standard deviation of the spray bar angle. The shorter
the movement time was, the worse the stability of the spray bar was, the greater the joint impact was, and
the more energy consumption was. When the trajectory corresponding to the boom retraction time of 59 s,
61 s was taken as the optimal trajectory for boom retraction and retraction, the average tracking error
between the drum speed and the planned speed was no more than 0.201(°) /s, and the average tracking
error between the actual motion angle and the planned angle of joints 3, 4, and 5 was no more than
6.201°.

research verified the effectiveness of the automatic boom retraction and retraction device and the accuracy

The boom can better track the optimal trajectory to complete retraction and retraction. The

of the optimal trajectory of boom retraction and retraction.

Key words: boom sprayer; rotors hovering spray boom; trajectory planning; PID control; automatic

adjustment; automatic retraction and playback
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Tab.8 PID parameter tuning results

K,,l <K11 :07Krll =0)

K (K]l] =0.1 K =0)

K, (K, =0.1,K, =0.0005)

ks 0.1 0.2 03 0.4 0.5 0.0003 0.0004 0.0005 0.0006 0.0007 0.15 0.2 0.25 0.3  0.35

t/s 14.364 11.988 11.016 10.152 6.696 14.040 11.232 9.828 11.232 11.556 13.500 9.936 9.720 15.142 14.148
t/s 21.708 24.732 26.784 30.672 32.184 16.416 11.340 9.936 11.340 14.256 13.716 12.744 9.828 15.252 16.524
a/% 0.384 0.393 0.410 0.861 0.527 0.110 0.059 0.033 0.059 0.069 0.107 0.072 0.031 0.037 0.099
- K,(K, =0.0005,K, =0.25) K, (K, =0.2,K, =0.25) K, (K, =0.2,K, =0.0004)

0.1 0.2 0.3 0.4 0.5

0.0001 0.0002 0.0003 0.0004 0.0005 0.15 0.2 0.25 0.3 0.35

ou/(°)  3.232 3.036 3.200 3.553 3.615 3.449 3.252
04/(°) 3.487 3.223 3.481 3.805 3.906 3.646 3.412

3.081 2.975 3.036 3.243 3.048 2.975 3.215 3.396
3.356  3.169 3.223 3.148 3.234 3.169 3.459 3.492

K (K =0.0005,K, =0.25)

Ks (K, =0.2,K; =0.25)

Kd;(Kps =0.2,K; =0.0001)

fitn
0.1 02 03 04 0.5

0.0001 0.0002 0.0003 0.0004 0.0005 0.15 0.2 0.25 0.3 0.35

ou/(°) 3.600 3.446 3.530 3.784 3.978 2.730 2.812
on/(°)  4.066 3.923 3.989 4.226 4.328 3.281 3.322

3.084 3.204 3.446 2.938 2.670 2.730 2.760 3.162
3.515 3.626 3.923 3.586 3.231 3.281 3.431 3.707
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Tab.10 Standard deviation of angle of winding

process (°)
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s T s 2 T s 22 T s 22 b 25
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