20204E 11 A Z?ﬂ[im‘ *jﬂﬁ%iﬂi ¥51 % R 1L

doi:10.6041/j. issn. 1000-1298.2020. 11. 005

T PID Eizp) S E s R igit 5id %

Towg'” X 7 #7 HEERT ARz ERA

(L. E AL K2 T2 B, LT 100083 5 2. BUACA 3 4 Pl AL Bt b3t 8 i 248 %, JE T 100083 )

A 7 VA I T 0 5 2R 9 v, 00 ML L 9 D R G I S 3 3 0 8 /0N LA ) B S R kA A
7Y B 5 IE P ) A 9 TR, I T T PID B3k Y 8 08 ) BB AR R e o R TR IE 2R S B 1 e o 1 A
T, % A5 s PR 1 EAT SR AR 5 Ptk OF BT T ATy 35 AR A 2 ORI % S A R B 1 A PR TR . SR I
H B9 = %4 PID B9 A7 2 508 58, 20 52 B ik 0 B 5 W 2 PID 00 11 L 19 3% 0 B4 R ORI M40 R 043 B 4
0. 079 F1 0. 012, % 5 FHl AR R FiI PID 55 2 ) (A0 28 495 F 1 788 A 0 00647 77 % LUk, 445 S 36 91, 5% T PID 4 i {3t
A 2 B0 63 S IR SE o S VEH 3T PID B 10 L A 28 495 7 S IR A0 ol 3o B R P 5% 5 (R I IR ) e i, ok U
B 7 8 B AR 22 R 2 R 25 S BRI AR L AT T A AR 4R R, BEIE R G R IR 2 8
iR 2 bR IE 22 43 BIR K T 6.49% 1. 54% A 0. 40 MPa,ﬁﬁbé%&%&HE%‘«ﬁxﬁEﬁﬁﬁ%éﬁxﬁ?%%ﬁiﬁﬁﬁg@ﬂ@ﬁ*o
KGR WA BUIE RS PID Wik SR {ﬁ

hESES . S224.21 X HERFRIRED: A X E YRS . 1000-1298(2020)11-0045-09 OSID ; E&EEd:

Design and Experiment of High-frequency Intermittent Fertilizer
Supply System Based on PID Algorithm
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Abstract. Liquid fertilizer has the advantages of easy absorption, high efficiency and low environmental
pollution compared with granular fertilizer. To achieve precise application of liquid fertilizer, a detecting
seeds and target-spot application system of liquid fertilizer was proposed. The system needed liquid
fertilizer to meet the requirements of small pressure fluctuations during high-frequency intermittent
spraying, and ensure pressure stability when the intermittent spraying frequency was changed. Thus, a
high-frequency intermittent fertilizer supply system was designed based on PID algorithm. Through the
study of the hardware circuit and software program of the fertilizer supply system, the collection and
control of the pressure for the fertilizer supply system was realized. And the interactive interface was
designed to facilitate the setting of operating parameters and the display of real-time operating conditions.
In order to get the best parameters of the PID algorithm, the critical proportion method for parameters
tuning was used. After actual experimental adjustment, the proportional, integral and differential
coefficients of the PID algorithm were determined to be 4, 0.079 and 0.012. A comparative test was
implemented to compare the pressure change of the fertilizer supply system with and without the PID
algorithm. The results showed that the pressure of the fertilizer supply system with the PID algorithm was
more stable. To evaluate the stability of the fertilizer supply system based on PID algorithm at the
operating speeds of 3 km/h, 4 km/h and 5 km/h and the setting pressure of 0. 10 MPa, 0. 15 MPa,
0.20 MPa, 0.25 MPa and 0. 30 MPa, a bench test was carried out. The test indicators were maximum
deviation, average deviation and standard deviation of the pressure for the fertilizer supply system
pressure. The test results indicated that the maximum deviation, average deviation and standard deviation
were not more than 6.49% , 1.54% and 0. 40 MPa, which satisfied the requirements of detecting seeds
and target-spot application system of liquid fertilizer for pressure stability.
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Fig. 10  Pressure changing curves for fertilizer supply system at different operating speeds and setting pressures
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Tab.2 Test results of fertilizer supply system at different

operating speeds and setting pressures

b EIREl mKiRE FHRE bt 2%
o/ (km-h~')  p,/MPa en/ % e,/% s/MPa
0.10 3.70 1.09 0. 08

0.15 3.13 1.01 0. 12

3 0.20 4.47 0. 84 0.21
0.25 4.18 0.78 0.26

0.30 4.19 0.86 0.28

0.10 5.74 1.54 0.18

0.15 4.37 1.31 0.20

4 0.20 4.72 1.09 0.27
0.25 4.09 0.84 0.27

0.30 4.68 1.05 0.40

0.10 6.49 1.24 0.15

0.15 5.12 1.10 0.21

5 0.20 5.96 1.35 0.32
0.25 4. 64 1.15 0.36

0.30 4.79 1.01 0.38
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Tab.3 Test fertilization amount at different operating

speeds and setting pressures

Pl EE/ (km-h ") JEJBGE ./ MPa Jiti HE £/ mLL
0.10 5.52
0.15 6.04
3 0.20 6. 66
0.25 7.18
0.30 8.05
0.10 5.48
0.15 6.01
4 0.20 6.61
0.25 7.13
0.30 8.02
0.10 5.41
0.15 5.96
5 0.20 6.58
0.25 7.10
0.30 7.98
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