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Design and sprinkler irrigation experiment of controllable fertilizer
applicator based on plunger pump and single chip microcomputer

ZHU Mei, GU Jialin™ , CHU Chenggui, LI Xiaole, ZHU Dequan
(School of Engineering, Anhui Agricultural University, Hefei, Anhui 230036, China)

Abstract: In order to realize the accurate flow and no-head loss of the integrated fertilization equip-
ment, a high precision controllable fertilizer applicator based on plunger pump and single chip micro-
computer was designed. The fertilization uniformity experiments of sprinkler irrigation and drip
irrigation systems with six flow gradients under constant flow mode was carried out. Under the ratios of
water and fertilizer of 1 : 10, different working conditions of total flow rate of two kinds of sprinklers
were designed. The stabilizing effect of the constant water—fertilizer application with that of inconstant
one on the fertilizer concentration in the branch tube of integrative water and fertilizer was compared.

The result show that when the flow rates of the fertilizer are 100 L/h, 200 L/h, 400 L/h, 600 L/h,

IrFE B 2020-10-24; {&[E HHA: 2021-03-06; 4% H AR E : 2021-11-01

P 4% tH hig e 31k hitps : //kns.cenki.net/kems/ detail /32.1814.TH.20211029.1037.024. html

EEWA : LRE B S IT &R H (201904a06020053 )

F—EER- N KM(1977—) L, ZHMIZ A, #Z (2humei@ ahau.edu.cn) , FEMAFR K - TR

BEEER Y WUEA(1994—) , T 2R Bl A B F5E AR (348297150@ qq.com ) |, 3B A D i I 5 45 55 BB AL AT T



HEREDLOR R4t %539 %

o

800 L/h and 1 000 L/h under the constant-current mode, the coefficient of uniformity Cy; of sprinkler
is 99.33%-99.71% , and the coefficient of variation Cy is 0.35%—0.75%. C and Cy are positively and

negatively correlated with the flow rate of fertilizer applicator. The conductivity equivocation . of

sprinkling fertilizer has a significant positive correlation with the total average conductivity of fertilizer
liquid sprayed and the flow rate of the fertilizer applicator. In the constant water fertilizer ratio mode,
the fertilizer concentration in the pipeline of the experimental group tends to be stable at 160 s, and the
deviation rate between the conductivity value and the target value is less than 4%, respectively. The
experiment of constant flow mode of fertilizer applicator show that the variation coefficient of fertilizer
uniformity under large flow is only 50% of that under small flow. It is an effective way to achieve varia-
ble fertilization with high uniformity for the sprinkler system of integrative water and fertilizer by chan-

ging the flow rate of the fertilizer applicator. The experiment shows that the constant-current mode can

effectively reduce the external influence on the fertilizer concentration in the branch tube.

Key words: fertilizer applicator;integrative water and fertilizer ; plunger pump ; conductivity ;

uniformity of sprinkler applied fertilizer
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Fig.1 Schematic diagram of high precision control-
lable fertilization equipment
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Fig.2 System structure of high precision controllable
fertilization equipment

PR A K 1 R R A T, K O E Bk
AEAR , [R5 T 7 A S 2 2B e AR ALt 7K 1 BT
VAT IS 5 7 A% S s R W it AL 1 7K 10 T 7,
R T BRI A T A R (O 2 RS232
FR LG B HL B R BN AR 4 SR 4 3 1 SR )
15 7 T, o5 B A 19 O (T K ML T, L 72
X LR, I Zoad TTL % RS485 H b 4%
TSR IB AR AR T AR AR A A AR 1) 28 I
YRS A S ML T AR , fieJo 38 3 B2 A4 48 5 Sl ik S 5 s
RO TEA AT
1.2 & EHERERZIT
121 MktEshsH

PUBRAL S 25 4 R U AE 22 6 538 M L S Il &
172, W Z Bl R A de A T sl A% Tk
BRI R 932 S AR R DL S B ), B
DA 2 3 Rk ZE R Bih A 2642, 5 HBR AR L,
I TR S SE A K IR R S P A, ) ol
1.2.2 3 | puis sk

FEIRIHRT 413 3 43653 L A (STC H
FrpLBE e R b

PR AL H T4 DC 24 V b5 Hi DC 24 V
5 DC 5 V gl 5414 8. JLrp DC 24 V
TR E , DC 5 V M ftea B4l &
TSR R A% I A A A .

STC BAFr #HLAEHL % F] STC12C5A60S2 B H HLIE
poErN R 7 N N R N RS R T RS TR R e A g e 2
AR L A A 0 B AT DR A
R JH RS485 B AH T TR LA B Sl
TTL H 3, 7 B 5 5 400 TTL 4% RS485 ra ik .
T 7 A e 5 0 A ol B 2k, TR e R B
A 1/0 HERATSE B B R HLAYIE A

BB 32 A0 B e A% A 5 A I

T AR AR e i XGZP4501 B 7 A8 % 4, it
FEH 0~ 1 MPa, flEHL AL DC 5 V i i} {5 %5 DC
0.5~4.5 V. A i W2k TD-100MB %I, H
BN 0~£12 m/s fEHR I 24 V OKFEE 1.0 4. T
PEBIR 1 MHz. iy Tl 75 B 31 RS485 {5 5 f
5 8 B A 5 R AR A ] i s g 15 Js
it M i d A/D Bl L S
BB 5 A R e 1 Ba L i 45 s 7 Bl S R
WL R T 5 S AT R3S th 5 R R .
1.3 EZHRGEIIERRE

EH RS ERFh CIEFHS, i 3
PR, BRI R TR R R TRT
R TR U TR e BRI T R
F Bl & 26 TRLF JOLED iR TR Mo £ 8
Froisa Al e A AR e R A BT S B,
TR 2] R E Tt HE AL N H A i

BB
HAEU IR T

| EnRgE TR |

RS THT |

WEHT TR

i\

Huk ik Ty

OLED /R [FE 7

Al

i

K3 P RGBT
Fig.3 Main program flow of control system
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Tab.1 Flow rate under different pressure and frequency converter

Q/(L-h7h)
Jf/Hz
p=0 MPa p=0.05 MPa  p=0.10 MPa  p=0.15 MPa  p=0.20 MPa  p=0.25 MPa  p=0.30 MPa  p=0.35 MPa p=0.40 MPa

5 134 126 124 119 116 106 98 96 96
10 285 276 277 270 265 257 251 246 243
15 436 433 419 412 410 402 400 385 392
20 580 552 549 545 540 533 528 523 517
25 733 733 693 689 683 677 665 660 651
30 885 836 837 834 829 818 807 800 800
35 1045 980 980 980 980 958 952 946 940
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Tab.2 Mean absolute error of output frequency
under different pressures

p/MPa 0 0.05 0.10 0.15 020 0.25 030 035 0.40

o/% 1.542 2.880 2.059 2.000 1.896 2.356 2.849 1.837 2.129
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Fig.4 Schematic diagram of sprinkler irrigation pipeline
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Fig.6  Variation curves of electrical conductivity of
sprinkler fertilization
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Tab.3 Analysis results of electrical conductivity

Q/(L-h"y Eg/(uS-em™)  Egy/(pS-em™)  Cy/%  Cy/%

100 920.3 995.89 99.33 0.75
200 1108.9 1220.30 99.52 0.55
400 1 469.1 1 669.12 99.59 0.47
600 1 830.6 2 117.94 99.63 0.48
800 2199.8 2 566.76 99.67 0.39
1 000 2 558.5 3015.58 99.71 0.35
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Fig.7  Variation curve of average conductivity in
control group
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