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Abstract: A control system for variable rate fertilization, which depends on deep-fertilization liquid
fertilizer applicator, was introduced. The single chip microcomputer was used as core processor and
electromagnetic proportion regulator valve was used as execution unit. Software was designed for selecting
data and sending commands. The test results in the test-bed showed that the system can complete the

control of variable rate fertilization and the error of the variable fertilizing was less than 0.5 mL in each

time, which meets the liquid fertilizer variables requirement.
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Fig. 1 Variable fertilization overall layout diagram
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Fig.2  System structure of liquid fertilizer control system
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Fig.3 Control principle of variable rate fertilization
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Fig.4 Automatic setting structure of relay feedback
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Fig.5 System step response curve
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Tab.1 Parameters of Ziegle — Nichols turning controller

P Ry K, K; Ky
P 0.5K, o 0
PI 0. 4K, 0. 8K, 0

PID 0. 6K, 0.5T, 0. 12T,
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Fig.6  Control system circuit module chart

(300 V/mV ) FHIK Bl HE I KA RE S, HURE LU 4518 7
I 4 I B S S R (B 1 ~ 10 V) 354l R
SRR 1~ 10 V -3 B 255 989, iR
M J97 1) 50 45 il 2, & 3% 2 TLC5620 [1) DATA 3y,
Zead OPO7 HUSHCK G , 9K Sl v f Hb 513 1 1

(4) LCD @onpibe

RGN TR DU BCE AL
JE16 x 16 SFE BTN 8 x 16 S, N T B/R%E
35, BAR 16 x 16 sFEF, LCD s Bt HI R St
S 7% BT T RRL A it A 8 R S PR IR At A

(5) Tt RERH

% HE 1t A 5% ) MKULC2100 % B, i i
M (R AR A A ARS8, TAE
L 24 VB RN 5 V7 Bk b 5, A Bkl
15 mm, i EARTEE R 0.3 ~ 6.0 m’/h, K ilKS
JEHR 0.5% . Ui ik it A I {E 5 3% STC89C52RC 1Y
P2.7 [T,/ 51 B 5 HLEEEL,
2.4 REHRHE

RGN EFE LA AR R HLERA TR
. BAAEERIRE RS EH VB 6. 0 4, 58
F BB AR I iy A BLE SR e it T 2 4500, A
B TRI AT 174 it A 5 R A1 Y I P e =2 R 1Y)

V.=1.102 01 —0.050 761 +0. 012 3294> (5)

A —BHBEH AL i, mL/AK
V,——r gl RSV

3 3 AT L PR L AR Y R A R s R
HRREB L, B HLE IR i v T[] s A 0
I RS il g & 2 PID 45 AE, T
XS f A R 42, B HLAR P 1 R A A
LCD W dh /s T 77 ATl AR TRy Ui R
RABFARRT D/ A FedFREF Al PID S0 € 112
FPo BT FREFFBOREZ | I LUK U 5 R 5 B 5t
Her R e A e ik B e, MRIE R G0 IR 1817
St RS i s L AR T AR B A 7
No

Ui R AR P By« SO AL A
q R B T KRR T SRAE I ] R]BR O 0.1 s,
FE X void init-11j ( void ) BRECHT iR fb 2 B 4% 0, 15 B 4h
TR 1 BT i, R ShRE IR O AN IR 1
TSR, 0. 1 s JEOCHTE I 0 FNAMERH I 1, 5
FHLEEBCR T 1A PR BS IRE T ¢

HIEER RO

(1) IKE &M

N T RGBT B Al AT AR B A
JECRE, Fd T S PR A L, IS S B I £
B AT TSR B 5 (AR RO 5 T R S AL, S

3



552 BRERFe 45 . TR Y A A St M2 o) 2R 4 47

RIS AR R

Y

D/ASER AR IRB]
BELL IR 1

v

PIDB YR

FRT TR

K7 IR R
Fig.7 Flow chart of closed-loop program
PR AR AL A 143 BL % 59 43 BC , F S ML e =X
YR AR R, ol P A 2 A A A it A A L
MARGE FEEE J1IKF)] 0. 4 MPa I, RS TAEIEH .
(2) KTk
1 AL AT 2R G b B it AR R O Bh AR
ARUHE AR e A L T R AR AR A AR
1. 78 Hz, i 56 &5 42 3B [ 5 0 0. 55 m/s, i 46 I
XK 6.5 m, EENEO0.315 m H— e, 4
— Jiti AEL T3 (R T 2t A 10 v, I T it A 5 52
Bt A 8 58 22, s v FH O A SR o B2 it
JEE, OV S5 (A5 20 Bk At IE 2

(3) REEE R KA

REEIE R 2 fros, IE2 aTLLE ), e
i FE B A AT 3K 95. 00% , % 22 A it L 2t 5 00 45 149 i
AR ER 22 B /N R 0.2 mL/IR, B KoM 0.5 mL/IR, #
W RGBT A B, PR AR TR 2R ) B R
Tl AT i A SR IS R T H R L BB T i 2
Y 5 8 LB 3 H AN T sk 6 %) [0 A 4 IR e
PRV 2 Go b it A ML L it A 42 o ) A B R T e %
v R ) R L A R Y TR 4 e 0B R Y
Xof A il 4 B4 o 7 Fsf ] 5 GV R i ok R IR | i
FHHAF T BOW H AT IB IE

£2 EHRGRBHIBRAW

Tab.2 Test data and results of control system
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25.9 25.4 0.5 98. 06
24.3 23.9 0.4 98.35
20.7 20.2 0.5 97.58
17.0 16.5 0.5 97.06
13.5 13.0 0.5 96.29
10.0 9.5 0.5 95. 00
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