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Abstract: [Objective] In view of the poor adaptability of the current fertilizer control system, and the need to
recalibrate after changing fertilizer types and other problems, a fertilization control system with adaptive
calibration function was designed. [Method] The volume density was introduced into the conventional
calibration formula and a new calibration formula for various fertilizers was established and verified by
experiments. With fertilizer type and displacement as experimental factors, fertilizer discharge accuracy and
coefficient of variation as experimental indexes, and conventional fertilizer control system as control, the

performance of the adaptive fertilizer control system using the new calibration formula was tested. [Result]
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The determination coefficient of the new displacement relation formula was 0.996, and the average relative error

was 3.63%. Under the target displacement of 2000 to 12000 g/min in the adaptive control system using this

formula, the maximum error of the discharge rate of spherical granular fertilizer was 5.46%, and the coefficient

of variation was less than 3.54%. When using the conventional fertilizer control system (using compound

fertilizer for calibration), the maximum relative error was 4.92% for compound fertilizer, 10.92% for slow-

release mixed fertilizer and 50.11% for calcium superphosphate fertilizer. [ Conclusion] Compared with the

conventional fertilization control system, the adaptive fertilization control system can adapt to a variety of

fertilizers, and the displacement is accurate, which is helpful to improve the working efficiency and quality of

the fertilizer applicator.
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Fig. 2 Block diagram of working principle of adaptive fertilization control system
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Table 1 1 min displacements of different fertilizers at different speeds g
A L . . L . . L
. 20 r'min 30 r'min 40 r'min 50 r'min 60 r-min 70 r'min 80 r'min
Fertilizer type
JRZ Urea prill 3505.00 5192.50 6860.00 8458.33 10025.00 11450.83 12900.00
SRR AR 2906.67 4337.50 5766.67 7179.17 8540.00 9846.67 11246.67
Slow- release mixed fertilizer
4 NE Compound fertilizer 3346.67 4977.50 6593.33 8187.50 9765.00 11287.50 12826.67
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Table 2 Actual displacement relative error of three different fertilizers at different speeds %,
i ELEN - - - - - - - HfE
. 20rmin~ 30rmin 40 rmin 50 rmin 60 rrmin " 70 rrmin 80 r'min
Fertilizer type Average value
JRZ Urea prill 1.45 2.74 3.12 2.55 1.86 0.14 1.01 1.84
ZZIRJIE Slow-release mixed fertilizer ~ 6.58 4.12 2.90 2.41 2.70 3.47 3.20 3.63
S & IE Compound fertilizer 0.37 1.40 2.08 2.23 2.17 1.64 1.37 1.61
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Table 3 Relative error and variation coefficient of fertilizer discharge rate of spherical granular fertilizer %
AR 2000 4000 6000 8000 10000 12000 ¥IH
Fertilizer type g-min”' g-min”' g-min' g-min' g-min' g-min”' Mean value

JRE Urea prill 1.21 4.85 4.13 2.01 0.83 4.43 291
4 E Compound fertilizer 5.46 423 3.01 1.78 0.55 0.68 2.62
ZZ1RJIE Slow-release mixed fertilizer 4.40 1.32 0.40 0.53 1.45 2.38 1.75
IR Calcium superphosphate 1.87 0.80 2.87 3.82 475 3.82 2.99
5 2 3.24 1.97 1.53 1.75 2.77 3.54 2.47

Coefficient of variation

G 2GR ], A SCR BETH K B 3 N it A4 il
RGN BRI O T & SV 47 HET R B
RO R ATLAMENT A [ ot SR ARk 10 3 o2 A2 o4 i 12
N HE R A ML e 56 2R 7 i i fry O s it 17—
EMNS %, WKL — S B R A B E
SCo ARG R RURL AE R A AN AL o IX T BE 2
P51 D93 A 5 A SORAR ST BRIE UKL AL R 2 S Y, T
AFRIBURL IR S 78 R AN 3 R R T RE S
BRI BRI AR — %€ Z2 5, 38 BRAN LU 0K HE A 428
A R 22, FARJRDRIE 75 2R AW 7E LLE— 2D R
TH B TR A ) R G A
52 SEAERAGELRNERREX LR

WO R G B S LT AR E - 2208
e AR i B R A AT AN _E i ul a6 A A (1 5 R

FA T EE, FH TR0 I S AR ) R S HE AR
BUHEAT R EG o B85 R 10 fios.

HRHEIEAR R IR R AR 2 R 4 s .
SINTRTRN, HIE R RS 2R IE. E 4R, i
il R85 o 5 o 33 2 4y 24 32l H AR HE N 2R, 2%
TR AR B KA R 2N 4.40%, A NG RH AR 2
N 5.46%, I BERRE B KAHXT R ZE 9 4.75%; 146 H
bR e A R H RS, 4 HE A IR R E
BRASHRZE N 4.92%, 5 H & R TE 0 &2
s SR AR R, SERRHEAE I 2 B BAK T H AR HE
BT 2, e K HEAE T AN X% 2 10.92%, {3 it
BRI, SEBRHEAC S 2 80 B & T H brHE AR =,
HEAE I 2R ZE7E 6 P H AR HEIE 8 2 T A X R 2 8
KT 40%, e RAHXTIRZHA 50.46.



1

JIEZE, S B B IERRR E D RE A ALE B R S i it Sk 95

H #7518 % Target rate

F3E M R Adagtive rate -4 %5 F# % Conventional rate

© 12 000 L2 A o o 200007y, iR o 1200 e iR

o8 Compound fertilizer ~ = & 16 000 | Calcium superphosph: 2210000  Slow-release mixed

= E‘J 10 000 - N £ go .g gn fertilizer

g ki / g g ~ E§ 8000}

05 8000+ N 205 12000 A =5

5 S I 53 ’ S5 6000}

w5 0000 N = 5 8000} ® 5

22 4000f & B = == 4000)

=g #=E 4000} e

T8 2000] # =5 =5 2000]

20 30 40 50 60 70 20 30 40 50 60 70 20 30 40 50 60 70
BE3/(r-min ™) BE3%/(r-min") B3#/(r-min™)
Rotary speed Rotary speed Rotary speed
10 BENMEET ARG S EREH RGN ERIT L

T4 BHEHARGHEERIRE

Fig. 10 Comparison of experimental results between adaptive fertilization control system and conventional control system

Table 4 Relative error of fertilizer discharge rate in conventional control system %,
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