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Design and Experiment of Variable Rate Fertilization System
of Tri-wheel High Frame Operation Vehicle

Yuan Linghe'”  Gu Dongdong'® Wang Wanzhang'® Chong Dongfeng'®>  Wang Miaosen'”> Chen Jiang'">
(1. College of Mechanical and Elecirical Engineering ,Henan Agricultural University, Zhengzhou 450002, China
2. Collaborative Innovation Center of Henan Grain Crops, Zhengzhou 450002, China)

Abstract; In view of the problems of traffic ability and the precise control of fertilizer application of the
additional fertilizer machinery, the variable rate fertilization system of tri-wheel high frame operation
vehicle was designed. It was composed of mechanical fertilization system, hydraulic system and electronic
speed control system. Its trafficable height was 1.2 m, and could apply fertilizer to four lines of corn at
the same time. During operation, the hydraulic system powered hydraulic motor to drive the outer groove
wheel type fertilizers. The control of fertilizer application was realized by electronic speed control system
adjusting the rotational speed of fertilizer shaft, using closed-loop control and the microprocessor
STM32F103R8T6 core, combining the setting parameters such as dose rate and the speed signals being
detected to calculate the advancing velocity of high frame operation vehicle and the theoretical rotational
speed rotational and the actual rotational speed of fertilizer shaft and displaying them, adopting the
incremental PID algorithm to control electro-hydraulic proportional flow valve. The laboratory test showed
that average coefficient of variation of the fertilizer amount was minimum when fertilizer trough work
length was 30 mm. The fitting equation of fertilizing amount and rotational speed was determined. PID
parameters was set as proportional coefficient of 1.2, the integral coefficient of 0. 02, and the differential
coefficient of 0.4. The field experiment showed that the average deviation of fertilizer application was
0. 84% , the average coefficient of variation was 1. 852% , realizing mechanized and precise additional
fertilizer for corn.
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Fig. 1  Structure of tri-wheel high frame operation vehicle
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Fig.2 Schematic of the hydraulic drive system
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Fig.3 Electronic speed control system block-diagram
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Fig.4 Program flow chart
3.2.1 @A
VRl iy P HE Tl 52 B 5 1% SR
LB AR K BSOS L, DN S B B ] P 18 ok i, D
AU AR 2 i A HE AR P S PR i . HENE
B SE RS Ry

g 0
N ——Th 35 R A SRR B B[] Py fik oo g
T I D 0 — ) 1 ik g
——FALA7 IR, min
e SRRl 2 i R T A
216mDN,
Tz
K D—ERER,m

N —— i % o A7 s B 7 BT ] A ik e
Je eI 1A 2 — SR R A Bk

AR 1 it M o R v A i i =7 B A T
RO b AT g R A HE A 2 TR R
FERE M TAETFEE T, HEAR 25 i HEME & 5 54 7 52
SRR Ep

2]

(2)

v

2

g=kn+b (3)



Hi) HEG & ZhRER

SR R B AL R G BT 51 173

A g5 n T RAHRIES A HEIL R, ¢/ min
b b— KK
ST AL R Q
0 _0.69N 6qN (4)
A N—ﬁFHE%%A;&

h@dﬁﬁ/ﬁ(z) ~ (4) RAFHENE Sl BRIE e
9.947 520N, - b
e (5)
3.2.2 PID i
PID 45 il SR W 2812 00 FEL Y B A9 42 ol 45 AR
b R R G H A AR SRS BE L Sl o R
NPT ERE TR SRR O TS RSN HE
EPERE , >R A PID 458 il 580 7k 0 i e 25 3k e sl 45 1)
5 DASE RS Bt NS , Y S 35 R A B 4 ok s B 4
5 fin . PID =il LA i 28 20

(1) =K (e<t>+—je(t)dt+T de(”) (6)

R el 2 M PID i 28 H0H A
Mﬂ——ﬂDﬁ%%%ﬁm
K,—— M.l 223

T BB 3
+ Lk W bk | | WeTE |
’_% PRV e Y s
i
e

BIS  00 kDAY B4 il J B ]
Fig.5 Closed-loop control principle diagram
of the speed of hydraulic motor
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Tab.1 Hydraulic motor speed and current

under no-load running
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Tab.2 Experiment result of fertilizer application

BCE it SEBR A R
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(kg-hm~?) (kg-hm=?) (kg-hm~?) (kg-hm?) % 2B/ %

150 155.6 144. 8 151.6 1.1 3.92
300 305.7 297.7 302. 4 0.8 1.38
450 460. 4 445.0 453.2 0.7 1.71
600 610.5 601.8 595.8 0.8 1.33
750 765. 1 744.2 756.0 0.8 1.42
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