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A, BN RES eFe hEe sh M B, BAT T 1)
Py (O)s LOAFHRARBAE 5, mm; d) 4R B
HAR, mm; dy APIIIERIAFEEE, mm; R AR
FHESIEAE, mm.

Loz 20 BRAEAR 3. BEBNER 4. HEATF 5. BRALERSE 6. 4%
FF 7. ML SAUE 8. MFEfLREs 9. 1LIas 2k

1. Mounting base 2. Restrictor plates 3. Follower link 4. Hanging rod
5. Limit spring 6. Detection lever 7. Angle conduction module 8. Angle
sensor 9. Sensor mount

B 1 HATIEM A 24 B

Fig.1 Diagram of row detection mechanism

a. fifw#s b. L c. At
a. Left offset b. No offset c. Right offset
e BN AL, () L WFSRYYRE &, mm: 4, it
AR, mm; do APEIERIFFIFEE, mm; R AERIFHESPEAE, mm.
Note: S is the angle of angle sensor axis rotated, (°); L is the offset of beet
root, mm; d; is the diameter of beet root, mm,; d> is the spacing of both sides
detection rod, mm; R is the radius of detecting rod swing, mm.

B2 sAFENHEFER

Fig.2 Diagram of row detection action
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Table 1 Major components and performance parameters

IiH Item BT Design value
A7 1 % 2 #3t
&N AT B /mm 500~700( 7 )
A 9 /mm 1 000~ 1 400( =] )
DI 2 2 AR I
ZKI AL FEALAL T AT
MERLINAEIRERN T HRAR 5 T B A
N Lk [LI=0E:N
Efﬁ P25 /7 I 1 /mm 350
P2 /mm 0~ 180(TT )
Hib A R+ B AL 12 e
H PRIA IR 58 /mm 350
i KA 25
LU 125 4 7] B /mm 345
4y 7150 B I TR fr A Uit e
Ftiz FEML I B8 /mm 500
LAy 5T IAC) 90
Y VI Y
e A %f%/m-’ ) 5.8
FENb I (mes™) 0.5~18
2772 (hm*h T 0.12~0.36

LATER 20 BN 3 RMEMARES 4 &5IFF 50 SRy
6. MfIEAEs 7. XTHRINLA 8. WRED 9. BIALY)

1. Walking wheel 2. Main frame 3. The back angle sensor 4. Drawbar
5. Triangular traction frame 6. The front angle sensor 7. Row detection
mechanism 8. Hydraulic cylinder 9. Round coulter

B3 EZMRE5EI|MAEE
Fig.3 Diagram of main frame and traction mechanism
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R,
s Ao G HITAI AR s L AR A B, BT 1
(°): Ry AZEGIAHAERTETT ) BRI, mm.

Ao = (3)

e lVEITiIN Hafr L
Beet combine harvester Tractor
-E;E ''''' -+ 7'7@_f
o = 111

[ifik Ji 7] Forward direction

TE: o AT AL, (0): 0 ARAEAES L, () RohA
SIFFLERTRETT F BRI, mm.

Note: « is the angle of front angle sensor output, (°); € is the angle of back angle
sensor output, (°); Ry is the length in the forward direction of the drawbar, mm.
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Fig.4 Diagram of auto-follow row action
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Fig.5 Block diagram of auto-follow row system
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1. Tank 2. Filter 3. Hydraulic pump 4, 6. Electromagnetic direction
valve 5. Flood valve 7. Manual throttle 8. Electromagnetic direction
valve 9. Hydraulic cylinder

Ho REESZAREH
Fig.6 Schematic diagram of hydraulic control system
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Fig.7 Block diagram of electronic control system
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Fig.8 Schematic diagram of solenoid valve drive circuit

4.2 Bt

ARG YAL BRI AR A T3 R H Keil C 5 9w
H, RGEHIThEEEE R BRI . B9 hE
A AR

FeAa AR AR T AUHE X AR 4 ol
s MBI BAE 7 v T A N T e )1 9k
AR, TR E AR B, A5 0 [ 2 B
DX EE A £ (do-dy)/2, 120 (2) #1500 (3) wT4n,
o U B 25 R S R eS8 A T A A R
P o QTR i A YR A Nl B £ 00 200 T[] 5 AE X
9 E

AR 9 nTLUE H, YEef e DR i #h
TR IR AN 25 AB<2°IN, F=F 28 AN 24 H AT 1
BHE S, R AEmMZE AR =1°F84: 5 s JUHT
T, XA T B A BEAR B 4 Hh B ik (5
BB SN E S . YRS Mg, (EshiF
TR GLRFEN AT, R3S R T AR R0 &5 o i 203 ik
ST R SO, AR TR S AR B AR A
FERTE . ARV RE IS S, PR R R
I [A) 0 500 ms I8, VHEERNAE JE Bhicoh s, 1E



12 W)

FAEE: 225 SR A BRI A ST RG] 21

PRESRAT, SRS AT A A S H AR A
K Aa<<2°If, AT IBEAT Gl o
TR DI REAIR 50—, AT D5 T )
o TR ERAE IR R RO A 4
ﬁ%@ffﬁ% R AR RO NS
HAVRESZH, JFLL LCD B Wom. Ens deng ny f
LED f /s AAIL .

IFD

|%JJ&f;1tMCUﬁW|. i +Q|

La
%

I
LR 4 7 L
Byl YAt 5

FLL T ) 4 25 ]

I (F e auu{n‘ﬁ‘u ﬂ{n

B I Tl

T AR AR

A
il H 472 $iAa

FLL R PG £k i
L Rl

v

Hdb Al 1
PR R Rk

Y
S M [<(Aa-2)
Y

PR IR 6 £ e T 1

B9 Eiz4 RRMAEALRA

Fig.9 Flowchart of main controller software
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Fig.10 Track curves of auto-follow row system for standard
signal
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Table 2 Results analysis of harvesting test

TREI R HRART T R YL 2%
EH Rate of unharvested/% Rate of fractured/% Rate of damaged/%
Ridge number ANIXAT H3xAT ANIXHT H 3T ANIXAT EPZIpOK
Manual-follow Auto-follow Manual-follow Auto-follow Manual-follow Auto-follow
1 3.52 0.92 2.01 0.87 3.47 1.24
2 2.15 1.21 1.95 1.06 3.55 1.98
3 4.95 0.87 3.12 0.79 5.17 1.59
4 2.31 1.04 1.67 1.08 3.94 1.86
5 3.24 1.13 2.87 1.02 5.12 1.79
6 2.67 0.89 3.08 1.00 4.61 1.56
S
+LJ 3.14 1.01 2.45 0.97 431 1.67
Average

e IRK 2B 610 mm, “PHYZETIYE 350 mm, “PIURKEE 355 mm. FISEARCFAEAR 110 mm, “FIEE 195 mm, P LS 42 mm, T
it 1.2kge 652 m KFEANEHEA, FHAREUR S O 20 2745 98 mm. 138 /K2 28.3%, WHRIEEEER 1.5 m/s.

Note: In test field, the ridge distance is 610mm, average width of ridge top is 350 mm, average plant spacing is 355 mm. The average disameter of beet root is
110 mm, average height is 195 mm, average height above soil is 42 mm, average weight is 1.2 kg. In each 2 m sample range , the average distance between the

beet root and the row center is 98 mm. Soil moisture content is 28.3%. The speed of harvesting is set as 1.5 m/s.
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Jii > TTE R R B 2.03%, HR AT W 3 PR 1.48%,
FRERARAGT ZE PR 2.64%, Pk /DIt R AR 482 2%
PE PR S I 25
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Development of auto-follow row system employed in pull-type beet
combine harvester

Wu Huichang, Hu Zhichao™, Peng Baoliang, Gu Fengwei, Wang Haiou, Wang Bokai
(Nanjing Research Institute of Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract: The sugar beet is one of the major sugar crops in China, accounting for about 17% of Chinese total
sugar production. As a seasonal operation, sugar beet harvesting in China is still mainly manual work,
characterized by high labor intensity, low efficiency, great harvest losses, and huge occupation of farming, all of
which constraine the further development of the sugar beet industry. Mechanized harvesting is the inevitable
development trend of sugar beet harvesting. The current domestic sugar beet harvesters are basically simple
sectional operating machinery. Sugar beet combine harvesters are mainly imported from abroad, having high
automation and intelligence and advanced performance. The domestic beet combines are still in the prototype
development stage, having a great gap with the advanced foreign technology. Auto-follow row technology is one
of the key features of beet combine harvesting, having great influence on machinery performance. Although
domestic researchers have performed lots of studies on the automatic control of agricultural machinery, research
on control systems for auto-follow harvesters is still scarce, which greatly affects the automation level and
operation performance of domestic beet combine harvesters. In order to improve the automation level and reduce
harvesting loss, a set of auto-follow row system for a pull-type beet combine harvester was designed by adopting
hydraulic technology, sensor signal acquisition technology, and microprocessor control technology, which was
based on the ridge-planting cultivation of sugar beets. The system includes a row detection mechanism, an
adjustment mechanism for traction offset, a hydraulic control system, an electronic control system, and control
software. The row detection mechanism detects the position of the ridge top beetroot block, converts the offsets of
excavation forward locus to angle quantity, and then sends the information to the offset angle acquisition sensor.
The offset angle acquisition sensor converts angle information to a digital signal and sends it to the controller. The
controller handles the angle signal and outputs a control signal for the solenoid valve, through the control software,
opening the hydraulic cylinder drive oil line. The hydraulic cylinder drives the traction biasing mechanism,
adjusting the digging position. The angle feedback sensor installed on the traction-offset mechanism feeds back
the adjusted angle signal to the controller. The controller adjusts output control signals in real time, ensuring the
excavation forward locus always consistent with the beetroot block position. The entire control system is a
closed-loop feedback system. The controller is a single-chip microprocessor uPD78F0525. Control software
adopts Keil C language, using a fixed double dead zone control algorithm, because it increases system noise
immunity, avoids frequent shocks of control action, and improves control stability. Standard signal tracking tests
showed that the system had fast-response characteristics and high stability. The results of comparison experiments
showed that the harvesting indexes of the beet combine were improved by employing the control system of
auto-follow row, in which the loss rate of un-harvested beets, the root body fracture rate, and the root block
damage rate were reduced by 2.03%, 1.48% and 2.64%, respectively. This study can provide effective reference
for the development of auto-follow row systems employed in similar harvesting machinery.

Key words: agricultural machinery, automation, sensors, beet combine harvester, auto-follow row



