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1.RTK-GNSS LR L RTK-GNSS receiver antennas; 2. RTK-
GNSS # 3l 3 RTK-GNSS rover station; 3. % Z% it % #L On-board
computer; 4. H iK% JCIE AL DC permanent magnet brushless mo-
tor; 5. HE AL 4% Motor controller; 6. ) FL il 3 /4 8¢ %% Photoelectric
speed sensor; 7. T R AL¥E il #§ Lower-level computer controller; 8. it
i HUfR Power supply battery.
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Fig.1 Hardware structure of the automatic navigation
system for the double-motor crawler chassis
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1. J5 Ui K 2E Rear-end antenna; 2. 3 %% Range extender; 3. fH:H H
i Power supply battery ; 4. H it i i JC R FEHL DC permanent magnet
brushless motor; 5. i3 48 W #T-J8 K #§ Worm gear reducer; 6. i % K £k
Front-end antenna; 7. YGHL #4845 Photoelectric speed sensor.
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Integral structure of double-motor crawler chassis
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Table I Main parameters of double motor crawler chassis

Fig.2

SR Parameters Kl
Values
AN LIRS 3] /KW Single motor drive power 3
BBE/mm Track width 900
$ b /mm Grounding length 1140
e Lﬁs RE S T SR

E”rﬁ'ﬂﬁ%(‘;‘ E{' WEE wéﬁ(?/mm 280X 005 48
Track specification (width X pitch Xnumber of knots)
UK % H A% /mm Driving wheel diameter 230
W A L o]
Reduction ratio of worm gear reducer '
B KRR /(m/s) Maximum traveling velocity 1.8
%5 it i /kg Unloaded weight 600
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WME 3R, i GNSSE 0 R4 A5 6 R4 IR 8 R 40
RS RG AT AN PR GER kG RTK-
GNSS & {7 58 X (B - Jb =} B2 3 NC201, /K F &
PEAEBE 1 em, 2 m FEZE5E [n) RS 0.08°, B4 451 % 10
Hz) , F T S 4K HCHa, 2 G 48 1) 07 55 R 1 £ 155 2.
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ter of the crawler connecting section on both sides respectively; O is

O is the chassis centroid; O, and O, are the cen-

the theoretical steering center; Oy is the actual steering center; B is
the track width, m; L is the grounding length, m; R is the theoreti-
cal turning radius, m; Ry is the actual turning radius, m; Vi, and
V., are the theoretical speeds of tracks on both sides, m/s; V; and
V, are the actual speed of tracks on both sides after considering slip,
m/s;w is the angular velocity, rad/s.
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Fig.4 Schematic diagram of differential steering mode
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Fig.5 Overall design of navigation controller for
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Fig.6 Schematic diagram of lateral offset
and heading deviation
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Fig.7 Several positional relationships in case of left lat-
eral deviation and large deflection angle
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Table 2 Fuzzy control rule table

PRl P WM 2 2%
Difference of PWM
control signals of motors

on two sides LB LM LS 0 RS RM RB

IR 22 d

Lateral deviation

LB RB RB RB RB RS RS 0
LM RB RB RM RM RS 0 LS

Py IS RB RM RS RS 0 1S LS
Heading 0 RM RM RS 0 LS LM LM
deviation 0 RS RM RS 0 LS LS LM LB

RM RS 0 LS LM LM LB LB
RB 0 LS LS LB LB LB LB
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Table 3 Lateral deviations of path tracking

tests on pavement roads m
PN o . -2 44 %
IR/ e KA %o i 22 * . e
- . T2 it 22
(m/s) 5 Maximum .
. Mean Standard
Chassis No. absolute L
. absolute deviations
speed deviation o
deviation

1 0.033 0.011 0.016
2 0.041 0.016 0.022
0.6 3 0.048 0.019 0.029

i3
Jfit 0.041 0.015 0.023

Mean value
1 0.089 0.025 0.065
2 0.065 0.018 0.059
1.0 3 0.074 0.021 0.061
Hfi 0.076 0.021 0.062
Mean value
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Fig.10 Path tracking effect on cement pavement road
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Fig.11 Field navigation test site
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Table 4 Lateral deviations of path

tracking tests in fields m
R Fe KA 22 S H A i 22 PR
No Maximum absolute Mean absolute Standard
’ deviation deviation deviations
1 0.554 0.045 0.148
2 0.783 0.056 0.174
3 0.638 0.051 0.165
H{E
Jfi 0.658 0.050 0.162
Mean value
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Fig.12 Path tracking effect in the field
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Design and experiment of automatic navigation system for rice
harvester with dual-motor crawler chassis

WANG Weikang',.LUO Chengming"?,ZHANG Guozhong"?,
FU Jianwei"*, DONG Zhao',JI Chao',ZHAO Zhuangzhuang'

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment in
Mid-Lower Yangtze River, Wuhan 430070, China

Abstract A set of automatic navigation system for rice harvester with dual-motor crawler chassis was
designed and tested to solve problems of high rolling rate, poor alignment stability of manual-operated
crawler harvester and low field operation accuracy of existing electric crawler machinery for ratoon rice har-
vesting in the first season. Based on the dual-motor crawler chassis self-designed for the rice harvesting, the
relationship between the steering radius of the chassis and the speed of the driving motors on both sides was
derived on the basis of the field slip model. An automatic navigation fuzzy controller was designed. The du-
al-antenna RTK-GNSS is used to obtain the real-time position and heading angle information of the dual-
motor crawler chassis. The lateral fuzzy correction controller of the automatic navigation system and the
PID controller of the motor speed on both sides control the motor speed in real time to realize the automatic
tracking of the working path. The results of road test showed that the average lateral deviation of the auto-
matic navigation system was 0.015 m and 0.021 m when the dual-motor crawler chassis was driven at 0.6
m/s and 1.0 m/s. When the driving speed was 0.6 m/s, the average lateral deviation of the automatic navi-
gation system was 0.050 m. Compared with the navigation system modified with electronically controlled
hydraulic steering, this navigation system has precise control volume, fast response speed and small track-
ing error. It can be used in the row-to-row operation of ratoon rice in the first season to reduce the rolling
rate.

Keywords ratooning rice; harvesting machinery ; automatic pilot; dual-motor crawler chassis; fuzzy

control ; precision operation; field path tracking
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