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1.Header support frame 2.Elevation oil cylinder 3.Conveyor trough
4.Rotating disc  5.Profiling ground wheel 6.Header 7.Inclination sensor
8.Leveling oil cylinder
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Fig.1 Self-adaptive profiling header

ARXEGFEESHME 1 P, i 2ET
WOs Rl R 77, RAVBAAT TR #1631
B 6 Gl R A KR, AR S SRR, W
FRMEL 7 A S5 #) G SCHE A Mk EcE: #Hla 5Hns
il oL 2 19 A EE R, ) 65 3 T R P e T A 4R 46 S B



2 My TFESHR (http://www.tcsae.org)

2022 4

—E MRS MR RS RREER RS,
TS ARG R T RS B RIG MR
FETFEMEA. RETE. $16 ERREE
M, Wl 2 fros, EEREEH G EEER, ¥k
FEAE VU AS e B 08 R PR A A T 5 0 e 8 o A
RGN Dz — € M. WP dTilE N SCE S

Wy [ A [ e, BEE RSP ST A e, e sl A
SRR EHEEN, SERCEIE AR .
*1 HEEESH
Table 1 Main parameters of header
Z4J Parameters #{E Values
FE Cutting width/mm 1200
F &R 50 Header auger type (e Fw i EEpES
PRARF A 5 Reel type i Lo 145 20
P43 24 30 Chopper type EEEH
I\ & Feeding amount/(kg's™) 1 000
JFi & Mass/kg 440
K Maximum height /mm 800
e /1 FE Leveling angle range/(°) +10

LIS 20884 3HBIE 4 MRS SR
1.Rotating cylinder liner 2.Connecting plate 3. Rotating disc 4.Angle
sensor 5.Profiling ground wheel
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Fig.2 Header angle adjusting device
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Note: S5+ Si+ [y are the horizontal distance between the hinge points of the front
and rear wheels of the soil trough test trolley and the conveyor trough relative to
the center of gravity of the vehicle body, mm; 7 is the moment between header
and body at the connection of elevation cylinder, N-m; F and F, are the
equivalent elastic and damping forces of the rear wheel and the front wheel, N;
F 4 and F, are the horizontal force and vertical force at the hinge joint of the
conveyor, N; J; and J, are the rotational inertia of the rotating body and header,
kg-mz; h is header height, mm; k;+ k>« b; and b, are the elastic coefficient and
damping coefficient of the front and rear wheels respectively; Z, and Z, are the
horizontal height of rear wheel and front wheel respectively, m; 0 is the
inclination angle of the vehicle body, (°); @ is the included angle between the
connecting line between the hinge joint of the conveying trough and the center of
gravity of the vehicle body and the straight line parallel to the vehicle body, (°);
@ is the included angle between the hydraulic cylinder and the horizontal plane,
(°); ane is the included angle between the connecting line between point a and
the header center of gravity and the upper plane of the header, (°); /. is the
distance from point 4 to the center of gravity of header, mm; a is the angle
between the elevation cylinder and the conveyor, (°); f# is the included angle
between the upper plane of the header and the horizontal plane, (°); /, and / are
the distance from point a to the two hinge points of elevation cylinder
respectively, mm; /, is the length of elevation cylinder, mm; Fyand Fj-are the
forces exerted by the elevation cylinder on the vehicle body and header, N; /, is
the distance between the upper plane of the header and point A, mm; ¢ is the
angle between two hinge points of elevation cylinder, (°); # is the included angle
between the upper plane of the header and the conveying trough, (°).
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Fig.3 Force analysis diagram of header system
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Inclination sensor system
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Note: ogxeyeze is coordinate system of the center of header; oxyz, is the
coordinate system of the center of soil trough test trolley; o, is the hinge point
between the rotating mechanism and the header; Cj is the hinge point between
the bottom end of the leveling cylinder and the rotating mechanism; 6,, is the
inclination angle of the header relative to the soil trough test trolley, (°); C, is the
hinge point between the top of the leveling cylinder and the header; a,, is the
included angle 0.04¢;, (°); B is the included angle 0,0,¢5, (°); I, is the length of
onc,, mmy; [y is the length of o,cp, mm; /; is the shortest length of leveling cylinder
rod, mm; / is the extension of leveling cylinder rod, mm.
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Fig.4 Geometric model diagram of header horizontal adjustment
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Note: e is the position error, mm; de is the change rate of the position error; Kz and Kgc are quantization factors of e and ec; AKp, AK;, AKp are online modification

values of scale coefficient Kp, integral coefficient K; and differential coefficient Kp; E and EC are the language variables of e and ec.

B 5 AL PID 424 A RAER
Fig.5 Block diagram of fuzzy PID Controller
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Table 2 Fuzzy rule table

%jﬁ ec ¢
Parameters NB NM NS ZO PS PM PB

NB PB PB PM PM PS Z0 Z0

NM PB PB PM PS PS Z0 NS

NS PM PM PM PS Z0 NS NS
Kp Z0 PM PM PS Z0 NS NM NM
PS PS PS Z0 NS NM NM NM

PM PS Z0 NS NM NM NM NB

PB Z0 Z0 NM NM NB NB NB

NB NB NB NM NM NS Z0 Z0

NM NB NB NM NS NS Z0 Z0

NS NB NM NS NS Z0 PS PS

K; Z0 NM NM NS Z0 PS PM PM
PS NM NS Z0 PS PS PM PB

PM Z0 Z0 PS PS PM PB PB

PB Z0 Z0 PS PM PM PB PB

NB PS NS NB NB NB NM PS

NM PS NS NB NM NM NS Z0

NS Z0 NS NM NM NS NS Z0

Kp Z0 4o} NS NS NS NS NM Z0
PS Z0 Z0 Z0 Z0 Z0 Z0 Z0

PM PB NS PS PS PS PS PB

PB PB PM PM PM PS PS PB
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Fuzzy Logic Controller
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s+12.4

Transfer Fen Scope
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7E: Step NMER(S 5B Integrator NI Derivative N BLEL; Fuzzy logic controller B Hl 2% ; Constant A% N & HEbe; Transfer Fen Jyfk

JBERAG Gain NIAEHEIEEG; Add NINEREG Scope N R AR .

Note: Step is a step signal module; Integrator is the integration module; Derivative is the differential module; Fuzzy logic controller is the fuzzy controller; Constant is
the input constant module; Transfer Fen is the transfer function; Gain is the gain module; Add is the addition function; Scope is the oscilloscope.

B 6 44 PID 15 AARA
Fig.6 Fuzzy PID Simulation Model
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Fig.7 Simulation results of header height control based on
traditional PID and fuzzy PID
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Fig.8 Fuzzy PID header leveling response diagram
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Fig.9 Bench test of adaptive profiling header
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Fig.10 Header height measurement
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Table 3  Test results of header adjustment accuracy

1245 PID B PID 5 1
5 Wi  Traditional PID control Fuzzy PID control

e O AR g mmw g %R mER %6

TestNo. Set S g o g mE %
/elg t aNEe Actual Height Actyal  Actual  Height Actual

mm /(") height/ error angle/(°) height/  error  angle

mm  /mm & mm /mm  /(°)

1 250 0 221 29 -3.21 233 17 2.13
2 300 0 262 38 2.15 286 14 1.43
3 350 0 381 31 3.45 367 17 -2.04
4 400 0 361 39 -3.21 421 21 1.01
5 450 0 408 42 3.57 461 11 2.11
6 250 0 221 29 2.53 239 11 -1.26
7 300 0 336 36 -3.47 316 16 233
8 350 0 317 33 434 337 13 2.01
9 400 0 452 52 3.53 417 17 -1.45
10 450 0 412 38 237 425 25 1.83

m& 3 W, 1£4 PID HHI &R KEEIREN
52 mm, “FIIRHRZEN 10.67%, wKMAEIRE 4.34°,
R To i AL B ST ESR . Bl PID 5 i K
WZEN 25 mm, PR IREN 4.71%, mAKMAERE
2.33° . LA RIGREH, FOM PID #5 i AR AR 235/ T
fE 45 PID $54, U8 PID ¥ K5 B2 38 /5 T4£ 4t PID 54
4.3 ZE|ENENIREIRE

FAFRWCRAEALES , BT E R E L8 0.8~1.5 ms,
FrE| G NGRS, MITEy AR R A T oK. ARYE
CAOABRBETH-FAEY FT%0, FIGFHPENRTE . PR, A4,
AN RIHBR . 2 5IESE PID fH I PID FH1)
T G SO AT, PR EE % T 10 Hil5,
BREERASE G TRRE, Bl XE GBI E
], THEEIG U RGEEE, 4ERE 4 FR.

F4 I EMEREREEER

Table 4 Test results of response speed of header controlled

W 145 PID ##1 ) PID 41
- o 7y
" Traditional PID control ~ Fuzzy PID control
Items Set Sta@ing M J9 (] TS 52 ] [ (1] WL E
h/elght h/elght Response RZ;‘;ZI;SG: Response R(:)I; nge
‘mm ‘mm B :
time/s fm-s™) time/s A(mes™)
400 0 57 0.07 2.01 0.20
EYPN
%'EIIJ = 380 0 6.3 0.06 1.73 0.22
il 360 0 5.1 0.07 1.64 0.22
Header
lifing 340 0 6.8 0.05 1.48 0.23
320 0 4.6 0.07 1.53 0.21
0 450 5.6 0.08 1.8 0.25
VPN
HlE 0 430 6.1 0.07 1.59 0.27
Tl 0 410 5.1 0.08 1.95 0.21
Header
lowering 0 380 42 0.09 1.52 0.25
0 360 4.5 0.08 1.5 0.24

& 4 151, &4 PID #&=HlE ST T FEFmm

NEEFESY 1 0.064 F10.08 m/s, HHE GB16151.12-1996
CRANHUIIZ AT 2 EFARFA B WA ORI Fxi# &
FHREF R E . F S RRFHENAMET 0.2 m/s, FRE
BEAMET 0.15 m/s, 1£45 PID 45 Jo 30 1 48 FH 75 R
KRR PID #2151 & 32 TF A P35 B 5 5 0.216 mis,
E| & N BRI T RN E R 0.244 m/s, LR B EE L 2
SN, FRERRIEXATEE N 250 mmx300 mm, £E Gia
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Performance test and analysis of the self-adaptive profiling header for
ratooning rice based on fuzzy PID control

Liu Weijian, Luo Xiwen, Zeng Shan™, Zeng Li

(College of Engineering, South China Agricultural University, Key Laboratory of Key Technology on Agricultural Machine and Equipment,
Ministry of Education, Guangzhou 510642, China)

Abstract: Ratooning rice has been one of the rice planting modes for a long history in China, dating back to 1700 years ago.
The rice bud can grow again, after the rice harvest in the first season. As such, the ratooning rice can be harvested twice at a
time. Planting areas of the ratooning rice can be required for the amiable temperature, light and water conditions for the stable
and high yield. The rice panicles are collected in the harvesting process, where 1/3 of the plant and root system are left for the
tiller growth again. A high stubble height remains during mechanical harvest in the first season of ratooning rice, in order to
promote the panicle germination in the regeneration season. There are different depths of soil feet in the field during the
operation of ratooning rice harvester, where the header height of the harvester fluctuates up and down. The driver needs to
adjust the header height in real time to ensure the stubble height. The uneven stubble height has posed a great threat to the
operation efficiency and tiller growth in the regeneration season. The height and level adaptive adjustment function can be a
high demand for the header of the ratooning rice harvester for the consistent stubble height of the field. It is necessary to
automatically adjust the height and level in the header, according to the ground fluctuation. In this study, an adaptive profiling
header was developed to realize the adaptive adjustment of height and level. Firstly, the specific structure was designed to
include the header support frame, conveying groove, rotating disc, elevation oil cylinder, leveling oil cylinder, header, and
profiling ground wheel. Among them, the header was rotated around the conveying groove at the given angle. Secondly, a
simulation model of the control system was established to optimize the fuzzy PID controller using the Matlab/Simulink
platform. The performance of the adaptive profiling header was then evaluated to verify the feasibility of the fuzzy PID control,
in terms of the overshoot, response time, and stability index. Taking the step signal as the excitation, the better control of fuzzy
PID was achieved, where the rise time and the time required to reach the steady state were reduced by 78.9%, and 81.6% than
before, indicating almost no overshoot in the system. The simulation results show that the fuzzy PID control system presented
a better performance in the response speed and overshoot. Finally, the test platform of the header was built to conduct the
header adjustment accuracy test, header response speed test, and overall system simulation. The bench test results show that
the average response speed of header lifting, falling, leveling to the left, and leveling to the right were about 0.216 m/s,
0.244 m/s, 2.38° /s and 3.22° /s, respectively, using the fuzzy PID control system. The header height was measured to obtain
the data output using the angle sensor system, and then to accurately represent the height between the header and the ground in
real time, when the traveling speed of the soil tank trolley was 1 m/s. Consequently, the header height always maintained the
set value during the movement, with the average and maximum errors of 6.75 and 11.63 mm, respectively, indicating the better
control effect of header height. The output angle of the inclination sensor was measured for the inclination angle of the
undulating road in the field. The header remained horizontal during the movement, with the average and maximum errors of
0.64° and 2.35°, respectively. Anyway, the control parameters of PID control were better than that of the traditional. The
header was also adjusted quickly under the stable state. There was a relatively small error between the experimental and the
simulation, indicating the better fitting degree. Therefore, the fuzzy PID control system can fully meet the adjustment
requirements of the header.

Keywords: agricultural machinery; test; ratooning rice; adaptive; profiling header; fuzzy PID control
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