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Fig.1 3D diagram of the header profiling mechanism
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Fig.2 Installation diagram of the angle sensor
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Fig.3 Detection schematic diagram of the header
profiling mechanism
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Fig.4 Angular detection schematic diagram

of the header profiling mechanism
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Fig.5 Schematic diagram of height detection of cutting

table profiling mechanism
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1. P F W JE T Single-acting hydraulic cylinder; 2. T 8144 il 14
ok U 7% Filter;

Manual control valve; 3. ¥ £ %£ Hydraulic pump; 4.
5. %5 i 8 Relief valve ; 6. 4 Oil tank.
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Fig.6 Schematic diagram of the hydraulic system
of the original cutter section

oAb J5 W s 28 4t H BRL 3% ZEAT BUVE T T
TR H B BLRE — v VU R R A8 v i B 1 T
FEZETRE AR DA S H AR S AR, JL s ] % T AR DR
RN 7 B o IR RGN LR RS A IR A
(1) V0 BT B B4 31 31 15 I TH B, BUAE FH R ST mT
PR 55 = A0 U FE R A 1) HR T 22 A B2 A R
(2) i a4 8 ok A5 5% 2 LG IR, 25 )
LS P FFHT 5 (3) AT A BB 1R 5 A AT R, OB
VEME N B3 122 4 5 (4) R 8 14 Jn 26 vl (R9IE Ve &R 48
R 11T LA S i R G AR HERR
1.3 BHERGEETGEE

D WG A, OW R G 288 | 5 7 X %
PRI e R, o H A H B T 35 25 SR
WUEF BUVE ST B 22 G0 R i 25 2 0 . 45 Al
FIBLEN 6 BE 1 35 095 TR 8 5K 8 T SUE i
HEFF UV VR R T o R A e 5 ML e, v
H3 = [ 5 77 2 (N2 20 mm R 20 mm) , KR
) 5 TR e T SR E W ST A T AR 400 mm,

QWERLZ S153HT o R GL IR A & 19 T
B, PV AT AT 32 1 43 A A B 17 WP AR A 7 e 7Y
WIT (B 8) , W R HL ) 32 1«

F=Gcosa (5)

LG HF:GCHENMHEEEE M 1/2,N;ah
W4T T 32 A2 1) ) 5 B S 1) 5 e R T Y
.0

QWERG TAERE e, A FHMUAGE 5

1. WAE W §T Double-acting hydraulic cylinder; 2. 5 15] 15 i &
One-way throttle valve; 3. i F 8 Hydraulic lock ; 4. =3 U3 H 45
"] & 4/3 solenoid directional valve; 5. #i& i 2% Hydraulic pump; 6. i
TE 4% Filter; 7. %5 Vi I Relief valve ; 8. ¥ %145 Cooler; 9. 4 Oil tank.

E7 RABRREEsREMEITERER

Fig.7 Working principle diagram of the optimized hy -

draulic circuit of the cutting table
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Fig.8 Axial force analysis of hydraulic cylinder
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Fig.9 Block diagram of the cutter height

adaptive control system
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Fig.11 Schematic diagram of overrun calculation
of cutting table profiling mechanism

R T A B ) 3 T
X=N-+Lcosa,

L=— (14)

v
T,=t—t,

K (1) X Ry FTEEUE , m; L R T 44T
KB, m; N WA T ol 51T E R S 5511
KRB, m o A CRIHLRT SR L, m/s 5 ¢, R USCEIHIL
AR ], 55 2, 09 9 28 8 00 SO FF 1), 5 T oA B B
M, so
1.5 1M PID =% K B8

1) Fa il JRUEE AR 2 ) A A0 2 L R B0
kA “if-then™ J 2 A BRI LI 7, 1L T4 i R A0 4
BOR Ak CHRE-Af 22 i AT 40 BRI AR &) TR HE 2 (4R
T R 0) 25 R SR A BORA 2508 ) AR AR fb (A
B 5 AORS B A R 4R ) o ORI PID 4 il )
TR R R S PID £ RS B e . Bk
U, 2 5038 1 A5 SRS SR R ICH] & B I S B
S T R R R B E S DL O SR 45
A Rl A T T R 22 10 PID J2 b5k 811 55 35 i
QR TI E  T  AE  A RE A R AE A s i — 2D
Hb, Z 555K FHADR A AL ) £F £k 2l A 08 3 PID 244,
B AR e 8158 80, A4 i o B4 B3 D R ) s IR
i il ok B T PA T AT I g B 9 4 SR SR
T B PR A | DT 38 3 mi st - R I A A S R S
IO B4 EI ) SR s, S B A o PR R IS
P

2) BRI AR . BRI R A B S

R 22 e S AR R Ae, B R F T AE LR IR 4 PID
P 28 0 S HON R AK,  AK & AKp. HA i AS
S 1 FE AT L T EI ML [R] Rl ) ) B 2 B
il PR BB K S S I MRS S e . Horr, = B 22 e
B[ —50,50], MR AR AL B A 28 30 Je AR ML ALK 5 45
P4, 450 mm B i 22 3 B A2 DA 26 7 M 5 rp 28R R
Hi T AR i B g i 78 Y T SR R 25 A8 4k 5 Ae B
[ —25,25] A4k 50 65 V0 22 5 1 o 1 ek R FH ] 4
i B Bl T2 53 B L 1230 R R 8 A R AE R & = BE AR
Al B PRI s Lh 93 45 4 i AK U —8, 8], i3
Fil 22 78 78 PID 45 i 25 91 65 250 Ko FE Rl 11 fie K
MR BE , 27 I, 9 AT 7 DR IR R SRR B T
P& ST 4 B R 1T RE 7 5 R 4 25 A A AK HL
[—0.3,0.3], FARUER 4 2040 3 i A2 e b7 1B AR
AL R 5 PR 1 AR ARG/ IN 5 1 o3 1 4 4
AKH —0.8,0.81, S5 ¥ 15 %) W 7 AURK , i HL 8 4
0 FETEWT AR 1B Ko SRl HEA T30 FE 25, DL PA )
U RE i1/ K

[GIERE, Sk A7 AR 2, 5 W 5 1 1) R A 15 Sl ke
SRS B ABFIEIE AL 13S0 B s
Wikt | —6,—5,—4,—3,—2,—1,0,1,2,3,4,5,
61, Xt p 7 A F4E | FCL,FB,FA,ZO,ZA, 7B,
ZCH(Ek1).

AP 0 G e 1 A e i ), AR S T
ROV B 0 3 248 X7 5 FEAS I 3l i 4 X
Fefo PR, i AR S i i AR R 13

6 6
=—=0.12

max

6 6
= = —0.24
Bl 25

FEAG R 18 1 P R A RY i B 114 1) G 2 44 (L
i J5Uh BT SR B SR R . TR,
AL A

(15)

|AK|,, 8
==L

|AK, | 0.3
= mx V0 (16)
, ; o =0.05

AK,
;—‘ 6“|ma =08 o133

PID 24 1 852 J5UU - O 244 25 e BRI, $2 71
Kp LUIR 22 GE R0 i 22 B L, D/ s K i G bl T K
g i SRR G R K BCE D 0 84T T 0,



534 TARLT 45 PEARRCRIBLE & R A 1SR 1 R R BT 51K % 321
DR ETERI IR B B ) RO, . @ M2z e Fl B, T I/ MRS 2 P R R vk, v K,

Tl 22722 3R Ae Sy A5 RN, IR K B £ 28 S 12
S RE M Z WP K 5 K BEE AR

K, B K B RS 08 LR SR < >4 e e, K,
PIREAE /N 24 e BN K BB AR . @22 45 22

-, AGE R GEPERE I . O Y 2E e/ AR Ae BRI, N Y B K, 3R K
F1 BT PID ARl M
Table 1 Control rules based on fuzzy-PID
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Fig.12 Simulation modeling of classical PID and fuzzy PID
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Fig.13 Step response curves of the two algorithms
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Table 2 Experimental results of control system response accuracy mm
2 ML PID Classical PID it PID Fuzzy PID
jE e b e 2 — — — —
Test No. Target height SEBR S EE R SEBR S EE R
Actual height Height error Actual height Height error
1 350 367 17 364 14
2 400 415 15 411 11
3 450 467 17 441 9
4 500 513 13 493 7
5 550 531 19 562 12
6 600 614 14 613 13
7 650 626 24 658 8
8 700 718 18 711 11
9 750 759 9 741 9
10 800 827 27 789 11

2) e R B L B B A R AR e (RRIR
WY Hbr s Y ARHIE) 8 & LTSRS TR
T FR AR BIHEAT 5 U, I RO & g st & 1
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mm PLN, 25 E e 45 300 2 B 6 & R 4 A
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Table 3 Experimental results of control system response speed

. H bR /m AT /m FIEE /m 24 PID Classical PID B PID Fuzzy PID
Pr(;jcc‘[ Target Initial Height ShPERTE) /s MR/ (m/s)  BhYERTIR] /s We B/ (m/s)
height height difference Action time ~ Response speed ~ Action time Response speed

0.600 0.420 0.180 0.94 0.191 0.87 0.207

0.550 0.341 0.209 1.03 0.203 0.99 0.211

#E Bt -
. 0.420 0.320 0.100 0.59 0.169 0.51 0.196
Header raising

0.700 0.421 0.279 1.57 0.178 1.34 0.208

0.500 0.370 0.130 0.71 0.183 0.69 0.188

0.350 0.614 0.264 1.31 0.202 1.24 0.213

0.370 0.597 0.227 1.04 0.218 0.97 0.234

HA TR
. 0.450 0.633 0.183 0.79 0.232 0.84 0.218
Header lowering
0.500 0.691 0.191 0.89 0.215 0.88 0.217
0.600 0.732 0.132 0.67 0.197 0.62 0.213
PID PR PRI G A s B . IRVENEZE 3 4 i

S 2O R ARV ) 5 R R G AT REARIR
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Fig.14 Results of tests on undulating ground
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Design and experiment of an adaptive adjustment system of header
height for a ratooning rice combine harvester

HE Lihong', YANG Hao*, ZHENG Rui*, LONG Yu', XU Hongmei*

1.School of Mechanical Engineering, Hunan Institute of Engineering , Xiangtan 411104, China;
2.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China

Abstract It was necessary to maintain appropriate height of stubble according to the characteristics of
variety in the first season of harvesting ratoon rice to ensure successful regeneration in the second season.
Frequent adjustment of the header height was often required due to the uneven field terrain when harvesting
ratoon rice with grain combine harvesters existed in China. The operation of harvesting is manually per-
formed by the operator, both increasing the intensity of labor and constraining the efficiency of harvesting.
An adaptive adjustment system of header height for a ratooning rice combine harvester was designed to im-
prove the quality and operational efficiency of harvesting ratoon rice. First, a structural model of the header
copying wheel for adjusting height was established. Second, the hydraulic system of a 41.Z-1.6Z grain com-
bine harvester was modified and optimized , and a simulation model of adjustment system was developed us-
ing Simulink to compare and analyze the performance of classical PID and fuzzy PID control strategies.
Then, performance was verified using response accuracy and response speed as indexes of experiment. The
results showed that the mean absolute error for classical PID control and fuzzy PID control was 17.3 mm
and 10.5 mm, respectively. The average value of response speed for classical PID control during the lifting
and lowering the height of header was 0.185 m/s and 0.213 m/s, respectively, whereas that for fuzzy PID
control was 0.202 m/s and 0.219 m/s. Finally, the results of conducting a field experiment on uneven ter-
rain based on the fuzzy PID control showed that the header height remained stable at approximately 500
mm , with a mean deviation of 6.81 mm and a stability coefficient of variation of 1.62% , indicating that the
proposed control strategy had good stability and performance of tracking. It will provide an effective techni-
cal solution for adjusting header height in the mechanical harvesting of ratoon rice and a practical value for
improving the quality and operation efficiency of harvesting.

Keywords harvester; header; adjustment of height; control system; fuzzy PID
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