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Design and Experiment of Automatic Control System for Corn Header Height
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Abstract; Aiming at the problems that current domestic corn headers continued to be mechanically
adjusted and the adjustment was inconvenient, an automatic control system for corn header height was
designed. The automatic control system included a floating compression profiling mechanism, STM32
control unit, display screen, key switch, solenoid valve drive module, etc. Floating compression profiling
mechanism was composed of angle sensor, profiling plate, torsion spring, fixed shaft, etc. The profiling
plate and angle sensor were designed and selected, and the analysis on working process and force of the
profiling plate were carried out. ADAMS software was utilized to obtain the vertical height change of the
profiling plate under different torque conditions of the torsion spring, and the torsion spring was designed
according to the simulation results to achieve better adhesion to the ground. The automatic adjustment
parameter model of the header height was established, and PID control algorithm was used to realize the
automatic adjustment of the header height. The simulation model was built in Matlab/Simulink software
and the system simulation was performed. After tune calculation optimization, when K, was 1.2, K, was
0.68 and K, was 0.9, PID controller could meet the design requirements of the automatic control system
of the header height. In automatic profiling mode, the control system detected the height of the header
from the ground through the profiling mechanism, and the header cylinder automatically adjusted the
height of the header from the ground after processing by the STM32 control unit. In manual mode,
STM32 control unit recognized the key signal and controlled the lifting of the header according to different
key signals. After completing the design of the automatic control system for the header height, the control

system was installed on the 4YZP4HQ corn harvester, and functional tests were carried out. In the
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manual mode, the adjustment time was taken as the system response index, and a stopwatch was used to

record the time required for the header to move from the start to the specified position, and the results

showed that the average response speed during adjustment was 0.42 m/s. In automatic profiling mode,

the control system automatically adjusted the header height from the ground, the height of the header was

measured randomly when the harvester stopped every 20 ~ 30 m, and the result showed that the error

between the actual height of the header and the set height was within 20 mm. The average speed of the

header in manual mode and the actual height in automatic control mode met the needs of the corn

harvester header control. The research result could provide reference for the intelligent research of corn

harvester.
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Fig.2  Overall structure of automatic control system
1.2 TiERE

RN ER=IR LR e R BUR iR IR R ATl =i D
b ey, ) 2R 5 a0 e R R 4 R S £ i R e
BrE RN A BT S8, % R A5
FE DU T0 5K 0 G 0 51 15 4% 350 20 s i O, it T
AT IR — B2 3 A5 T8 AL R A I 351 & B 3t i
JE o 1A LS ARG 2 b v R TR, D e b
e E G, LLBT 1k & A fid i, 8 50 4544 100K ; 7
1ANEL 2 A5 T8 BILAG A D 381 1 65 89 b i JE 8 K, I
2 B AT & e B2, W RE 3 180 5 T o A, PO 2
3 A5 TE AL [a] i A6 I 21 1 15 85 M vy B2 A8 R, 4%
il 28 G4 il AR 65 5

a7 RS R L & 3 fros , STM32 i i
FEL 1% 1) 3K 30 R R 4 o L 2 488 1) R R L 2% Y O 1R 14 4T
TFASC o 2545 16] 18 Zc ) 368 R, , 70 00 s 6 s ) 3
R L ZE ) A A% Sl WO L EL S TR
20 488 o) 1R A 00 368 R, A 000 R0 S T 8 A i 9 2
) Zc A 8% 2l , s RL 4 4, B0 B R B

SREEAT HoEE |
et m—
154 =
ik STM32 it

«Mﬁ?

3 B O ) i B A
Fig.3  Principle diagram of profiling hydraulic

HLE ViR DR AR

control for header

2 BIEhiAERSEGRT

2.1 EFHEIXGRNLZIT

77 80 R B AU e AL 32 240 45 A A% Jlas A
ST AR IRl A [ R R A AN AT 4 iR

77 8 I B A T LA 05 T8 A A #1591 T
EYLE YT SR TR D RN R (AN sl T ek R
By 5 A1 AL I e e 2R S8 UK il 2 5[] Al A O

4 FIEEXMIEIHE
Fig.4 Floating compression profiling mechanism
LEEMS 2.5 3.5 4. e S MEERE 64X
EEwIRiEs

Ao A T R Al e A AR RE L T BED B 0 R
B

R AR AE WO ALAE M B 51 5 25 b 55 B2 2 220 mm,
IR R T %1124 380 mm x 90 mm x 20 mm,
T U GE vhidy, B AR O 8 AR, 05 8 AR R i
PVC ¥kL . 25 18 ISR ALE) 4 i nl e X 15 T8 A 45
P 3 o 45 D5 T AR RSO AR o S PR AIE
TEAR AR TE 00 HEAR 1, 76477 B A 2 20 il A 1 5 411 3%, 1
PRI ARt 2 W 3t A o B T AR5 1T 5 Ao 2ok 4
T [ A, 4 T W I b T R AR 32 2l i 3l Al 48
ez 8l o Sy G T AR AR AE AR I i) b o X A 2
1% B 35 AR IR, (1 FH 2k 558 X 106 il 1 04 22 25 Tl R A
JIE A2 IR [ 0 o

fi B AL iR 4% R A Heneywell 724 ®] 1Y
RTY120LVNAX BIAL 4%, BB 5 K — 60° ~ 60° Z [H]
(0 B S 3 i 0. 5 ~ 4.5 V L RS 5, W 2 1)
T8 Ml % £ 8 T i 1) 75 22
2.2 EF ADAMS i ERZEEERHRNARK

D15 T MUAR) 1E 5 T A 2 v A S 01 £ 0 e v 5 1Y
PRI, S T {05 T8 Al BB 68 — T U b 1T, X 5 7 A 1Y)
AR AR 32 D)5 S AT 43 i, 32 1 o A KA LS
Jim

5 PR 2 1o 18
Fig.5 Stress analysis diagram of profiling plate
BPTEAR B B N L, 1 & AR i 5 7K F T 1)
(A R 45°, LA o )i ARG, Al AR 05 A
F+Fl =G (1)

M+ G écos45 °=F Lcosd5° +fLcosd5°  (2)



BT 2

BREZE 4 FORUOGRILE &R A shiF & R L it 5ilk 121

A F—— [ X0 AR 9 33 7 N

C—TE M A & Iy, N

C'—— M E BT ITE o SIS N

F—— iy A 1 S FR R f 7, N

Fl—— 301 S35 A% I 7E o A SERL 1N

ST N

M——H 6 M L5 N - m

i AR e TAE 3 R rh, 1 A7 7E Bk 2
BEAE F R —ANEE W1, 5 MR, T R
Sk, AR RS E T R E A M KK,
22 X475 T M3 R B 452 40 G L 5% R 405 TE A Y 6 T 5
iy, I ELTE W0 00 M T T A I, 23 0 R B AR R
B 5% W 5 T RS BE . Ok B E 43S i L &, R
ADAMS B 1 xof 475 T AR B9 A 1% 506 AT T 05 214y
o

Sy e 6 kR 7 ST LA TR I 47 T AL
HBEFFRIAL ™ 7 WAL A B 3 LA 07 TR AR
T T R M T 45 )T SolidWorks 57 = 4
TEW AR (. X_T) 75 A ADAMS/ View,

M TR 5 398 B 7. 801 x 10~ kg/mm”, If1 #s
FE 0. 29, B AE 2. 07 x 10° N/mm* ", {5 K AR 44
3 g B IS, A 2 A e 35 g R . AR
i 4 T E S PR 38 S 3K, 76 4% 30 22 180 S [
L |V A R I T B 4 240 SR D7 T AR RN M TG 22 () 745
A Al 2 oK% ANIA] 6 FR o 7E 22 % i [ E
JIF 5% A ) 8 L R PR R X A T AT
HE A 3

S BB, B B O S s, 8
Sy 500 4, LI ALK 94T HE D7 1 X BhiE i, DA X
WhaE R bRy o Y Rl OE m . 0 B 5 DL B
T AT FHLJRE A B ) PR 2% L L 6 B % O (A it 4L
H) 5,10 15 Nomm 44 K-, % 52 1] 5 11 4 0
TE AR s B 3t 18 AT 5 P i 1 S

2 3
[ )/
(a) ANHimAH A

2 8
HeF /s
(c) FHHM=10 N - mm

B6 5 TR HLK O 2R 7
Fig.6 Simulation model of profiling mechanism

PiTEAUTT.Co Y il T 1] 1) 052 B8 1l 26 an 1B 7 TR .
FEAS T AR (15 B0 R (B 7a) (5% Ak 5 4t 18T 1] 1)
oot VR FH A A1 S R, 47 T AW Bl 18 47 A7
FEW] B S . A Tb T 7d FIR Bl it ) 4
T 320 47 388 K, LT 4 T A5 1 1] o 1 BR A A
FH W b 5tk , B 215 0 52 67RO A8 1k 5 X 4 1 i 3]
15 Nemm B}, 3} 0208 LBt B 5, 25 08 2 41 46
FE 15 Ne-mm B 3l A2 52182 5K, L4k 22 1 in 4 40 25
B BLAS T B L BE ) AR KA Tl B, DR E B

15 N-mm {5 3 1 36 BB bRt
VI EN WA G R 7 FLE5 S 6 35 R AT

Witk A, RS AR N

Ed'a

M= PR =3 ¢60nD

(3)
Xrp P—HEN
R—J)E K, mm
E—— B ME R &, MPa
d——%4% ,mm
a—HBME, (°)
TR AR B
D——1 4%, mm

MR A 07 L 3 45 SR S f5 TE AL RS /5 5K, 4%
JIE K EE R 60 mm, Hr4E Sy 14 mm , ¥ 46 1 2 FE Ry
180°%f HH AT B i 2 Y, A 0 8 420 2 mm |
l%l?\]6 i

80

n

DT AR R B R /mm

i) /s
(b) 4EM=5 N -mm

P

2 8
Hif /s
(d) $H%EM=15 N - mm

P 7 A [m) 5 %6 45 TB A3 Sl 1 100 114 5 i

Fig.7 Influence of different torques on motion of profiling plate



122 VS AN VI A 14 2020 4
3 BHERREHHET T | o o e |
31 AELERGEE R T OREE  Rwk |

F B Sl 4 R G AR A TR R S
PREEI B AR, 5w A Bk R S
WS L 25 8 B R B R PERE . D G, XU
ARHLEN G w5 AL AR 5 5 19 6 R B AT BE ST,
BB B PR 4 PID 5 ) 53k, I i Matlab/
Simulink 5 £ # {5 FOBERY, LA AR G2 240

3.1.1 ARG PID il g8t
HY T A B A% R S R B 15 B TR AR 1Y
i A St R E R A
U=kp (4)

A U— MBS RIE,V

B— Ui Bie e M, (©)

ey —— W5 A AP E R AR

MR R B bR , F & w5 058 e 5% 2 1]
KA N

H=k,cosB +¢ (5)
L H—HE&E ,m
—H G S M AR E R
A% K
EEEE(4)\(5)TE%E$U Sebr s A
U
H=kzcoskf+c (6)

Forpr, H 6 B B 34 R gl i 3 B A
DT AR A I B & 0 B i B, & 5 A m E
B AR BN 22 e (0) , >R ] PID 45 i 58 325 #E 550
R Gk L ) R G008 2 H R 1 K S AR B, 5K B H
At 1) 1R Bl A 45 1 B 5 VR L 4, A SE B &
B A SR R A 8 TR

L

i PID e | [ L3

seias [ il [ w0 WA

5 B B SR A PID 52 ) I 2

Fig. 8 PID control schematic of header height automatic

K8 HA

control

3.1.2 HIamEAgAERGEN R

T E A R B AT AT AR & = A
SRR G TAE S 8, S50 W 4% R 48 1 2l 24 i Bz
R4 LR H & A SRR R G, /£ Matlab/
Simulink {4 v $4 g7 FLRBLRL, N 9 B .

WEDFEB Ry 2 s, RFERFE R 0.01 s, X%
R G AT . % wne 33216, Y B F 5L
K, =1.2, 4 28K, =0.68, 5> R K, =0.9 I},
PID 45 il 5 i 1 125 1 e K AH hy 286. 6 mm , B2 A5 {H

B9 &R A SR PID £ ) HA R
Fig.9  PID control simulation model of header height

automatic control

268.7 mm, R 6. 67% R E BT H 0.9 s, i [
MR B RN R EEH G REASNREREDN
BT ZER, B BR R N7 il 26 an 18] 10 s .

P 10 PID 42 il 85 e 1z Hh 2%
Fig. 10  Corresponding curve of PID controller

3.2 HEAREAFBAREREREFIEIT
H G E SR R Gt A S S A 3 R
BAES 3 NIEHLE) , 73 # A PF6 PFT Fi PF8

34 A/D R 6 £ 60 2 A Rl A 1
R I, R ORI
GRS

TP F B

BT

HE A

N
TR

lpey VAR

BlLL P R G £ AR K

Fig. 11 Main flow chart of control system

FGIHLGE , LED IRESFERITING), REIEH
PiTE B AT R G055 R AR o B 5L 3E 2 4 5%
BRGE, R AB BN, B S
LT, el R BB L RAEH S 155
ADC BEHCK BG5S 7 0 BT 15 5, 2R )G S 40 A



BT 2

BREZE 4 FORUOGRILE &R A shiF & R L it 5ilk 123

5 AH LA e B e i RO S 2 E (E R AT AR
2 STM32 73y 4k B, i 1o v 1% 1) 3K ) 465 B 3z 3 K
Je ) L R ) BB, o T S B 45 B Y Bl
o FahBiX R, STM32 X i 6 £ 5 47 U1, AR
Pa AR B 5 B A5 5, 1 0 65 T

4 DENiXEERSH

4.1 RWEHERIEE

2019 4E5 H 20 H,FEINARA H BT 8 |
i Ml el B 3 3 0 3 i A A7 i 5 X 3 il T AR 24
N 0.6 hm”, 4 FREHH |+ 3% )2 T4, 76 B R B i T
JeB & B s g, BRI 2E R 8.5 em, B AR
ez Ry 230, IR HLAL S 4YZPAHOQ AU SRR K
KICRAL, AN 12 FR .

12 4YZP4HQ A ZE RS I F KRR L
Fig. 12  4YZP4HQ corn harvester

R A AL 4 - 7 gl R R S0 JE PLAl | STM32
Pt dw (1E mET, STM32FAZGT6 ) 45 R AP 3% L 4
P A R | P A0 1) R4
4.2 HABHER

4.2.1 F & T g H 8 S RE I L

TEMOR L b 2256 S 000 1 38, AT I 2 2
PATIN AR A I 18] 7R D 2 48 W R4 A B A
FAo sk # G I A S VR 245 %E (7 8 B 7 i (8], 247
HE TR, AR E T o RE LA Rk 1
NS

x1 FEFARFHEMNLER
Tab.1 Manual function test of lifting header

RIS HAELFEE/m WRIEE /s B/ (mes ")
1 0.4 1.2 0.33
2 0.4 0.7 0.57
3 0.4 1.2 0.33
4 0.4 0.8 0. 50
5 0.4 0.9 0.44
6 0.4 0.7 0.57
7 0.4 1.0 0.40
8 0.4 1.1 0. 36
9 0.4 1.0 0.40
10 0.4 1.3 0. 30
11 0.4 1.0 0.40
12 0.4 1.0 0.40
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Tab.2 Automatic height control test of header

g H B BE R ElR=Rl R (52 /mm
Ji/mm JiF /mm
1 220 223 3
2 220 220 0
3 220 231 11
4 220 216 4
5 220 210 10
6 220 215 5
7 220 209 11
8 220 232 12
9 220 240 20
10 220 220 0
11 220 233 13
12 220 230 10
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