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Design and Experiment of Servo Control System for Sugarcane Header

GONG Yuanjuan' JIN Zhongho' BAI Xiaoping® WANG Sijia'’ WU Ling' HUANG Wanyuan'
(1. College of Engineering, Shenyang Agricultural University, Shenyang 110866, China
2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110169, China)

Abstract; Directing at the problems that domestic sugarcane harvester header height adjustment and
nonautomatic control, a servo control system for sugarcane header height was designed. The servo control
system mainly consisted of a self-weight swinging profiling mechanism, STM32 controller, displacement
sensor, upper computer module, keypad module, solenoid valve drive module, etc. The self-weight
swinging profiling mechanism consisted of a ground contact, a connection sleeve, a left fixed connection
plate, a frame, a right fixed connection plate, an angle sensor, etc. To address the problem that the
harvester may cause impact or destroy the profiling mechanism when performing the reversing operation,
ADAMS dynamics simulation software was utilized to obtain the vertical height and force variation of the
profiling mechanism, and complete the optimization design of the tail end of the profiling mechanism. The
simulation tests showed that when the radius of the tail end was 105 mm, the maximum collision force of
the ground on the profiling mechanism was equal to 1 976 N less than the permissible bending strength of
45 steel, which met the design requirements of the profiling mechanism. It was also verified that the
profiling mechanism can adhere to the ground. To study the relationship model between the height of the
harvesters cutting table and the signals collected by the profiling mechanism, and design a PID algorithm
for cutting table height control. The PID control algorithm was optimized by using Matlab/Simulink
software. After tuning the calculation optimization, when the proportional coefficient K, was 0. 41, the
integral coefficient K, was 0. 76 and the differential coefficient K, was 0. 009, the PID controller met the
requirements of the servo control system. The profiling mechanism sent the detected terrain height data to
the STM32 control unit, and after analysis and processing, the hydraulic actuators were driven to control
the lifting and lowering of the cutting table. After completing the design of the cutting table servocontrol

system, it was installed on a 4GZQ130 — A sugarcane harvester for functional tests. The driver started the
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machine, activated the cutting table servo control system for harvesting, set the cutting height, harvested

three monopoles, observed the stubble height at each harvest, recorded the test data, measured the

distance from the ground to the cut point of the cane and calculated the head breakage rate. The test

results showed that after the 4GZQ130 — A sugarcane harvester was fitted with a cutting table follower

control system, the stubble height deviated from the preset stubble height within 20 mm, an average head

breakage rate was 21% . In comparison with the manually controlled harvesting trials, the average head

breakage rate was reduced by 18.5 percenage points. The harvester’s performance was further improved

and the overall performance of the cutting table follower control system met the design and use

requirements.

Key words: sugarcane harvester; header height; profiling mechanism; automatic control; terrain

detection

0 5

HRE S — ATz R R 3R R Y T AR A
Wt ORI S R TE EAE B 0 2 TR I T A R
WA T T LT 2F B i ak s A K . R B H O
Tl A ] AELATLAR fb AT A 238 RSO o e JF AR &, B H
FEWSC AR B B Ak 7K it A1, 5% B8 3 42 B e AR A7 A
B, B AR Sk SR M B VR R AR R 2R R
o205 T E R R g b s
WR AL B Bk S e AL KT, B AR 1 AR Sk 36, 4
W s R T A R [ SRR 22 4 AT ER B

H R R T AR I B A HE B OR R AR b
DI ik S U)RS 55 2R, 78 SEBR A 7 T AR R v
DI S B sl o T 2 U H ek
BIL T A B 118 1 15 v 32 A2 3 M AC AR It 0 7 AR Al Sk 6
SR, B 6 0 S Sk R B AR IR
[ AAE Y e s B S K, S xSRI B B & O R
TR AR AR OR, B
Sy EE YRR AR JC Ik E R AR U
ASHEIMA ST SR B K F G R R
4 UK R L A Bl o =R B ROR 4
H A FE AN T FhoRg A - b g B 3 N HLF
T E A B S0 B ROR & X%
FER A B H G B D R OGRS 1S T
[ A 6 [ P BT A A AT P
AALLANLI ) 5 8 B 3 i e R S 32, BIR AR AT
DU AT BILAS f2 1 B0 15 w8 B2, T AR 40 S B £ FH 75 SR K
AT R A 2 e A B (H LA AT
VU FT AL 2 B 0 8 R B AIG 45 il B e th e 22 .
bl 2 Ak T K o B, SCik [ 14 ] 3% 3R 3 Ak 2 2
AN IR EEIR ALZ - 1.2 BB A E R BES
WOARHL BT 22 %6 T —FhEl & 5 B [ 3E N R
G5 ARG AL AR ) 2 B R AR R B KA A T AR IR IR
AR I i AR T 465 SRS v, LR 0 A7 ) R

i1

R B IE AT L . SCRR[15 &3 T —Fh B e
R ] A5 07 sh 4% ) R G0, 2k A 0 B A5 A B A
W ) T TR 2R G ke R R i B (R Bl B L
MR B U AR EE B B, SCER[ 16 1481 T —
ot 35 P15 Ak B R ) 880 R /0N 22 G0 v AR A 4
183 R A 1 G S B E) & o B 0 s o (R AR 3k &
2 W] 2 22 R BT 52 0, 3 A DU 245 SRR e o 25 1
F L H IR BT SR FH 113X 265 6 B A RS
RE W 2 2B A 7 5 oK, R 7 S R S

BEXTE N BLA T RESCR BLE G R B TE YR Bl
il FICR S5 1 Sk 2R 8 A5 0] 1, AR SC3EF T P Ak Bl
PR 5T B A RN W Y 4GZQ130 — A JUH BEW AR AL 1%
T—FhE & Rl sh 6 R G0, it A & sh X
TE ARG AT LUK 41 1 0% B 1 b 2 4758 , HoAT K 58
AN T TRT D /N AR BB A B b 0 1 B ey
ST G B A AR5 5 ) A BeE A B
T PID & B B T B G R O, S &
B 3 2 1 R Ge R T, 25 s A% RS AR Bl
P B, S B0 b T i JEE 1 S A 00 0 e R L )
B A s

1 ZakzhiEH REBET RigT

N T S BRCRHL R & w5 B 1 sl R AR
ARAUTELE ™ i A b A Sk 3, B0 T H RE AR PL
BRES S RGBS H R S s T sh il A A
By P AP AR S, 2 B B ) LUK 4% 5 B 4
SR o % D) e TARRE . T sl il 2 25 G AR 9
T AR 2 0l o AR T R 6 i S AR 5 A B
s ) ) 2 A ORI T A o A v, AR 30 1 e AR A Al
HREHRIL A 3h 58 B F & R R
1.1 RESEEN

HRE B E] 65 BE 34 ) 2 G AR S5 R an ] 1
fiRe F2m A EESNXOIP P, STM32 42
i LR AL AR | AL AUREAL | B AR | H i S UK
SR ZH N



BOUHR S5 HBRMOGRPLE & B sh B R S it 5k 121

1 Hf&%{ﬁm%ﬂﬁ%;ﬁj?ﬁﬁ%ﬂ%éﬁéﬁ’@%%@
Fig. 1 Schematic of servo control system of sugarcane
header
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Fig.2 Composition diagram of cutting table servo

control system
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Fig.3 Principle picture of servo control system
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Fig.5 Sketch map of self-weight swinging profiling
mechanism
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Fig. 6  Schematic of self-weight swinging profiling mechanism

PRI T 4 36 A AL 1) 05 JE ALY 0 AL 2R A7 i B 5 e T
[ B R 610 mm, Ry 13 R HRE MR AL S B T A A
O, U5 T HUAL) H i kot 358 42 A Sy DG B4, B 1R R
B SRZ5 4, B AR 206 mm, $8 B R 45 mm, 2 T B
A fi bt R A4S IR i b A 47 A R 45 B9, B R
7.85 %10’ kg/m’,

X fi i, 847 ) i B 46K T T R K 52 1 A K S i i

Ty BEATIHEE U0k T IR S O A L b A 114
FE R I, S b 09 45 mm, @B A 9 25 mm,

AP CHLAR BT+ F M) , 45 800 V8 2 il B2 )
Lo, 179270 MPa, 25 il 38 B 3534 0

Treslo,] (1
A o, )
6

K o,——& N J1,MPa
M, —— 5T LA 7 22 25 %, N - mm
e R AT
Fy—— {5 ZE ) 1l v %5 T2 AL 1Y dRe KA
J1,N
L—Fili % 71 2 5 AL FE.O Y FE 2, mm

TEEAS 18] 42 sk b T X 05 T B A 1) 5 K il 42
F, <2260 N, i & 3T 20K, a5 ] b s 2 |
RS %

[ 545 2h 25 AU L o 38 2 1A 5 R PILAH
R AR AR SR T R, E R
e 38 b il 2R 5 A2 A T M 2 Ml b A b
A —HE 1] BE AH 45 1 16 PLE L5 % B A 1 B LD
B, R PSR M % 42, I3 O 8, L3 7 AN [] T g i
AT R AN TR AL B v B o i b 58 42 i e v ke AR A
FTITEE 3, 4 2032 2 2 1 7 [ 5 % 32 M i s 19 B O
BRI T k5] 852 8l o Sy DR UE B A2 SR 1 G I 2
TG, R TG AL 25 00 4 1% F2 5 1 5 ff B AR Ik e
[ 5, A1 A B b T R A A B A% 3 % 4 ol
o HEES XA T LAKREE A B P25
U 2R R A PR BILAG) FE 00 Kb 2K i, i fil 2t 35 42 5 M
T % 4 G T ) el JHG R 3 45 g - AT LA 7 s R O
P FRAT (8 ZE 45 VR ) B S i 170 Xk 05 8 BILAG) 7 A= b o
F AR

BT R 5 TE LA A 7R 3 8, i LA BE o ]
B3 8y, 5 T ALAG 1 fiok bt 3505 47 W5 4 28 1 Fh 05 A 328 8))
Z 8B, R AU S i vty O 5550 ,A B W 51
ZE T AR AR N H, 5T LA A AR AR A6
[ B ik 358 7 5 3 L 1 (R A 2 AN 0, Bl 6,
WA B AR AT HUAE 28 2 5O R 28 1 04 5 BE H,

7 BN T AR S
Fig.7 Working diagram of profiling mechanism



M2 FOCHR 4 HBEGRHLE G RS R KT SR % 123
H, =R - Lsing, (2) 6, > 6,5, H, <0, KW b 28 1= B2 T B, W75 46 /N i3k
{H, =R - Lsiné, BLEI £ B 28 1 e B o
ZEH (e B AR AR H, R TR AL 1 AR Ak o 2.2 REMRERER

H,=H, - H, = L(sinf, —sinf, )
{A0=02 -6,
FRIR A 1 B O BEG7 JE ALAG 181 e bl i 0 1Y
KEEN BRI A2 L, L =103 mm, iy 7] 75
H,7Hq

(3)

H,=H,-H, =103 (sinf, — sinf, ) (4)
4 6,>0°,0, < 0,0, H, >0, 3 1 22 5 & Tt

TN G R WSR LR 5 IR 28 1w EE 5 6, <0°,
+VA_ISO

AL 25 ok H Elobau /A A 1) 424 A T 4% J&
i, R PR IR A B A I 4 ik = 5, 4 ) i i EL T
5L IP6T B4R A9, 15 TR A W TAER S, 7T LA
Rl 30° ~ 120° (1 #f B A5 4k, IR HFE e 0 ~5 V
AR AU T, 28 3 A BRS g AN A/D e d v B G &1 8
firoR  ATSE3E 8 % 0 ~ 10 V B M {5 5 19 A/D #%
e, e S AR A b Y O A R A AT A
P 4b B

-VA_ISO

R3 ,
ATip 1Y AD7173-8BCPZ
. 173-8BCP
Ol [eole~ o | =t [enlci|—| |IIGND—I‘\O D2
AR eS| eife|e \}LED RED
R6 -
311ame ZeEEZosses 0 LOGLEd
2 e v R8
! AN cozA e e 22kQ
0 3z]AI = SYNC I3
Y] 35 AIN12 =1 ERROB 7 CS IS0
2 Rl <08 M6 SCIK 150
3 3TIAINIS 1 & SO LI
Q - p T 7 J\ e,
cND_Ts01||[B22/ 88 Tepos 28 DOUT/RDY [Ha—MIS0_ IS0
VRFF —o{REF- & XTAL2/CLKIO H3
: XTAL2/CLKIO H3 ;
S o e e——
CNDJSOIlll EP Frrer ppsw Hle CND_2  CRYSTAL 2|3
25= L L_L{crRySTaL.1  cND_1 aall
T GND_ISO  FA—20H_160000MB30ZW =
VINO 5 GND_ISO
VIN
VIN 1 pF
VIN3 +VA_ISO
c7
0.1 % 0.7 nF
GND_ISO
8 A/D i e i
Fig.8 A/D conversion circuit
. ; { X FRV R
2.3 ETFADAMS FEHBEZEHIXNHGF

iz it

DL HLA BE S 1E A B % OC R B HUE & JE A
02 A T S T8 T LAY S I A2 2% ) ) PR 5
X H 32 T DA A o AR 24T A, D5 T LA Y 2
J13 A& 9 froR o i 0, R DML L5 F ol
IFi] 7 3 AR 5 T MLAR 19 S5 0, N5 6 S D B AL
7, N5 Fy oy T S 7, N fy O ik i i T
DI LK (Y EE 5 97 N

DI LA A fE rp, F 22 52 W8] 52 2% 3R 58
SRS W A8 e, 72 AT A T3 B9 VE TR o B st
4 015 T IR B8 BB 205 4 AN RE AR 3k 17 3t 3 1) 2 AR A8
e, D LA ) 22 7 A= 4 3l S SRS 5 AR E
BOREAR I 2 R WAL, H RECHRBILE] £ 7T 42 {1223 0
TG 14 22 4% 2 18] 32 38 /s T 1 Al 2% 2 RO, {7
PR HURE 2225 T80 6 )5 M, A o H R WOk BIL 7 44

/i
¢

9 UiIRHLKZ T o3

Fig.9 Force analysis diagram of profiling mechanism

PTG 48R i, D5 T8 MUK AN REBE ) 65 1) b 4Rk,
Fo 3 I 2 65 5 T AL AL 3 i v o 280 000K, ™ 5
PIIEAERE o DBk B e i 9 D5 JE ALK T DR SE A &
S B Tt AT E O B E S IS A R s R AR, R



124 /4

IR

2023 4

ADAMS/ View B4 % iz gy ik # #1745 25347 o

FEA BRI TR LA AT, X5 T LA SR A7 i 1k, DL 42
FR AR Rl SolidWorks 1% #8111 H 4]
AL AL SR, R . X_T #% L0 & A
ADAMS/ View , fajfbJ5 iAR Y 3= A0 458 72 [ 2 3% 4%
M E BB A ARk A B R
Hb T o

W = AR A T A S MRl S B el P 0 15 A G
D5 L SE B I HOE F , DL AR 55 45 2 o 1 o
fi 2t A7 8 T 45 B, A 2 0 e 1 Dy Al
WA (5 B bR 4 B 7.8 x 1077 kg/m’ 3
FAEEL 0.29, B & 2. 07 x 10° N/mm” > 437 4%
T 2Z (B (38 Bl 56 &, F) e e 1) S5 0 flh i 38 4 1
e AT A8 4R AR ) I T 1 3 5 R D RS ) R I
B8 0K 2y 52 B TE AILAG 1) 7K S i 3 32 3 5 R A [
H 0 B T 5 K M (ground ) [ € , I 7E 05 B UL 5
75 L b T[] A N7 4% ik 24 SR A S R0 TR AL 1432 Bl ik
TR B R AN R 10 R, 17 22 R R
ADAMS/View H1[F) Model Verify T.H X #5317 56
UE % A R EE R SCR A DA B 3k 249 AR A5 15 O 14T 0
G, A DR IT AT B B

10 i HLkG TAR i B 0 H AR R
Fig. 10 Simulation model of working process of

profiling mechanism

T RAE T AL AT LUK SE A 5 R AR
TE A, I g A o) A 4R A AR R A M v 7 A B dl L R
LA B HILAS) T 2 3 88 A 52 el D] 3R, AR 90 T R e SR AL
Al B TR 2 B2, 2 4 1.0 km/h (278 mm/s) |
1.5 km/h(417 mm/s) 2. 0 km/h (550 mm/s) 3£ 3 4~
K, LA TE BILAS B4 i 28 D7 16 Dy Xl IE ), DL SR

T E TR M ) AT Y R OE ), WA
TENLA Y Al I 1) 5O A2 A ¥ 3, 4R 58 AN [m) T 3
MOENPIZ IR Ber P22 i0p-A

Y 507 10 G5 TE UG B O 2 #% i R 11 B R o
FEAN ) B Al E 3R, 05 T8 ML AT UAE AN it fn oh )
AR T 5 i DR G 1 N B, R AR B A U
RN, £ 3 5 Sl 2 U IE A G AR A R 25 1
T £3 mm P, B A8 A2 A0 5 05 E I AH A X0
B A7 B HLAG AT AR SR F i 008 BT 3 i %o b o B A
BT R, H R 4R 19 B0 2 A0 8 W A 2Ry, vl
DL 2 i) s 5 146 5 A ity 1 A 0 K5 8k, s R A 43R
KB B BT 2K,

TR LA G AR 05 T8 ML J v 405 449, LA dlt fie Bk
A 8] A5 6 77 A 0 et g i fih vt B R R AR S A
MG (1) 53R, 25 47 JE AL G (8] GB i 7 28 10 d
KA F) F, <2260 N I, 5 7 HLAL A4 fish 3tb 5 15 A 2=
PEWOR . ZE b PR AT O B, B AR R
2 km/h (550 mm/s) , 73 i) i 4% 2 o 2 A% 75 .85 .95 .
105 mm g3t 4 ADoK 703K 5l R £ DL S 35 2 Bl
WA iE g, BE S B R S s 208k 500 2,
P 52 Ty i e i 12 fis o

P12 A, Y R v 2 AR d, 9 105 mm 1, Ml
TR AT A5 T AL 3 180 1 fie KRl A# 3 2 1976 N, B 1
T AL fioh b 758 24 i > A2 118 1 O, 80 4 1 ) 5 9 L
A 3 A B R Rl AE T AN 2 R i 2 AR d, = 105 mm
I g5 R il 48 g /0 325 o RE AR A 2 X R Y
2260 N, f55 05 I HLAE B3t 225K, d5c 0 i€ 2 o 2
1% d, =105 mm,

3 MEBhEH RS R AR

BEh IR H R G AT ik

B B B ) AR G BRI D7 LA T ARG T £
(19 Mo T A R 2 Al S I 98 ) 5 v E AR G A o B g
[t B3R R R R e R . R,
FEMORPLE 5 = B 5 05 T ML R A5 5 1 6 R A
B HRABE T8 5 % B2 #2 ) PID 83 3%, A Matlab

3.1

20

g 1l £

g £

,9 »_9

=2 =

i =

B B

S =
_10 1 1 1 1 1 1 1 1 1 1 _]0 1 L
01 2 3 4 5 6 7 8 9 10 0 1 2

i} jfl/s
(a) 1.0 km/h
& 11

Fig. 11

20
16
E ot
£ 5
£ o
5 g
g
£ 2r
= 0or
] 5
= o
-6
1 | 1 L 1 _87 1 | 1 J
3 4 5 6 7 =00 1 2 3 4 5
fish i) /s fisf ) /s
(b) 1.5 km/h (e) 2.0 km/h

S 1) T 32 SR %o 475 T AL 32 5 ) 5

Effect of different forward speeds on motion of profiling mechanism



2 BOUIE S HREEWCRNLE G B ER Rkt SRR 125
2800 2800
2400 2400+
Z s000k % L
2 2000 2000
% 1600 - ib( 1600}
e -K—-
= 1200+ = 1200
B 800 b 800
400 - 4001
] PO —J'Hﬁm.bl':tﬁjul:b\m L 1_44—-1-——\r1_.l1 luL—uL-\JH—lh
0 1 2 3 4 5 0 1 2 3 4 5
HiF (7] /s (7] /s
(a) d =75 mm (b) d =85 mm
2800 2800
2400 2400
£ 2000} < 2000}
R R
¥ 1600 (- B 1600
= 1200- = 1200}
N 800 - = 800
400 - 400+
4 L l il r—Lm Lnunl—\l—m—h
0 1 2 3 4 3 0
Bt [ /s ETIEW“
(¢) d =95 mm (d) d =105 mm
12 O [6) J s 2 2 % A7 JE AL A 52 5 4 5 0

Fig. 12 Effect of different tail end radii on force of profiling mechanism

BAFrb iy Simulink #5857 PID 42 i fiy AR, X
PID 2 i 4% LU ) R 80 K, ROy RECK, o R EK,
SR S B AT A
3.1.1 PID ¥l g% 1t
HRAE 5 T2 AR AR G2 150, A P A% I s a0 A5
WL RS 5 R4, ot 75 2005 08 WU I 7% /1 5 i
BHGENER R U RP
U=k«
A U— MR vV
ke, —— 1 BE AL I i o F T 5 O B A 1 A E
B4
a— LI i #5 1, (©)
#5505 HUAL i A% 1 22 ) f) B2 A6 Oy

(5)

H =k,cosa +¢q (6)
A H—WRHLE & 5, m
ke, ——WCARHILED 6 1o 55 D B8 £ 2 OB i 2R 5K

g—HH,m

255 50(5) L (6) ATA, W AR DL & SEBr e E
H, =k2(:osk£ +q

(7)

o, B 5 BESh 45 0 R g i [ 43 8 U5 L
I T 19 AR A AL, 5 T e B AL AR A%
(¥ S 45 bL A B4 1 i 22 e (¢) , >R I PID $5 i 7
P CEI RSN G R R W ORI K A S s
2L I 3R B A 9K Sl R A 4 B
FEPRATTC AT i 46, IF 5 10 F £ A 1 B d5t A 5 ik
7 He A, A ) £ 2 7 3 3k B R eh O Sk B
RHLE G B A . PID 4 4 5 3 A
K13 s

i 0
R | [T | [ el | s
It Tt 4

= PID 1% Ik eI
4’% weklas [ mapkian [ ] e w14
fBs e le— BEEI B fe—

F13 ek pLE &5 A s PID £ i) i 5 A

Fig. 13 PID control schematic of harvester header
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Tab.1 Results of automatic control performance test

when preset stubble height was 50 mm
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Tab.2 Results of automatic control performance test

when preset stubble height was 100 mm
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preset stubble height was 150 mm
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