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Abstract; Aiming at the problem of unstable tillage depth and unsuitable operation during the furrowing
process of the sugarcane double-bud cane section transverse planter developed in the previous stage in
hilly areas, combining with the working characteristics of the transverse planter, a tillage depth
monitoring system for the sugarcane transverse planter was designed, which consisted of a laser range
sensor, a pressure sensor and a single-chip microcomputer control system, and the relationship between
the tillage depth of the rear plough and the load pressure of the cylinder was studied, so as to realize
automatic control of the tillage depth by real-time monitoring of the tractor lifting hydraulic by real-time
monitoring the tractor lifting hydraulic cylinder load pressure, tillage depth changes, and compared with
the set tillage depth threshold, the automatic control of tillage depth was achieved through the control
system. Firstly, through theoretical analysis and Simulink simulation modelling, the motion simulation
analysis of the displacement relationship between the upper tie-bar and the lower tie-bar was carried out.
The three-point suspension load mode of the sugarcane transverse planter in the tillageing process was
studied, and the theoretical model of the relationship between the displacement of the hydraulic lifting
cylinder of the tractor and the tillage depth of the rear plough was established. Secondly, a
microcontroller-based hydraulic control system was designed to build a test platform for the tillage depth
monitoring system of the double-bud cane section transverse planter. Finally, the performance verification
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test and multi-factor orthogonal test were carried out on the test platform to explore the main influencing

factors of the tillage depth stability coefficient and the laws affecting the tillage depth control; the test data

showed that the system’s regulation response speed was less than 1 s, and the coefficients of the tillage

depth stability for different tillage depths were all greater than 90% , which was in the range of the setup,

and the test results basically matched with the setup values, which verified that the tillage depth control

procedure was reliability. Through the multi-factor orthogonal test, it can be seen in the interactive

factors of hydraulic speed valve opening, set the value of tillage depth would have a significant impact on

the stability coefficient of tillage depth, according to the results of the test when the speed valve opening
was 0. 56, the soil moisture content of 27. 4% , set the tillage depth of 29. 6 cm, the highest coefficient of

stability of the tillage depth was 95. 87% .

Key words: sugar cane transverse planter; automatic control system for tillage depth; hydraulic threshold

control
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Fig.4 Schematic of three-point suspension connection
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M2 2.3 715, M3 AR R 20 cm B,
W2 ()~ 4 TR I TR BE R 19.79 em, F20E Y R B K
92.9% , 785 RECN 5. 1% 5 B WU A T B
25 cm B}, I 1P TR R BE R 25. 36 em, FFHATR
JERRE REUHN 96.3% 557 RECH 3. T% 5 & FHiA
TRIZ R 30 em I I0A5S -4 THIE TR EE A 29. 96 cm,
FFRFaE T 2 RN 96. 7% , A5 S 2Kl 3.3% o it
A I ETEEE R B & TAREZER 1Y 80% , it
TR HLVA TR A2 i 2R G R 8 A n] S iz A 7 o
4.3 sERABSHREIH

S5 G TR R I TR EE 2 R e T &R
o SR BT R ) AR AL IS R 4y =5
T DB51/T 2708—2020 { H Ay A HLAE b 5 &) 45
HE M5 T 3R - e BRI, A S KR Tl
JE R BRI 1)+ S DL EE AR, 5 R
TRV T TR e B 50 R+ T AR, S0 IF 8 77 A 5
i Fr) - 498 R 28 A B KR, 45 B SEBRAVE ML g R A
T [T 5 A, 25 S AV R 2R 48, TR I8 7 A 5 )
R X6 35 7K SR R IR 3K ) X6 T3 14 5
M4 T 22 P 2R .
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FIH Design-Expert 13. 0 Z{4ig A 3444, #k— w6 FHEDH
R A E X RO B 52, iR €tk R Tab.6  Analysis of variance
BOE VPN ISR B B 48 A, DR 08 FH A S AC 25K TR AmE ¥ F P
W\ﬁ@ﬁﬁ@ﬁ%ﬁu&%,éﬁéiﬁéﬁﬁ,iﬂﬁlﬁ%@% ff* 393;8 f j ;j ;f- ;j g- gggz
Hg.? 7K3FE§C7§E§§QH JEWL 8 E)uiw/\. c 1830 1 18.30 81.67 0.0001
ZymidingE 4 iR, EXLREEIT5itm g B AB 0.0182 1  0.0182 0.0813 0.7838
%5 o AC 1.20 1 .20 5.35 0.0539
° BC 0.1722 1 0.1722 0.7686 0.4097
x4 EXHREREHD A2 0.2136 1  0.2136 0.9534 0.3614
Tab.4 Factors and levels B 1.47 1 1.47  6.55 0.0376
c? 2.43 1 243 10.86 0.0132
ot GED B2 1.57 7 0.2241
P TTIE A/ HIREKER B/ % THABE C/em X
-1 0.5 15 20 BLE BACPy 3534 16
0 1.0 25 25 _ NN .
X s 35 " [ A ANOVA ThREXT A A U540 5 47 T

x5 EXREITEHER
Tab.5 Orthogonal test results

SES
R - ; HREETE
ha=s PRI RMEEEK TRERE/ 5%
JE /1 /% cm
1 1.0 35 20 90. 65
2 0.5 15 25 94. 69
3 1.5 25 30 92.98
4 1.0 15 30 94.15
5 1.5 15 25 91. 96
6 1.5 25 20 91.23
7 0.5 35 25 94.19
8 1.5 35 25 91.73
9 1.0 25 25 93.16
10 1.0 25 25 93. 88
11 0.5 25 20 91.87
12 1.0 15 20 91.36
13 1.0 25 25 94. 15
14 1.0 35 30 94.27
15 1.0 25 25 93.97
16 0.5 25 30 95. 81
17 1.0 25 25 94. 63
4.3.1 WHERENERBOT 2250

fdi 1] Design-Expert £ {11 ANOVA Zjfig, X%t
TRRRE Mk R B AT T 22 53 Fr, W [R1 A 455 7Y v 4% T
FREHAT F RS, 45005 6 IR

HH % 6 TIH1 ITREG e ME R B AL P 4 0.000 6,
/NT0.05, FRomizbi il i 2 Ul AR A Gt e
L HZE A FIEZE C P 435124 0.000 3 F10.000 1,
BN 0.01, 52matl i 2%, MR 2 B /9 P {4 0.3570,
KT 0.05 52m N i 2% . BI45 R XA TR E M R
o5z KE)/NR C A B,

FZEOHT VR R? 49 0.898 6, R IR (7RG R,
TR LA (0 B0HE P RE R 4, [ R 5\7
0.752 1, WA I 120 £ 4 i) P BB R 4, JF H At
R* AL R® A220E/NT 0. 2, BEHT % JEAR o [ 45
AR AL M e S LA e 2 A
FIS
4.3.2 YRR T [E] 0S4

AR 6 BB Design-Expert 2 {47 [1]
VA3, 3 ] OB B S R TR RS e P RS &
S DR 2R ] [l YRS S SR I 25 00, 159 38 TR T
JEREE R Y X A2 Rk Z T hlA ) B

Y =93.96 -1. 08X, -0.17X, +1. 51X, -
0.59X; -0.76X; (6)

£ XX, X —— R g

iz ] Design-Expert H7 Diagnostics IJJ fE B, X}
IURFRE PR R B AT AR B, T 58 25 4E R
FEMEIHIZEIN R . 19 7T LU Bl 5 4

PRI I TREGE T R BORZEAT & IE A MU s OF
H P19 20 (4 8t oo A 7 BRI, HoAT B0 19 [0l

K19 WHEREEr %?ﬁﬁkﬁﬂfﬁ@
Fig. 19  Plot of normal distribution of stability

coefficients of tillage depth
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Fig.20  Scatterplot of predicted gully depth stability

coefficients

USIET¥ES) o

0430 3k i T EE [ A 1. O JEI, A5 3 1 e A
PRIV TR L X TR R M 28 A i ) Wi [ A T
UnPEl 21a firzs o AP AT U Y, O T8 T2 X8 TR
TR M 2R B 2R HE S RO 8 3, B A
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Fig. 21
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T R R /I — G (R 0 AR P 2R M
PSP T 5K R 0 TR P R
BRI B

4455 77 2 I I R e i 0 7 37 5
L, VIR 2 /1, V0 R K, 9 VAR M L
I 4 Design-Expert (5 43 BT B H 24
FFFIE S 0. 56 18 K H Ot 27. 4% FFVEIE
29.6 cm I, il BT Bk B 1) 90 VB HE R A, W

95.87% .
5 #ig

(1) AR PG 3t DX Uy ™ e ity R RS A
AR, S5 ) Y T b 1 A4 3 R 3 5 H RE A AR
PUBRALBEAR , Bt 173 T H RS 1) AP bl 4 A 3)

Fixed response surface plot of speed regulator valve opening
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