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Design and test of a trenching depth control system
based on laser sensor
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(1 College of Engineering, Nanjing Agricultural University/Jiangsu Provincial Key Laboratory of Intelligent Agricultural
Equipment, Nanjing 210031, China; 2 Agricultural Bureau of Xiangcheng District in Suzhou, Suzhou 215100, China)

Abstract: [Objective] To design a kind of trenching depth control system based on laser sensor, so as to
solve the problem that it is difficult to adjust accurately the trenching depth of chain trencher. [Method] The
laser triangular-reflecting displacement sensor was used to detect the trenching depth in real time, which was
compared with the target value. The closed-loop control of trenching depth was realized by the control system
making decision and driving hydraulic system and actuator. The field experiment was conducted to compare the
control precision and stability before and after enabling the system. [Result] The result of static test showed
that when the different values between the detection depth and the target depth were £50 mm, the response time
of the system were 0.19 and 0.31 s respectively, and the maximum control error was 3 mm. The field test
showed that when the trenching depths were 200, 300 and 400 mm respectively at the speed of 3 km-h™', the
control precision and stability for trenching depth of the chain trencher were improved after starting the control
system. Compared with closing the system, the control precision and stability coefficients increased by 2.3% and
4.3% respectively after opening the system. [ Conclusion] This control system responds quickly with a high

control accuracy, and the control error satisfies the set requirements. The result provides a solution for
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controlling the trenching depth of the chain trencher.

Key words: laser sensor; control system; chain trencher; trenching depth; design and test; control
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Fig. 1 The structure block diagram of control system
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Fig.2 The structure diagram of chain trencher
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Fig.3 The schematic diagram of hydraulic system
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Fig. 6 The principle diagram of distance measurement of
laser triangular reflection displacement sensor
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Fig. 7 The static response curve at different trenching depth
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Table 1 Parameters of soil in the field experiment

RE/MmMm  HE/(gem®)  HKEMW/Y%  UBSLEE/MPa
0~100 1.31 21.63 0.91
100~200 1.48 18.45 1.89
200~300 1.55 16.83 2.34
300~400 1.58 15.97 2.87

=2 FRPEEFADRETREREAREHNERUNEESR
Table 2 The measurement results of different selected
trenching depths before and after enabling the

system mm
Ry — ‘200 mm : : ?00 mm : : ‘400 mm :
FN ;i == B S 2T B = F) BN ¢ I = P2
1 156 213 351 296 422 366
2 181 172 269 319 353 421
3 233 166 344 271 371 396
4 165 187 278 288 353 373
5 178 191 353 323 465 425
6 189 209 286 262 356 376
7 233 196 336 271 449 428
8 239 179 245 322 386 386
9 196 189 329 289 331 389

10 206 216 347 311 418 438

F¥ME 184.6 191.8  313.8 2952 3904 399.8

http://xuebao.scau.edu.cn

AR SEBR TV iR B B 45 R T STV TR BEAR,
SETERE SR W 8 .

1.00 [
0.95f
0.90
0.851

ﬁ 0.80

f_é 0.75

20701
0.65T
0.60 [
0.55f
0.50

300
THE TR /mm

8 TAREREMRH
Fig. 8 The stability coefficient of trenching depth of chain
trencher

P SE TFVERE N 2004 300 AT 400 mm I, 3¢ ]
TRV IR FE R R G, SEBRI & R VA R FE P YA oy
5A 184.6.313.8 F1390.4 mm, AR ERE M &R
BN 86.8%- 87.2%N1 88.3%:; JA5h R 45, T H1E 5>
5N 191.8.295.2 fi1 399.8 mm, £ 5E M R ¥ 5N
91.1% 92.3% F1 93.5% . B JH B VAR 151 &
Gu)a, B VAN LIV B B4 kG P A fe e A5 2
PR, IR IR 2.3%, Bt R B 4.3%.



96 R AN %39 &
3 &g [9] MRFOR, B4 T, RV, 55, — R/ B AL R

BT WOt = R A EE R B, it 1B X

ATFVANLR TV IR FE 32 ) R 48, 305 X0 G A AR
LS R TFVARE, SEBUTTFVE R 3E DL S i
o FRAS PRI R, MRS B AREAE £
+£50 mm B, F G800 S [A] 5350 9 0.19 F11 0.31 s,
KEE IR Z 3 mm, R G000 BIRGE, #2657 ZE W E
AN . HIEREGR Y, B RGG, EHkE
T 23%, REMEREIEE T 4.3%. ARG RN
XTIV IR BE 1 ) i) R A 7 — Pk g2
SE k-

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

HER, BRE, g, % AT MATLAB 18R JF
WAL R AL BT 5 70 B 0], WAL AL, 2000,
48(1): 210-214.

TR BB R R VAL B A SRR D). i
PEALRAMBHR A, 2010.

TR, EAR, B2, [E A A R R AL TT A B AT 5T B
AR[I]. RHLHEF, 2016, 38(5): 264-268.

X G HE, XIS, MR, S5 SRR IR EE I H R4
%5 = PRI [T]. Rk TFE 253, 2015, 31(6): 35-
41,

R, A8 Atar, % BT ATmegal28 5/ HLITY
FVHRE BRGNS A PRI Rk TR %W,
2011, 27(10): 11-16.

WEATHERLY E T, BOWERS J C G. Automatic depth
control of a seed planter based on soil drying front sens-
ing[J]. T ASABE, 1997, 40(2): 295-305.

HARE, KRB, TS, 55 5T s s S R
HUBRIRFES2 B RG], ARAHUEER, 2015, 46(4): 1-8.
TS, BFR R, XIBEMS, . 3 3R 5 R A B i S
P BRI [T]. Hem AV R 2254, 2017, 38(5): 117-124.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

SRR T Z ] Bl 510K, 2014, 29(11): 73-76.
s, XY, S OB R AR S P i R GE vt (0]. L
AL, 2018(4): 2-4.

JEVE . BT EPA B ol 42 83 ¥ 1H[D]. Ki#E: K
ERE K, 2013,

TR, w5, T BOC= AILGR). RS
%, 2004(S2): 601-604.

T 1) 5, AT ELING, AR3E, . KR Tl A RS ARG 9
BUHEF 14 58 150 2 8 1O A2 (0], 679 ARk K 32 4R,
2017, 38(1): 120-124.

MG, M5, A [ A0 o A AME I R R
TH5 SEIRI]. R % THE, 2014, 22(4): 815-821.
AR, [WILN, EATT. ks BEOE = A AR AR IR
AR IARI]. B2 D62, 2004(3): 33-36.

M. mE BRSO R BRI AL D). S M
K2, 2006.

TRAYEIE, 1R Z I, RN, & 230 2RAT TR L
TR RGBT, T EREE, 2014, 47(16):
3214-3230.

YANGH S, YANG B, DAI Y J, et al. Soil nitrogen re-
tention is increased by ditch-buried straw return in a rice-
wheat rotation system[J]. Eur J Agron, 2015, 69: 52-58.
WANG X H, YANG H S, LIU J, et al. Effects of ditch-
buried straw return on soil organic carbon and rice yields
in a rice-wheat rotation system[J]. Catena, 2015, 127: 56-
63.

AHLIE. 75 BE 1KJ-35 JF VA HL[EB/OL]. [2018-04-19] .
https://www.nongjitong.com/product/11167.html.
JUaK e 20 TT ¥ B A B8 A2 5 3 BE L[], R L,
2006(20): 6.

A N B R R S TR R VA AL A b R
NY/T 740—2003[S]. Jb5i: H EFR#E H ARFE, 2004.

[REHE FASa]

http://xuebao.scau.edu.cn


https://www.nongjitong.com/product/11167.html
https://www.nongjitong.com/product/11167.html
https://www.nongjitong.com/product/11167.html
https://www.nongjitong.com/product/11167.html

