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Optimization and Experiment on Bionic Deep-buried
Device for Returning Straw in Field

LIN Jing ZHANG Tongjia TIAN Yang GAO Wenying QI Lin LI Baofa
(College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In order to solve the problem of insufficient depth of trenching, low depth of deep-buried, high
resistance to trenching in straw returning work, the design of trenching device for pneumatic straw
returning to field was optimized. A parameter optimization design of the deep-buried straw was proposed
to simulate the front-foot curve of the rake, and the cutting ability of the side cutting edge designed by
Archimedes”helical design was used to cut the soil to complete the trenching operation. Matlab was used
to reduce the resistance and consumption during the trenching operation of the bionic part obtained by
binarization, expansion and edge coordinate processing of the front foot, and then the discrete element
software EDEM was used to design the bionic trencher and the ordinary trencher. The simulations were
compared and the simulation results were verified by the soil trough test. The analysis of the test results
showed that the simulation trencher can reduce the resistance by 9.48% compared with the ordinary
trencher during the trenching process. The quadratic orthogonal rotation combination design of Design-
Expert 8. 0 software was used in combination with response surface methodology to establish a regression
mathematical model for deep burying rate and operating efficiency of the straw, speed of implement
advancement, deep burial depth of straw and straw mulching amount. The analysis result showed that the
order of the factors affecting the deep burial rate of straw in a descending trend was straw coverage, deep
burial depth of straw and tool advancement speed; the effect of each factor on work efficiency was the
speed of implement advancement, deep burial depth of straw and straw cover; interaction in depth of

straw depth and straw coverage, machine tool speed and straw coverage had a significant impact on work
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efficiency. After optimization, the optimal working parameters of the trenching device were achieved with

deep buried rate weight of 0. 7 and work efficiency weight of 0. 3. The forward speed of the implement
was 1.63 m/s, the deep buried depth was 27.97 cm, and the straw coverage was 340. 54 kg/hm”, the

depth buried rate of straw was 90.491% , and the working efficiency was 5.4 hm’/h. The analysis result

showed that the optimized work effect was in line with the straw agronomy requirements. The research

results can provide a theoretical reference and basis for the optimal design of trenching device for deep

returning of corn straw.

Key words: deep buried straw returning; biomimetic; image processing; simulation model; experimental

design
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Tab.2 Bionic trenching knife design parameters
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Fig. 11
3 R BOF S ER RS AF R AR . HLE TAR SRR 4]
FEALEL DUIF 98 ARl i 4 i 2 2 2, AOBIL LA i T A
T o TEs, 10 min 47 7 (9 B 25 FHLE /Y A 08 58 LA

B AT TR R 1 e BUR B AG B 19 TARSICR
R = R AR K 0k [l U TE S e 5% 415 i Ak
I T5 ik o BECHL L AT A RS AR IR IR S
B R C A IAE N R (N E K I 3), U
DRIy TARRR y, iR AR, — L kAT 23 4
W (PRI 9 41, R il gi 5 o 15 ~
23) IREEHUE A 3 YIS 1P (. IR I, ey
AL R B 200 R R E TARARZS 5 78 A IR IR 380K 7
(1 b AT IR, R DR G T 2R AT 3 iR B
P A K 8 B R 5 K 3 A Design-Expert
8.0 H RS a6 B4k 2 AT [0 091 23 A, 336 1 00 A2 2R

n 4 fon.

(b) H[EAL:

Field experiment
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Tab.3 Experiment factors and codes
S
i HLEATHE R/ FEAF L T FF L i 1/
(mes™") TR/ em (kgrm™?)
1. 682 1.90 30. 00 500. 00
1 1. 63 27.97 459. 46
0 1.23 25.00 400. 00
-1 0.83 22.03 340. 54
-1.682 0.56 20. 00 300. 00

3.3 ABRERESH

i ] Design-Expert 8. 0 i 86 4% 5 ¥k 47 48 1143
BT, 5 4 Wi 7 1T 95 1A 0 09 O R 0 R M A
B0, 3 37 ¢ TR AP R 3R T AR AR [l S AR
P 405 F5 R (1 e 7 TR 53 At R0 45 PR 2R ) 1 A2 ELAE

WEAT B IE
30301 PR (] A Y 4% B 5 I 2 A A

DRI AR ol AR 5 W 3 Pk Ty 22 A5 RNk S P
INo AE0.05 {5 3 VAR X el A 5 R AT
PERN Ty 22 50 M, 43 B 45 R nT AR nl R 7 B A F =
48.38 >F, ,(9,13) =4.19,P <0.000 1, 5 4% &
BRI F=1.96 <F,,, (5,8) =6.63,P =0.189 3,
VLWL AN A 35 B R 4538, X T A
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Tab.4 Test results
- IR AT S IR T8 R
A/(m-s™") B/em  C/(kg'm™2) /% y,/(hm’h"")

1 0.83 22.03 340. 54 86.78 5.69

2 1.63 22.03 340. 54 85.33 4.49

3 0.83 27.97 340. 54 91.47 5.43

4 1.63 27.97 340. 54 90. 69 4.11

5 0.83 22.03 459. 46 80. 31 5.30

6 1.63 22.03 459. 46 75.78 4.42

7 0.83 27.97 459. 46 82. 66 4.53

8 1.63 27.97 459. 46 78.79 3.59

9 0.56 25. 00 400. 00 85.33 5.10

10 1.90 25. 00 400. 00 79.32 3.41

11 1.23 20. 00 400. 00 82.33 5.43

12 1.23 30. 00 400. 00 85. 67 4.56

13 1.23 25. 00 300. 00 94.32 5.16

14 1.23 25.00 500. 00 74.58 4.35

15 1.23 25.00 400. 00 83. 66 4.93

16 1.23 25. 00 400. 00 82.79 4.89

17 1.23 25. 00 400. 00 84. 99 4.87

18 1.23 25. 00 400. 00 81.77 4.95

19 1.23 25.00 400. 00 84. 67 4.99
20 1.23 25.00 400. 00 83.78 4.74

21 1.23 25. 00 400. 00 82.98 4.78
22 1.23 25.00 400. 00 83. 00 4.88
23 1.23 25.00 400. 00 83.55 4.98

x5 RIEXRFEHW
Tab.5 Deep burial rate variance analysis

SRR CPM HEE ¥or F P
L 18. 19 9 2.02 91.91  <0.000 1
A 31.49 1 31.49 23.88  0.0003
B 32.38 1 32.38 24.55  0.0003
c 358. 06 1 358.06  271.49  <0.000 1
AB 0.22 1 0.22 0.17 0. 6889
AC 4.76 1 4.76 3.61 0.0799
BC 2.75 1 2.75 2.08 0.1724
A2 1. 68 1 1.68 1.27 0.279 6
B? 1.13 1 1.13 0. 86 0.3707
c? 2.89 1 2.89 2.19 0.1629
BRI 17.15 13 1.32
He 45 9.44 5 1.89 1.96 0.189 3
w2 7.70 8 0.96
Mt 452.53 22 1.89

RN UR 3 BT A X TR R G R 0 O N D R AT
AL AT ORI HLR AT e o BLR i
JEE RS AT DR BL TR BE (Y F {ELAH T, Ul W 9 IR 3R AE A
6 Y0 1R PR Xk T T T S 2 e K R O [ AR N T
AP R . AR RN Z TR, &5
HAEF® P AEHAS KT 0. 05, B WIAT B W N & 52 1
X T R A A 52 W AN 2, I 45 P > 0,05 1Y

AN 25 T, 7 A 1T A 97 e Coo, S 1L L A2 3832 14 20 )
(B o, 1y T TR 8 T 110 9 B R o Sy 0 T 81 i 2 19
it {E)
y, =83.46 — 1.52x, +1.54x, 5. 12x, (17)
3.3.2 LARMCRMIHBAIZE RS B3 ot
TAERCR BB R 5 25 M7 2245 Rk 6
7R, AE 0. 05 Y & PR KT, % LR AR SR A [
VA3 B A0 5 22 4r Hr R AT, [ H 7 BB F =
133.02 > F,,,(9,13) =4.19,P <0.000 1, [a] ) 4%
&I F =0.34 <F,,,(5,8) =6.63,P =0.872 9,3}
HILG ANEA B 3 RIABI LG E A 3E 1, X T
FEA TR BNE A3 AT AR O AR R e K3/
D HLE R R R AT R R R A A A, RS AT
B i AR AT RS R FE Y F A AH I, D0 A R AE
AR TR 56 Y BN X T A SRR A 5 i K P A B TR I
H/NTHLE AT HEE T FEAE SRR HAEM
rh AL I RE RS A A 00 52 LR R AR
AR FEE (P =0. 005 2 <0. 05) DA A FF G 3 2
A AT 5 B 1Y 2 HAE A2 (P =0.000 5 <0.05)
BRI P >0.05 BRI, 7k B3
(]
y, =4.89 —0.53x, —0.27x, — 0. 24x, +
0.088x,x, —0. 12x,x, —0.22x] +0.045x,  (18)
K6 THEMRRFENHN

Tab.6 Work efficiency variance analysis

SRR FM AHE ¥o7 F P
T 6.53 9 0.73 133.02  <0.000 1
A 3.78 1 3.78 692.26  <0.000 1
B 1 1 1 184.03  <0.000 1
[ 0.77 1 0.77 141.07  <0.000 1
AB 4.05x107? 1 4.05x107°  0.74 0.404 6
AC 0. 061 1 0. 061 11.23 0.0052
BC 0.12 1 0.12 21. 11 0.0005
A? 0.74 1 0.74 136. 1 <0.000 1
B? 0.033 1 0.033 6.01 0.029 1
c? 0.025 1 0.025 4.52 0.0532
B 0.071 13 5.46x107°

He D5 0.013 5 2.51x107%  0.34 0.8729
% 0.058 8 7.30 x10 73

Bt 6.6 22

3.3.3  BXIEKR A me T 0N 43 A

T 4% PR 22 1] 9 38 T A OGRS A R R 1) 5
M AN 5 2, D) SH A B AR g o 7 T AT T S T 4% TR
FAHEAEF o TAESCR R 45 R an sl 12 iR .
Hi &l 12a AT, AL R HTHE RSy 1. 23 m/s R AT
5 I, WL P A A% R B A A A R SR
S8 I ARG 5 2 A ORI B — s B, ML TAERK



58 & A Bl B ¥ i

2018 4

A AR n s, f R 12b R,
UREFF IR HLYR BT N 25 em, L FiHE 3 — E 1, AL
B AR 5% bl 25 Rl FF 8 55 S 1) 1 o s /b 5 24 R
FF78 26— i, HILEL 5 T4 2k R il 2 AL L A9 i ok
L EE 1 1 oy 5o

0.27
400.00

42973

€ npay 45946 27.97

(a) A=1.23 m/s

0
42973 v
7 459.46 1.63

2)

“m

(b) B=25 em
12 4% D5 32 58 A R T A0 2850 256 5 0 % Wi ) T
Fig. 12 Response surfaces of interaction of various

factors on work efficiency
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