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Design and experiment of bionic shifting and
diffluence straw anti-blocking device

ZHU Huibin, ZHANG Xu, HONG Yang, BAI Lizhen, ZHAO Haoran, MA Shiao
(Faculty of Modern Agricultural Engineering, Kunming University of Science
and Technology, Kunming, Yunnan 650500, China)

Abstract; In the wheat straw covered land in Southwest China, the passive straw cleaning and anti-blocking
device on the corn no tillage planter is prone to some problems during operation, such as winding and blocking, low
straw cleaning rate in the seed ditch, and low operational stability. Based on the principle of bionics, the contour
curve of the front and rear limbs and the movement trajectory curve of the rear limbs of the Potosia brevitarsis were
taken as the bionic prototype. A bionic shifting and diffluence straw anti-blocking device was designed. Through ki-
nematics analysis, the influence law of key structural parameters on straw cleaning and anti-blocking effect was
studied. It was determined that the movement deflection angle of the grass wheel was 30°, the wheel disc diameter
was 204 mm, and the number of grass wheel claws was 13. Using Design-Expert software and Box-Behnken experi-
ment optimization design method, the regression mathematical model of the depth of grass wheel (A), the forward
speed of the machine (B), the deflection angle of the dividing baffle (C) and the straw cleaning rate (Y) were es-
tablished. The analysis showed that each factor had a significant influence on the straw cleaning rate, and the signif-
icance was C>B>A. The optimization results showed that with the depth of the straw wheel of 11 mm, the forward
speed of 4 km - h™' | and the grass dividing baffle deflection angle of 35°, the straw cleaning and anti-blocking de-
vice had the best working performance. The field verification experiment showed that the machine had good traffic-
ability, the actual straw cleaning rate and its coefficient of variation were 90.58% and 1.20%, the average soil dis-

turbance and its coefficient of variation were 20.00% and 5.30%. The operation quality was stable, which met the
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agronomic and technical requirements of no-till planter operation.

Keywords: minimum and no-till planter; shifting and diffluence straw anti-blocking device ; biomimetic; Po-

tosia brevitarsis ; image processing; DEM simulation
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Fig.3  Boundary contour curve of front and rear limbs of Potosia brevitarsis
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Fig.4 Comparison between boundary contour curve and fitting curve of front and rear limbs of Potosia brevitarsis
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Fig.5 Residual diagram of front and rear limbs fitting curves of Potosia brevitarsis
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Fig.9 Structure diagram of bionic shifting and diffluence straw anti-blocking device
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Significance

freedom  square

R Model 45.7215 9 50802 66.9828 <0.0001 * ok

item sum

A 0.6050 1 0.6050 7.9770 0.0256
B 1.2013 1 12013 15.8387 0.0053 ¢
C 9.8125 1 9.8125 129.3787 <0.0001 * %
AB 0.3249 1 03249 42839 00772
AC 0.4624 1 04624 60968 0.0429
BC 0.9025 1 09025 11.899% 0.0107
A2 9.2227 1 92227 121.6032 <0.0001  * *
B 9.6641 1 9.6641 127.4227 <0.0001
c? 10.1158 1 10.1158 133.3783 <0.0001  # *

Residial 05309 7 0.0758

ESiNEe

Lock of 1 04285 3 0.1428 55794  0.0651

gifiit

P2 ol 4 00256

Pure error

A

B2 46.2524 16
Total
s 0.9885

LA

EREC 09738

Adj R?

AR

IR

oy 03031

fEME
Adeq  23.8738

precision

T+ FRBE(0.01<P<0.05), * * FRWEBE(P<0.01),
Note: * indicates a significant effect (0.01<P<0.05), * * indi-
cates a highly significant effect (P<0.01).
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|ﬁﬁﬁ§22§ ¥4 J5 & Front limb structure

VAL BR 2 p, fitting residual
VIR A B 22 y. fitting residual

st NAEDSERs

v, fitting residual
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Fig.8 Residual distribution diagram of fitting

2 BERSAN. EREHER
Fig.2  Original structure of front and rear

limbs of Potosia brevitarsis motion trajectory curve
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3 HEHAE

SIRHA 16.5~23.6C , 50 X 60 mx5 m M,
TR LTt RS B KR N RS A
o B IR 2308 55 T B 5 1R Bk 3 e B, 1 b 1 8
B ERPE BT AN 4 7R . BiFEVEY)/ N A TR
200 mm , ARG 4 e w0 1, N RS AT K

3.1 REEHENHEEE

KT 2020 49 H 7 HEE A RAHE T K
222 DU AR AR 1A T (24°51'N, 102°51'E,
TR 1892 m) HEAT, ANl 16 iz, i B0 291 6] H S
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9118 mm , FEFTF &K HN 14.6% , R B A E N 5
~10 mm , FIJFRAE (MR DL /N FEFT BAR 2 1) 6
PR) 5558 88.3% , IR it 0.636 kg -
m ™, G SR R P A (A0 ) Bt AT % AL i v
%) (GB/T20865—2017) WML &, 156 & T ik %%,
B4 T 304 BIHIFIHL SC-900 3 S FE AL FR
T B TR0 JES02 B ROF,
3.2 REERSHE

HRIE A B E R AL A F AR BEIE ) B ARl
TRAALIE 2 Bl S HHE R ALY BEAG I R 70
Pt PR BB b A SR e TREAPL L DA B3R
SRR S AT H A1, 003 PN 28 A 48 L3
e SEPRIER R R

FE—ARIA TR A B 5 m 3 H 10 AN
WA A B A 2R e IR Rl TP
JEETE 4 ADPRESEATIC S, oI FE sk R A — IR
WHENARE, B A TR 5k e R
e B TAEFTE M A P RS FF B i TR S PR v A
Ry WEAX X (14) ,y EBOCHE & S
BrIFYE T BUBFATHE Z o 600 mm 35 + 53k
i, A ARX N (15) ,n (/N

7:(1 —]’ijmO% (14)

A,y NEPRIERER (%) s M AR AT I i R AT
it (kg) sm AL R IR RS AR (kg) .

W
n =, x100% (15)

X, m N IERB & (%) 5 W o 52 FR IT 18 98 &
(mm) ;Z AFEFITEE (mm)
3.3 REERS5HH

oy 0 SR A 36 | e Bl I A AR n 3k
5.3 6 iR, LBRVEML  HAE— AN s R AR R i
TEIE ALY 8 P R 5 2% 0 3t A S g 1
FEHECA IS 35 R B iR 20.00% , 15 2 A
ISR ; 0 B A [R) 28 289k o =ik 25 B 3% HLAA 5 AT
HBRRA T 50% ~80% , I sh =1k 7 By 35 AL AL 75 FT
TBRR A 90% Le A7, ARV A2 SE PR A FF 1 B 2R

x4 KBRS LEWEER

Table 4 Physical properties of soil in test area

bt +JZBEE Soil depth/cm

Physical property 0~5 5~10 10~15 15~20

ZTE Unit weight/(g + em™)  1.12 1.24 1.27 1.31
% 7K # Moisture content/% 11.4 13.6 17.4 19.1
IR S/ MPa

Soil compaction

0.65 0.82 1.10 1.20

4 90.58% , WA T 5 BLIR B0 45 5, 15 G B 3 OR B
Uf o JIF HSEPRFE AT B M 1 HE P 3h i 8 S R AL
B8N A3 900 1.20% F01 5.30% , AEWAHLES Y TAEF
FEMERT

4 4 i

1) DA B AE 4 o Ry AR TR i P 3 2735 A%
PR BB A e SRR AL AR A T AT | 5 e s A
N5 Tz AT, F Matlab A7 53 A0 H AR ER i 0
RV 1.0 ETEUR IS, R A Origin 3K 143K
57 HEAEL T 5 B B LA i 4 5 Bz 3
PP A I T T — Bl B 0 A 4k R
FEBis R E

2) SRR FAR AT T8 sh2# i, 15 iz 3
T ff & 5 MILEL XA AT 9 ) 1 4 2 76 FH 522 0E AH G 56
R, GHLEXFEF kS E 2 RAECOCR, #id
AT RS T 52 WA b fE 1 45 48 5 85062 B i
6 30°, Ik FA M ER D 8 204 mm, $kEE
JECER R 13 4

3) 2k H Box-Behnken 5 b 1 H 7 ik, i 4T
TR IEAC A G B BoT i AR 3T Design—

x5 MEBETBERIERNESR
Table 5 Performance evaluation index of the

anti-blocking device for allocating grass

i ¥25 Experiment number M/kg m/kg v/ %
1 0.354 0.033 90.68
2 0.289 0.035 87.89
3 0.396 0.038 90.40
4 0.317 0.028 91.17
5 0.384 0.031 91.93
6 0.296 0.025 91.55
7 0.368 0.033 91.03
8 0.314 0.029 90.76
9 0.346 0.035 89.88
10 0.328 0.031 90.55

Fo TEHMZBENER
Table 6 Determination of soil disturbance

sy

Experiment number W/ mm n/ %
1 115 19.20
2 123 20.53
3 121 20.20
4 118 19.70
5 127 21.20
6 131 21.87
7 122 20.37
8 119 19.87
? 109 18.20
10 114 19.03
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Expert FPEXHA 56 25 R AT 0001, 5745 T IAE /B
SHAE FFERALIRE T8 11 mm, HUEATIEHE
JEv A4 km - h™', SEPRA o« h35°,

4) H AR YR 25 S FBH 2236 (5 4 43 ¥k 0 Bl b 4
Bn, B R, PR ERRN
90.58% , V- 35 +- 14k sh i 4 20.00% , £ FF i B R A
+HE sh AR T RN 1.20% F1 5.30% , 7R
JERFE AT A BB LR AR 2R R ER
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