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Optimal Design and Experiment of Deep-buried Reverse Rotating
Sliding Cutting Straw Returning Blade

WANG Jinfeng ZHANG Xin TANG Han WANG Jinwu WENG Wuxiong YANG Dongze
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Aiming at the problems of high power consumption and straw entanglement of rice straw
returning to the field, combined with the operation process of the straw returning machine, the reasons of
high power consumption and straw entanglement of the straw returning blade before optimization were
analyzed, and a kind of reverse rotating deep-buried sliding cutting returning blade was designed. The
Archimedes spiral was used to design the side cutting edge of the straw returning blade to improve the
sliding cutting performance of the straw returning blade and the dynamic sliding cutting angle of the side
cutting edge curve was calculated and verified to meet the condition that the soil and straw slipped out of
the straw returning blade. The arc curve was used to design the tangent section of the straw returning
blade and the radius of circular arc was determined to be 60 mm on the basis of ploughing width and
installation angle of tangent section. The EDEM simulation software was used to simulate and compare the
straw returning blade with the straw returning blade before optimization. The results showed that the straw
returning rate and throwing performance of the reverse rotating sliding cutting returning cutter were
basically the same as those of the optimized previous straw returning blade, and the working power
consumption was reduced by 18.19% . The stubble height, cutter roll speed and machine forward speed
were selected as three factors, and the working power consumption was selected as the evaluation index to
carry out the orthogonal test design. Finally, the factors affecting the working power consumption of the
straw returning blade from big to small were determined as follows: cutter roll speed, machine forward
speed and stubble height. The field test results showed that when the field soil moisture content was 20% ~
30% , the surface straw coverage rate was 336 ~ 353 g/m’, the tractor operating speed was 1.5 km/h,

Weks H 9. 2020 —12-02 &[] H #: 2020 — 12 -30

EEWA: BRAARFEESTE (32071910) I [E 5 & S 47 & 352050 H (2018 YFD0300105 —4 2016 YFD0300909 — 04 )
EER N E&0WE(1981—) 55, B0 11 A4 0, 2 %2 A S5 M ML 58 , E-mail ; jinfeng_w@ 126. com

BEESE: T4R(1968—) 5 #0487, 4 A S0, 3222 A [ (E] HLAR AL A AT 55 D 5E , E-mail ; jinwuw@ 163. com



11

Tl 55 KFEFE AT R iR T U E W TR AL B S i g 29

and the blade roller rotating speed was 250 r/min, the operation effect of straw deep-buried sliding cutting

returning blade was that the average tillage depth was about 18 e¢m, the returning rate was 87.9% ~

89.7% , and the surface flatness was 2.1 ~ 3.7 cm. All the operation indexes met the agronomic

requirements of straw returning, and the rationality of simulation test was verified.

Key words: paddy; straw returning to field; reverse rotating sliding blade; discrete element simulation
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Tab.1 Calculated values of various angles of side

cutting edge
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Tab.2 Measurement results of installation angle tangent

section of two kinds of slip-cutting straw returning

blade with arc radius
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Tab.3 Contact parameters of discrete element model

of soil and straw returning blade
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Tab.4 Contact parameters of straw discrete

element model
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Fig.5 Simulation of soil trough and straw model
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Fig.7 Particle velocity and movement trend in each area
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Fig. 8 Simulation results of top soil particle velocity
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Tab.5 Number and proportion of particles in

different regions
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Fig. 12 Power consumption curve of straw returning blade



11

Tl 55 KFEFE AT R iR T U E W TR AL B S i g 35

5 B 25 SR W, B BT A R AT SE i U138 | )
FEAE 2 E ORI+ e 9o 73.3% |, I )2 4 HEURE
i A Fe 9 R 74. 3% 4% Ge ik B T B 2 40 4 H R
75. 6% )2 1 5 UKL i+ LN 76.5% , 22 (H 4
BN 2.3.2.2 AN E 43 A, AT R GE D+
B JE A M [7) 5 26 A [0 Bk 1 DX 8k DA 21 €0 6/ J A+ 3
(RS A AURE , DL B 68 3R R 3 1 S I R FF 0K, 11
B AR IS B ) ARk JE I H R 4y R 95.3% F
95. 8% , ¥4 J& B FT A FH (W e B3R 5 713G AT I lie
W U)E | ) B AR 4 DI FE S 851. 6 T, 4 ik H )
(AR AP Y T FE R 1 041 ), R E D FE IR T
18. 19% , fr i i+ (b A Slie i U1 36 B T 78 Ak ik B
T = 8 B TR 45 T 34 HE T A U e BRI
T HALE L DI #E
3.5 BERESERRRE

SR A [ HLVE L D) AE A 2N R A - i 1 HLAT
HEHRE DR ORI BA A B . AR HAB SR AR Y
(=LA O = N1 82235730338 0 N 7) s o - S N 3 8
UMb 22 3% B AR 1 R i ARk 7 X 3R R
g v i, B P DRE RS K, T ARG AR R B
Jei il A R, ML 2B £, R YT 4 4 80
FEMG K B S R R A S S LR T 4R 95 5L D)
MR,

SR FE R A LR L D AR 2R R AT
SHRE KO IE AR g B, AR i B S PR AR
WA RSk (6,9 1L R 45 14, 33 ik 56
HEmMGILE 6, PRI RILET,

x6 KEEFRRKRD

Tab.6 Codes of experiment factors
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-1 140 190 1.50
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1 260 250 3.00
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Tab.7 Simulation test design and results
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1 140 190 2.25 52.10
2 260 190 2.25 52.89
3 140 250 2.25 55.50
4 260 250 2.25 56. 30
5 140 220 1.50 52.02
6 260 220 1.50 52.90
7 140 220 3.00 54.20
8 260 220 3.00 55.10
9 200 190 1. 50 52.98
10 200 250 1. 50 54.78
11 200 190 3. 00 53.92
12 200 250 3.00 57.52
13 200 220 2.25 53. 60
14 200 220 2.25 53.30
15 200 220 2.25 54.10
16 200 220 2.25 53.10
17 200 220 2.25 53. 60
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Tab.8 Analysis of variance of quadratic polynomial

model for power consumption of straw returning blade

UE-+ 3 ¥or F B -7 #l P
(X 33.55 9 3.73 <0.000 1"
A 1.42 1 1.42 0.0123"
B 18. 64 1 18. 64 <0.000 1 *
C 8. 12 1 8. 12 <0.000 1"
A? 0.36 1 0.36 0.989 2
B? 3.81 1 3.81 0.978 4
c? 0.4 1 0.4 0.0393"
AB 2.5x107° 1 2.5x107° 0.134 1
AC 1x107* 1 1 x10°* 0.0009 **
BC 0.81 1 0.81 0.1182
5% 2% 0.89 7 0.13

AT 0.31 3 0.1 0.584 4
afi iR % 0.57 4 0.14

Jeyill 34. 44 16

Vs FORZERM R E (P <0.01); « 5 %ER
0.05),
b 20. 712, O KT 4, 6 AR R EL A 4 iy ]
FEVE . H R R B RT T HRA  MLEL R X
M FH LTI AE 52 bl 5 2, B A v B GF A B DI FE
M) i 2, 5 0] DR B /N IR Sy < 0 A A 1 PIL LI
R TE

221 2% R 2 52 B 00 M oy i TG P o 8] 13a T
UL RS S I Ol 200 mm B Bl 25 0 5R  E A L L
T 0 0 3G o, WL L T R 3 K, ) R T Y
R 6 24 Sy ML iy 2 R 0 A o el IR 13D Al AT

BF(P<



36 & Bl B ¥ i

2021 4

5 2.
\)’@/( ) \
r., . 200 1.80 g3
'721,,\1) 190 1.50 ,,?@x};v
(a) A=200 mm

SR LEFE (kW b )

(b) €=2.25 km/h
13 2% PR 2R 58 280 g 7 T
Fig. 13 Response surfaces of interaction effect of

various factors

TEHTE Ry 2. 25 km/h, B4 4 5 JE7E 140 ~ 260 mm
TR, 320 FEAL I 6 Bl 25 70 4R B 3 1% 4 o 522 B 5 ok
ZINJE B R B4 8 A, T ) AR B RS 4 1 RE R AT
FHEWLHEATT 2 1 IFEHCR, 7 190 ~ 205 1/min {12
L DAY B ) R P ) R e, A R B AR e, AR
/N AE 205 ~250 r/min JE R N, DI FERE R T) 4R 5L 1
P e B WO, HLIE R R O, A ) AR e B
e I, B R R A 28 A 0 BILEL TG A S e 50N

4 HiEKE

4.1 KEHZE

S A 36 7R A A e T L T D) 3 P D ] A
MR AR TN T2 3 58 s T 2020 4 9 A 24 H
TE F VLA A 37 vl MR T B 5 Ak 375 K A b A 2
Ho, PLKCT 2020 4F 10 A 19 H 7R A 37 i Aif 2 40 i
PEAC AT T RS AT a4 T ] 3

HE I B T B A 3 T 18] 3 56 () 5 1 i T 2 i
WK B EAT RS FF 8 AR, B FF A0 L 8 55 K %
B, HPR BT AN B AT RS AR BAR M, 7 ] 3
56 b SV BRI R T 26 I3 90 T s T ] X
RO AR 14 s .

HRAE NY/T 499—2013 (e B LAl o) |, Pl
Il AR5 BF R O TH R R P B R AT 1

x99 EMIRER T REMG

Tab.9 Working environment and working conditions
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Fig. 14 Field experiment results
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Tab.10 Comparison of test indexes
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