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Design and Experiment of Rice Straw Biaxial Deep-buried Returning Machine

WANG Jinfeng YANG Dongze WANG Zhentao FU Zuodong WANG Jinwu WENG Wuxiong
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In view of the problems that traditional single-axis machines are difficult to adapt to the wet
and clay soil conditions covered with a large amount of straw when straw is returned to the rice field in the
northern cold region, the problem that the quality of work is difficult to meet the needs of actual work.
A type of rice straw double-shaft deep-buried returning machine with forward rotation of the front shaft
and reverse rotation of the rear shaft was designed. Combined with the actual agronomic requirements and
the soil movement process, the horizontal distance between the center of the front and rear knife shafts
was 650 mm and the vertical distance was 100 mm, and the whole machine was configured. The EDEM
simulation software was used to simulate the working process of the field returning machine. Taking the
forward speed, front axle speed and rear axle speed as the test factors, and taking the straw returning rate
and the power consumption of the machine as the evaluation indicators, an orthogonal test was carried out
to establish the straw returning rate and the machine tool power consumption regression equation. Design-
Expert analysis software was used to obtain the optimal parameter combination, and the optimal working
parameters were determined according to the simulation optimization results and actual processing
requirements; forward speed was 1.5 km/h, front axle speed was 274.2 r/min, rear axle speed was
219. 4 r/min, providing theoretical support for subsequent field experiments. The field test results showed
that when the stubble height was 15 ~20 em, the surface straw coverage was 468 ~578 g/m”, and the
forward working speed of the tractor was the first gear of low speed (1.5 km/h), the rice straw biaxial
deep burial returning machine can still be used. The field rate was 88. 7% ~91.2% , the ground flatness
was 1. 8 ~2. 4 c¢m, the broken soil rate was 97. 7% ~98. 8% , and the tillage depth was 16. 6 ~19.5 cm.
All indicators met the agronomic requirements, which improved the straw returning rate and the broken
soil rate, at the same time, there was no phenomenon of stagnant soil in front of the machine.
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Fig.1 Structural diagram of rice straw biaxial deep
burial returning machine
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Tab.1 Main parameters of double-shaft deep

burial returning machine
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Fig.7 Arrangement of rear axle returning to field knife roller
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Fig. 12 Determination of straw returning rate
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Tab.5 Results of response surface analysis
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Tab.6 Variance analysis of regression equation

5 A5 5 9 H
L7 P LRk J . g g
R 77432 9 86.04  83.99 <0.0001**
X, 376.75 1 376.75 367.79 <0.0001**
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X, X,  36.60 1 36.60  35.73  0.0006**
X, X, 1.96 1 1.96 1.91 0.209 1
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EES X3 44. 54 1 44.54  43.48  0.0003**
X; 7. 14 1 7. 14 6.97  0.0334"
X3 3.24 1 3.24  3.17 0.1185
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W2 1.53 4 0.38
M 781.49 16
Ri 299.45 3 99.82  80.66 <0.0001*
X, 203.73 1 293.73 237.37 <0.0001*
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Fig. 14 Response surfaces of influence of various factors on straw return rate
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Tab.7 Field test results

- Wy 5 g
1 2 3 4 5
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Wh#E/%  98.8 98.5 97.9 981 97.7  98.2

BEE/ cm 17.2 18.8 17.9 19.5 16. 6 18.0

b

e 7 T, E 52 B I I A I 2R Ol



5% 4 1)

Ea g A ORAEFEAT XU SRR I AL S 29

88.7% ~91.2% , - {H N 89. 76% ; Bk J5 Hi 72 4%
BN 1.8 ~2.4 cm, F¥HHEN 2.0 cm; ¥+ KRy
97.7% ~98.8% ,F-HI{H K 98.2% ; HHIE K 16.6 ~
19.5 cm ,F¥{E N 18.0 em, 7K FFFE FF OUH B 34 18
FH AL FH R 4 ol 2% R 0 J2 6l FF 34 FH 0 225K, DA HH [) AR
AP AR AT LA H KR R A XU a4 B AL AE B S S
B ML LA b T 4 e At L R LB LA O 2
L,

(1) B3t 1 — B K R A5 AT SURh 28 1Lk L BIL, >R
JH BB IE € i b B ) 3 7 5, 0] BE AL A A e O
ST EAT BT o 8 A X SR A TR e S BORL Y 12
St REFEAT 20 A, R 5 Wl AR A 7 O & O LA
b RCHE B 5 B, B E TR R ) bk O B RS

650 mm ' F i £§ 100 mm

(2) i ] EDEM &5 807 5 1F #E 47 05 553 17, R
FH Box — Behnken W i [ £ £k 32 2 47 = B % = K F
TEAZ g, W5 1 AL L i R A e LS
O T FF i HH 38 S D FE 09 52 ), I AR 98 05 Z A0 A 45
IR RSB n R SR A 0 e L TAE S8R < i R
1.5 km/h Fj#0%5EE 274. 2 v/ min 5 %3 219. 4 v/ min,

) WM REW, AERBERE N 15 ~
20 em ML R FFE 55 5l 468 ~ 578 g/m’” i P HL T
HEVE Y 3 2 AR TE 1 £ (1.5 km/h) B 7K R 5 FF XL
BRI A LR 5 38 Ry 88.7% ~91.2% |
MR B R 1.8 ~2.4 em (B8 L KK 97.7% ~
98.8% HHE N 16.6 ~19.5 cm, £ T $5 b1 34 W & 4%
SR A BT R b T FE A R R A A AR
ALK,

& % x

(1] F&®, M, 4k

ARG 3 XA R AT BE R 2 B M BAR 5 & S e A [ 0] Aol LA~ 41 ,2017,48(5) : 1 -21.

WANG Jinwu, TANG Han, WANG Jinfeng. Comprehensive utilization status and development analysis of crop straw resource in
Northeast China[ J]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(5) ;1 —=21. (in Chinese)

Rl T 2447 ,2018,34(3) :26 - 34.

(2] whefE, BEIaE, X0 m B, 4. E R AR RS9 A R AR [T] . &l TR 240 ,2002,18(3) :87 - 91.
HAN Lujia, YAN Qiaojuan,LIU Xiangyang,et al. Straw resources and their utilization in China[ J]. Transactions of the CSAE,
2002,18(3) :87 =91. (in Chinese)
[3] CHEN Jin, ZHENG Mengjing, PANG Dangwei, et al. Straw return and appropriate tillage method improve grain yield and
nitrogen efficiency of winter wheat[ J]. Journal of Integrative Agriculture,2017,16(8) :1708 - 1719.
[4] WANG Yajing,BI Yuyun, GAO Chunyu. The assessment and utilization of straw resources in China[ J]. Agricultural Sciences in
China,2010,9(12) :1807 - 1815.
[5] JA5E.,4Kk4E  ERDY. KESHERFFEBIENET SR T]. R A= ,2012,43(8) :46 —49,77.
ZHOU Yong, YU Shuisheng, XIA Junfang. Design and experiment of cultivator for high straw returning in paddy field[ J].
Transactions of the Chinese Society for Agricultural Machinery,2012,43(8) ;46 —49,77. (in Chinese)
[6] T4l BRfmE,ZAE, % KEHBT2SEREE OISR 1], Al P ,2020,51(1) :84 - 93.
WANG Jinfeng, CHEN Bowen,JIANG Yan,et al. Design and experiment on machine for rice straw full quantity deep buried into
field[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(1) :84 —93. (in Chinese)
(7] F&R,FEar, B, 5. KRS RIET I B3R E R 5[ T]. RL UK ,2015,46(9) ;112 - 117.
WANG Jinwu, WANG Qi, TANG Han,et al. Design and experiment of rice straw deep buried and whole straw returning device
[J]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(9) :112 - 117. (iin Chinese)
[8] F&m’, TP, A MB, 5. KR EKE BB 5[ T]. ROk L2 ,2007,38(10) :54 - 56.
WANG Jinwu, YIN Daqing, HAN Yongjun,et al. Design and experiment of whole rice straw returning machine[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2007,38(10) :54 —56. (in Chinese)
(9] Zokih, R, EgkR, 5. SCTN — 180 B fi HF 5% i NE 5k 7 A5l AL A0 3+ 1508 [ 1], b Bl K 2% 2% 41, 2011,
16(2) :143 - 147.
LI Yonglei, SONG Jiannong, WANG Jicheng,et al. Design and experiment of a SGTN — 180 type rotary tillage-straw returning-
fertilization combined machine[ J]. Journal of China Agricultural University,2011,16(2) ;143 = 147. (in Chinese)
[10]  #AEP B4 0GR 45, kT BIOT 0 SUH @ B DL DD FE BUIN A AL [T ] AR HLAR 2 Hz ,2020,51 (3 7] 1) .9 - 16.
HU Jianping, ZHAO Jun, PAN Haoran, et al. Prediction model of double axis rotary power consumption based on discrete
element method[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51( Supp. 1) :9 —16. (in Chinese)
(11 &7ne 0K, R, 5. KPS ES 2 R Bt 55 [ T]. P ERH L ,2014,35(6) : 13 - 16.
JIN Yifu,QIN Haotian,ZHANG Ruihong, et al. Design and test of biaxial rotary duplex operation machine for paddy field and
dry-land[ J]. Journal of Chinese Agricultural Mechanization,2014,35(6) :13 —16. (in Chinese)
[12]  ZAE RS S KUK TR G BT 55 [T]. RPUEISE ,2020,42(4) ;117 - 124,131.
LI Zixuan, XU Keke,YAN Shiyou,et al. Structural design and test of stubble cutter roller for two-axis rotary stubble mitigation
machine[ J]. Journal of Agricultural Mechanization Research,2020,42(4) :117 —124,131. (in Chinese)
[13] k@, E AWM, 28 5. B8 FERTE LB 5% 0T].
ZHANG Xirui, WANG Ziqiang, LI Yue,et al. Design and experiment of sliding-cutting and anti-twining returning device for
banana straw[ J ]. Transactions of the CSAE,2018,34(3) : 26 —34. (iin Chinese)
[14]

NGRS, e, 2 30, 2. R AL A XA [6] 75 AT 30 HBE UL B AR M OCR BF 2 [T ], RO HLB - 41, 2018,49 (B 1)) -
68 —74,154.

SUN Nina, WANG Xiaoyan, LI Hongwen, et al. Performance of straw returning equipment under different mechanized straw



30 P SN 1R = R4 20234
returning pattern in northeast rice area[ J]. Transactions of the Chinese Society for Agricultural Machinery,2018,49 (Supp. ) :
68 —74,154. (in Chinese)

[15]  BREER, SR = Tk, 4. BFF AT b R B it Sl (], Rl PUmes i ,2021,52(10) ¢ 16 -27.

CHEN Guibin, LU Caiyun, HE Jin, et al. Design and experiment of straw pickup-crushed and deep buried device under
striptillage[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(10) :16 —27. (in Chinese)

[16] FEaEsm i, ks, 55wl 38 95 SRS AT 0 S 0L F AL S8 [ 1], RO ALAR 4 ,2017,48(9) :76 - 87.
ZHANG Zhiqiang ,HE Jin, LI Hongwen,et al. Design and experiment on straw chopper cum spreader with adjustable spreading
device[ J]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(9) :76 —87. (in Chinese)

[17]  E40 K&, B, KRR OEEEE UG B IR 5 [T ]. Aol HU s ,2021,52(11) :28 -39.
WANG Jinfeng,ZHANG Xin,TANG Han,et al. Optimal design and experiment of deep-buried reverse rotating sliding cutting
straw returning blade[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(11) :28 - 39. (in Chinese)

(18] J5oxfi, K5, FARMAN Ali Chandio, 5. 3T g #oT ¥t M hE#F il 2 LB AT B dr [J]. R PB4, 2016,
47(3) .22 -28.

FANG Huimin,JI Changying, FARMAN Ali Chandio, et al. Analysis of soil dynamic behavior during rotary tillage based on
distinct element method [ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47 (3):22 - 28. (in
Chinese)

[19] LA, EEAMA. FEPHL DB RBFFRLARLT]. Lo LR ,1997,18(5) :32 - 36.

KONG Lingde, WANG Guolin. A survey of research on rotary soil-throwing model[ J]. Journal of Jiangsu University of Science
and Technology,1997,18(5) :32 —36. (in Chinese)

[20] A3, EQRAN, BRECIM, 5. FEFFR B D ERMILEIT 5[ T]. R, 2017 ,48(11) :52 - 59.

NIU Qi, WANG Qingjie, CHEN Liqing, et al. Design and experiment on straw post-covering wheat planter[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2017,48(11) :52 - 59. (in Chinese)

[21] BEWH, e, BRE, 5. W s BRGNS R 5K [T]. RV ,2020,51(2) :65 -75.
LIAO Yitao,GAO Liping, LIAO Qingxi, et al. Design and test of side deep fertilizing device of combined precision rapeseed
seeder[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(2) :65 —75. (in Chinese)

[22] 2280, XU, 8P, 5. DNERH R EBAEEI R S5RG1T]. RV ,2019,50(11) :53 -62.

JIANG Meng,LIU Cailing, WEI Dan,et al. Design and test of wide seedling strip wheat precision planter[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2019,50(11) :53 - 62. (in Chinese)

[23] W% EFE HE,E. TR ST 05 A58 0 st 5 [T]. ol PLss 4k ,2021,52(2) :55 - 63.
XIAO Maohua, WANG Kaixin, YANG Wang, et al. Design and experiment of bionic rotary blade based on claw toe of
Gryllotalpa orientalis burmeister[ J|. Transactions of the Chinese Society for Agricultural Machinery,2021,52(2) ;55 - 63. (in
Chinese)

[24] kAR KB, S K IRIERFHE B AL 5[ T]. £k ML 24 ,2019,50(3) 125 - 34.
ZHANG Chunling, XIA Junfang,ZHANG Jumin,et al. Design and experiment of knife roller for six-head spiral straw returning
cultivator[ J]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(3) :25 —34. (in Chinese)

[25]  E4R, B, S =38, 5. BRI IR 3257 22 56 v B R SR ah AT A 05 B 5 [T, el HLA 2 4% ,2018,49(10) .
124 - 136.

WANG Xuezhen, YUE Bin,GAO Xijie,et al. Discrete element simulations and experiments of disturbance behavior as affected
by mounting height of subsoiler’s wing[ J]. Transactions of the Chinese Society for Agricultural Machinery,2018,49 (10)
124 - 136. (in Chinese)

[26] g, 2800, 40, 4. ST B BT I B RHUR DI e b it 5K [T]. R AL = 42,2020, 51 (45 7 2) -
85 -98.

YUAN Jin, LI Jinguang,ZOU Liangliang, et al. Optimal design of spinach root-cutting shovel based on discrete element method
[J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51 ( Supp.2) :85 —98. (in Chinese)

[27] AR, fafift , 230, 2. ST 8 BT IR AR 1 R i 3 e i L TR TS [T ] AR AL~ 4z ,2016,47(9) 62 - 72.
ZHENG Kan,HE Jin, LI Hongwen, et al. Research on polyline soil breaking blade subsoiler based on subsoiling soil model
using discrete element method[ J]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(9) :62 —72. (in
Chinese)

[28] 4, HN, Eaik, 55 BHAUK A A MEFIEPIBAER T SHEREMRALLT]. A= HR ,2017,48(8) 272 - 80.
WANG Jinwu, TANG Han, WANG Jinfeng, et al. Numerical analysis and performance optimization experiment on hanging
unilateral ridger for paddy field[ J]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(8) :72 - 80. (in
Chinese)

[29] TJA#,{L%% ,BELAL Eisa Adam,5F. JHKFE L IR RS BOTAHT[T]. RO AR 24,2017 ,48(3) :38 - 48.

DING Qishuo, REN Jun, BELAL Eisa Adam, et al. DEM analysis of subsoiling process in wet clayey paddy soil [ J].
Transactions of the Chinese Society for Agricultural Machinery,2017,48(3) :38 —48. (in Chinese)

[30] 5o, K3, AHMED Ali Tagar, 5. F5FF -2 0e 8t 7] KRG D REFF QBT E AT [T]. RIS ,2016,47 (1) -
60 - 67.

FANG Huimin,JI Changying, AHMED Ali Tagar, et al. Simulation analysis of straw movement in straw — soil — rotary blade
system[ J]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (1) :60 —67. (in Chinese)

[31]  ZEsge. BEHFHLAY LB FIAG S AT SE 4t A [T ). R BOR 546 45,2007 (12) =25 - 26.

LI Zenghong. Research and popularization analysis of the type and structure of rotary tiller[ J]. Agricultural Technology &
Equipment,2007 (12) :25 -=26. (in Chinese)
[32] EHEM EIOB, A, % XU e i 88 G st 52 ZHHE RS [T]. 2l T4 ,2021,37(10) :28 -37.

GUAN Chunsong,CUI Zhichao,GAO Qingsheng, et al. Design of biaxial rotary tillage soil test bench and layered tillage test
[J]. Transactions of the CSAE,2021,37(10) :28 —37. (in Chinese)



