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Design and Experiment of Direct-injection Straw Picking and
Crushing Deep Burying Machine
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Abstract; In order to improve the quality of straw deep burial, a direct-injection straw deep burial
method was proposed to address the problems of poor straw picking effect, single conveying method, low
conveying efficiency, and low deep burial rate during the straw deep burial process. A direct injection
straw picking, crushing, and deep burial machine was designed, and the overall structure and working
principle were explained. Design and analysis were conducted on key components, and a nonprotective
ring-type pickup device was designed. The movement stages of the pickup device and the trajectory of the
tines were analyzed, and the phase angles corresponding to the four-movement stages were determined.
A mechanical conveying device consisted of straw conveying screws and blades, and a pneumatic
conveying device mainly consisted of straw ejection fan blades and straw conveying ducts. The straw
conveying capacity was analyzed, the straw conveying screw’s structural parameters were determined, and
the straw conveying screw’s minimum speed was obtained. An analysis of straw conveying blades, straw
ejection fan blades, and straw conveying ducts clarified that the key factors affecting straw transport
effectiveness were machine forward speed, straw conveying screw rotational speed, straw ejection fan
blades rotational speed, angle of straw conveying blades, and angle of straw ejection fan blades. The
simulation experiment results showed an interaction between the machine’s forward speed and the

rotational speed of the straw conveying screw. The optimal operating parameters were machine forward

ek H . 2023 -11—-15 f&B H Y. 2023 -12-23

ESTE : WA A SR 7 H AP T (CARS — 03) Ao g g Be FEARHIF Al 5 #5915 4391 F (15053349)
PEEM A A AR (1992—) 5 M-k, B SR 4 P B £ R 15 % 46 P55 E-mail ; tongzhenwei917@ 163. com

EAEEE : WIC(1968—) |55 HHT, 12k 50, 2 3 T 5 P B £ R 155 4 BF 5, E-mail . Thwen@ cau. edu. en



84 &l #Hl

L

2024 4

speed of 3 km/h, straw conveying screw rotational speed of 1 200 r/min, and straw ejection fan blades

rotational speed of 1 600 r/min. Field experiments were conducted on a direct injection straw picking and

crushing deep burying machine. The results showed that the average straw picking rate and average deep

burying rate were 91.02% and 90. 03% , respectively. The range of wind speed and operating torque at
the outlet of the straw conveying duct was 1. 78 ~26. 83 m/s and 61. 55 ~214. 78 N+m, respectively. All

working components operated well, and the operating quality was stable. The experimental results met the

design requirements and can achieve the operation of straw-deep burial and returning to the field,

providing a basis for developing and improving straw-deep burial and returning machines.

Key words: straw picking chopping, deepburial and returning machine; direct injection; picking

device; mechanical pneumatic conveying device
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Fig.1 Structural diagram of direct-injection straw

picking and crushing deep burying machine
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Fig.5 Phase diagram of single pickup time movement
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Tab.2 Discrete element simulation parameters
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Fig. 15 Process of simulation
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Tab.3 Simulation experiment factors and codes
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Tab.6 Test conditions parameters
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Fig. 17 Field experiment
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Tab.7 Field test results of pickup rate and

deep burial rate %
1 90. 08 87.33
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3 91.50 88. 83
4 88. 00 93.25
5 93. 67 89.33
SE 1 1 91.02 90. 03




%73

AfRfb 4 SR AT B R IR AL BT 5 1K 93

FERF AR BT 2ok . FEAFR IR By 5 HE A 4, 5
TE R A &, A AR ST R 25, T SO R AE
87% ~94% Z a1 A5 Ak, F- BB HE % 90. 03% |, i &
AT IR LA R 220K
4.3.2 UG AL

3 e PR ) S R ATLAS R $S A7, v AT AE
PSR- AN [ B 328 5480 1R AR XUy 1,78 ~
26.83 m/s, W SR THEOR o 38 i R A% a0 A5 A
AP R 61,55 ~214.78 N-m, H AR fk 32 8L 52 f5
WSS A m A SRR R HLA
I 20 A0 AR b 55 52 ), 3 SRR AE — S S N 7R
AR,
4.3.3 HLE TAERE

RIS 25 R ML S R b AL B R 5 T
VEF A A 2 128 e, R AT 0 5 A% 23R 2 3 T B, 46
RAEE W E R R ENG, BIVHEEE
PR A8CR R R (1] 18a) g IS R )

5 #ig

(1) Beit 1 B 3R AF 45 b e TR AL, 20 A
THARN B S L3 R G0 . XHda a4 s

BOEAT T BE TR IR R EE sl R T &
iz gy By BEXT I 08 AH AL £ o

(2) REBLAE - I 326 2 e AT T iR S
Bl 12240 AT AR TR M S 2 AR Y TR R L
ELH L | R i R e AR K
iz i o (AR R RS ORI o IR E T Is R IR
JiE i 15 A% B T I RS RS54 S8 AR T
IR S FE o XPAILAR— ) i 3% 2 & 4% 32 Bl B B ik
A7 1500 8008 T & Wi sh 280

) 45 R R W], 52 ma A5 FF oL e 1 o 35 &
Sk HIL L R 3 A R i % e, b LA
i A 5 R il MR e i 2% e 2 R A8 AR A AE b 3
S o W E BAEVE ML Z B ML R T #E S E 3 km/h
iz 7 W T A % A R 1 200 v/ min 1 XU 5 R
1 600 r/min,

(4) X B RS FH46 45 0 R R R AL 28 47 i) 3K
5o AR R, R RN 91, 02% , V- TR
MR 90.03% ,ia 5 T8 0 AL X E N 1,78 ~
26. 83 m/s ARV % N 61.55 ~214. 78 N-m , £ T 4E
A Is e R AR BT i AR g o e 4 R R it
LR, BRSSP A IR AR B AR

Shenyang

2 £ x W

(1] ERAR, BRI, skAW, 5. JET 906050 fS A1 R L H % £ &%) DOC 4 4 S5 B bR AR [T ], SBik 2 5ot
Sr¥T, 2022, 42(10) ; 3243 -3248.
KUANG Enjun, CHI Fengqin, ZHANG Jiuming, et al. Analysis of DOC component structure of black soil profile with straw
deeply bried and based on fluorescence spectrum[ J]. Spectroscopy and Spectral Analysis, 2022, 42(10);: 3243 - 3248. (in
Chinese)

[2] CATES A M, RUARK M D, HEDTCKE J L, et al. Long-term tillage, rotation and perennialization effects on particulate and
aggregate soil organic matter[ J]. Soil and Tillage Research, 2016, 155 371 -380.

[3] WANG Xiaojuan, JTA Zhikuan, LIANG Lianyou, et al. Maize straw effects on soil aggregation and other properties in arid land
[J]. Soil and Tillage Research, 2015, 153 131 - 136.

[4] AKHTAR K, WANG W, REN G, et al. Changes in soil enzymes, soil properties, and maize crop productivity under wheat
straw mulching in Guanzhong, China[J]. Soil and Tillage Research, 2018, 182 94 - 102.

[5] SHAO J, GAO C, AFI S P, et al. Analysis of the available straw nutrient resources and substitution of chemical fertilizers with
straw returned directly to the field in China[ J]. Agriculture, 2023, 13(6) . 1187.

[6] ZHANG X, SUN Z, LIU J, et al. Simulating greenhouse gas emissions and stocks of carbon and nitrogen in soil from a long-
term no-till system in the North China Plain[ J]. Soil and Tillage Research, 2018, 178 32 —40.

(7] BEIT, Fribm, XRM, 5. 3T EDEM M F5AT—1 e Mok Sz gh 5 5 R [T ], PR L=, 2023, 44(7) .
229 -235.
GE Yiyuan, JIAO Hongcheng, LIU Dongxu, et al. Simulation and experiment of straw — soil particle overturning movement
based on discrete element method[ J]. Journal of Chinese Agricultural Mechanization, 2023, 44(7) . 229 —235. (in Chinese)

[8] SFhk. FORFEF 22 AW IR MR 5B [D]. i JLH& K, 2019.
QI Lin. Design and experimental study of corn straw ridge-furrow-strip mixed burying and returning machine[ J].
Shenyang Agricultural University, 2019. (in Chinese)

(9] &, XK, wEEE, . FEFFA S5 00w Rk B A B e 0 0T S oK s i s [ T]. BRI VAL Fl
2, 2021(11); 13 -17.
GAO Pan, LIU Yutao, XU Yingying, et al. Effects of maize straw mulching and burying returning to the field on soil physical
properties and maize yield[ J]. Heilongjiang Agricultural Sciences, 2021(11): 13 —17. (in Chinese)

[10] sk#E%. FEFFETPREEHE - ELY it 5Rm D] mat: Mgl R4, 2020.

ZHANG Xuzheng. Design and experiment of straw concentrated ditch-buried returning field machine[ J]. Nanjing: Nanjing



94

PSS A1 M | = O 14 2024 4

[11]

[12]

[15]

[16]

[17]

[24]

[25]

[26]

[27]

[28]

Agricultural University, 2020. (in Chinese)

HfE, W, Bk, S REFRG E X LA R R A s (], BRI AL, 2023(5) ;166 - 168, 173.
XIAO Jian, WANG Na, YANG Huina, et al. Effect of straw returning on soil physicochemical properties and soil
microorganism|[ J]. Modern Agricultural Science and Technology, 2023(5) : 166 — 168, 173. (in Chinese)

R, LW, D, A AR I BN X /N K S AR e e B S PR T s [T ). 3R R B
2, 2020, 49(11): 26 - 36.

ZHAO Lingxiao, JIANG Li'na, MA Jianhui, et al. Effects of returning straw to field through cow’s belly and applying nitrogen
on annual yield of wheat and maize and soil physical and chemical properties[ J]. Journal of Henan Agricultural Sciences,
2020, 49(11);: 26 —36. (in Chinese)

FRE, X, M, S REFPR AL SR UL B e B B R SEm [T ] ARl T AR, 2019, 35(17) : 43 - 49.
WANG Qiuju, LIU Feng, JIAO Feng, et al. Effects of strip-collected chopping and mechanical deep-buried return of straw on
physical properties of soil[ J]. Transactions of the CSAE, 2019, 35(17): 43 —=49. (in Chinese)

b, FLEERD, W, . ARG LR K RE MR (1], ARJbA R, 2010, 41(6) - 127 - 129.
ZHANG Shuai, KONG Degang, CHANG Xiaohui, et al. Effect of straw deep application on soil water storage capacity[J].
Journal of Northeast Agricultural University, 2010, 41(6) : 127 —129. (in Chinese)

TR, B, SEAENE. RS AR IR LS G 9 A B AR EORK A R [T ] K AR AR, 2023, 37(1) : 340 -
344, 353.

ZHANG Aiai, YANG Zhonghao, DANG Tinghui. Effects of deep straw burial combined with nitrogen reduction on water use of
spring maize in dryland[J]. Journal of Soil and Water Conservation, 2023, 37(1) : 340 —344, 353. (in Chinese)

WHEE, FLEENI, JF EOEL, S RERTE WOy SO R RE I LR A [T ], RAER R R, 2011, 42(5) : 117 - 120.
CHANG Xiaohui, KONG Degang, INOUE Mitsuhiro, et al. Effect of different straw returning methods on soil temperature in
spring sowing period[ J]. Journal of Northeast Agricultural University, 2011, 42(5): 117 = 120. (in Chinese)

NI, ERME. R e B 5 Z A MUE R B BT 5iI [ T]. R U=, 2022, 53(2) : 15 -24, 87.

SUN Ni'na, WANG Xiaoyan. Design and experiment of connection device of duplex straw crushing returning and soil
preparation machine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(2): 15 - 24, 87. (in
Chinese)

MATIN M A, FIELKE J M, DESBIOLLES J M A. Furrow parameters in rotary strip-tillage ; effect of blade geometry and rotary
speed[ J]. Biosystems Engineering, 2014, 118. 7 - 15.

SHI Y, REX S X, WANG X, et al. Numerical simulation and field tests of minimum-tillage planter with straw smashing and
strip laying based on EDEM software[ J]. Computers and Electronics in Agriculture, 2019, 166 105021.

LAV, BREE, LR, 5. KBEHFUREE BRI SIRET]. Rl PLS R, 2023, 54(4) : 21 -30.
WANG Jinfeng, YANG Dongze, WANG Zhentao, et al. Design and experiment of rice straw biaxial deep-buried returning
machine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(4): 21 —=30. (in Chinese)

M, SIS, BB, 5. FEFTERHLE B 07 AR TFR A B SiIR [T ], RV HLAR, 2018, 49(H%T]) : 50 -59, 67.

LIN Jing, ZHANG Tongjia, TIAN Yang, et al. Optimization and experiment on bionic deep-buried device for returning straw in
field[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 (Supp. ) : 50 =59, 67. (in Chinese)
], TR, WD, % - LR T TR AL 5 H AR IE [T ] Al HLR 24k ,2022,53(7) :23 -29.
XU Gaoming, DING Qishuo, WANG Xiaochan, et al. Analysis of straw displacement and burying effect in straw — soil — rotary
tiller interaction[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(7): 23 -=29. (in Chinese)
R, FEE, B, & RIS b AR RIS HALBOH SRR ], RV AUReE, 2023, S4(HE T 1)« 27 =35,
YUAN Xingmao, LI Xiaohe, JIAO Haitao, et al. Design and experiment of straw chopping centralized full depth and returning
machine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 (Supp. 1) : 27 —=35. (in Chinese)
PRSI, SR =, T, . BFF AR m i R Bt 5l (] Rl AL, 2021, 52(10) : 16 -27.
CHEN Guibin, LU Calyun, HE Jin, et al. Design and experiment of straw pickup-crushed and deep buried device under strip-
tillage[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(10); 16 =27. (in Chinese)

K, M, EIRA, 5. BB H AR E 00 BT 5IRE[T]. R A=, 2017, 48(7) : 87 -96.
ZHENG Zhiqi, HE Jin, WANG Qingjie, et al. Design and experiment on straw pickup-chopping and ditch-burying integrated
machine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(7): 87 —96. (in Chinese)

FUSTL B I . RSB RR BB B R0 L) R K, 2021, 52(6) ; 697 ~707.
BAI Xuewei, HAO Yan, BAI Xin, et al. Design and experiment on picking-up device of mobile straw pelleter[ J]. Journal of
Shenyang Agricultural University, 2021, 52(6): 697 —=707. (in Chinese)

HPH, AR, 2290, SO sURS AR R ELE I WU R 3 B 5 Ie [ T]. ROl ML=, 2018, 49(12) : 36 - 44.

TIAN Yang, LIN Jing, LI Baofa. Design and test of conveying device of pneumatic straw deep burying and returning machine
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(12) : 36 —44. (in Chinese)

HEH, Er, 258, % SO UH -2 BIFESAHREE HALROF 5 [T]. Lol T# %4, 2018, 34(14): 10 - 18.
TIAN Yang, LIN Jing, LI Baofa, et al. Design and test of pneumatic 1JH —2 style straw deep burying and returning machine



%73

AfRfb 4 SR AT B R IR AL BT 5 1K 95

[29]

[30]

[34]

[35]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[J]. Transactions of the CSAE, 2018, 34(14): 10 —18. (in Chinese)

FERR. R R R AR TARBOR[T]. %R, 2019, 56(3) : 553 -560.

DOU Sen. New model of “straw enrichment and deep incorporation” and engineering techniques[ J]. Acta Pedologica Sinica,
2019, 56(3): 553 =560. (in Chinese)

GU Fengwei, ZHAO Youjun, WU Feng, et al. Simulation analysis and experimental validation of conveying device in uniform
rrushed straw throwing and seed-sowing machines using CFD — DEM coupled approach [ J]. Computers and Electronics in
Agriculture, 2022, 193, 106720.

LR, SEEEEE, WO eI, % BT B EREE WAL 5K [ T]. AR R i, 2019, 50(5) ¢ 634 - 640.
WANG Ruili, CHAI Jiajia, XU Fangjian, et al. Design and experiment of direct injection straw deep bury and returning
machine[ J]. Journal of Shenyang Agricultural University, 2019, 50(5) : 634 —640. (in Chinese)

TANG Han, XU Changsu, XU Wenlong, et al. Method of straw ditch-buried returning, development of supporting machine
and analysis of influencing factors[ J]. Frontiers in Plant Science, 2022, 13 967838.

BRA P, WIS, T, L WP AN R Bt SR [T]. Rk TRE¥ 4, 2020, 36(16) : 1 -8.
CHEN Youqing, HU Zhichao, WANG Shenying, et al. Design and experiments of pickup device of peanut harvester after
cutting peanut straws[ J]. Transactions of the CSAE, 2020, 36(16): 1 —-8. (in Chinese)

EHE, PIERE, RIE, F 2RALERBUCGRIIRA SRR SR [T]. Rl TR, 2019, 35(23) : 29 - 36.
WANG Shenying, HU Zhichao, WU Feng, et al. Modeling and experiment of feeding rate for full-feed peanut pickup harvester
[J]. Transactions of the CSAE, 2019, 35(23): 29 —36. (in Chinese)

EW&, RIOZR, FMER, 5. P ZERRRRHER SCHER B BT 5180 [T ], Al L=, 2022, 38(1): 12 -21.
WANG Mingyou, SONG Weidong, ZHOU Dehuan, et al. Design and experiment of the key components of charging and
inoculating integrated machine for Pleurotus ostreatus[ J]. Transactions of the CSAE, 2022, 38(1): 12 —=21. (in Chinese)
B . BT TE 8K 1 b A5 e e o T R A Eas s i e [T ] R LR 4, 1980, 11(4) @ 62 -72.

HU Ruiqgian. The motive analysis of particle which is on the blade of plane type, the blade rotate round a horizontal axle with
constant angular velocity[ J]. Transactions of the Chinese Society for Agricultural Machinery, 1980, 11(4). 62 -72. (in
Chinese )

b E AR UL R A BT 5 B . R TH T W (M. b st E R EOR A, 2007.

ZEEVE . PR R A B S T SR SE [ D). PEAITE R . SR Al K%, 2000.

LI Guoqing. The theory analysis and experimental study of the throwing mechanism on the tearing material[ J]. Huhhot: Inner
Mongolia Agricultural University, 2009. (in Chinese)

FYe, U, EPA, S UMM SRR HER S SO SR [T]. R LR, 2020, ST(HETI L) 73 - 84.
WANG Yingbo, LI Hongwen, WANG Qingjie, et al. Design and experiment of wheat mechanical shooting seed-metering
device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51 (Supp.1): 73 —84. (in Chinese)
TONG Z, LI L, ZHANG X, et al. Design and experiment of the components for soil flow direction control of hilling machine
based on EDEM[]J]. International Journal of Agricultural and Biological Engineering, 2022, 15(3) . 122 - 131.

FANG M, YU Z, ZHANG W, et al. Friction coefficient calibration of corn stalk particle mixtures using Plackett — Burman
design and response surface methodology[J]. Powder Technology, 2022, 396 731 —742.

ki, RGN, D22 R, S BREE R OK AR B A K U S0 & HOCHE BN S BbR E [T ] T E RO R S 4, 2023,
25(3): 96 - 106.

WANG Hongbo, FAN Zhipeng, Wulantuya, et al. Parameter calibration of discrete element model for simulation of crushed
corn stalk screw conveying[ J]. Journal of Agricultural Science and Technology, 2023, 25(3): 96 —106. (in Chinese)
S, RIS, FUA5E, & /NERGIRPIAE K E 2 RUE R VBT [ T]. el T2 % 4% ,2020,36(10) :26 - 34.

JIN Chenggian, LI Qinglun, NI Youliang, et al. Experimental study on double air outlet multi-ducts cleaning device of wheat
combine harvester[ J|. Transactions of the CSAE, 2020, 36(10) ;: 26 —34. (in Chinese)

KRS, S5, BUE, . I SEPUME R ML v e R B 5K [T]. R HL R, 2023, 54(10) : 58 - 67.
ZHANG Qingsong, QI Tao, AO Qian, et al. Design and experiment of rapeseed direct seeding machine with furrow opener and
shallow plowing[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(10) : 58 - 67. (in Chinese)
HEEM g EEERBR, BRI EEEE 2. R BRI 55 6 #20 F5FT K #3E FHAL: GB/T 24675.6—2021
[S]. dbmt: E bR AR, 2021.

A B T R AR, BRI A% . JB/T 5160—20100 ST, Jb 5t of [ AR H A4, 2010.



