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Design and Experiment of Undriven Soil Puddling Machine with Improved
Auto-leveling and Straw-burying Design for Paddy Field

WANG Xiaoyan'> DENG Bo'? TAN Dingyang'? JI Yunpeng'> LI Hongwen'? WANG Qingjie'
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Agriculiural Equipment for Conservation Tillage ,
Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract; In order to solve the problem that the existing driven pulping machine has too much power
consumption, seriously damages the soil structure and lets the straw float under the condition of returning
the straw to the field in the northeast rice area, an undriven soil puddling machine with improved
automatic-leveling and straw-burying functions was designed for paddy rice field. The machine consisted
of a rack, a star rake group, a rolling roll, a leveling device and a flat device. The star rake in the front
can finely crush the soil and bury the straw, and the rolling in the back can further finely crush the soil
and press bury the straw. The flat device can level the surface, and the electro-hydraulic control system
can automatically level the ground, which can create excellent plot conditions for rice transplanting
operation. Through theoretical analysis and optimization design, the structural parameters and
arrangement of the star-shaped rake were determined. The rolling roller was equipped with tooth plate and
cutter tooth, and the tooth plate with inclined arrangement and the cutter tooth with upright were used to
cut the soil laterally and longitudinally respectively, which can improve the effect of burying straw in fine
soil. The flat floor was improved and the height of the flat floor was determined to be 150 mm. Simulation
tests were carried out on the forward speed, plate width and pushing angle. The optimal working
parameters of the flat floor were obtained as follows: forward speed was 2.4 km/h, plate width was
290 mm and pushing angle was 44°. Electronic hydraulic control system of automatic leveling based on

inclination sensor and PID algorithm was designed by using the center stationary leveling strategy, which
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realized the fast and stable control of the automatic leveling system. Filed experimental results showed

that the surface flatness of the whole machine after operation was 0. 73 c¢cm, the straw coverage rate was

91.4% , the stubble depth was 5.98 ¢cm, and the slush degree was 1. 18 g/cm’.

The indicators of the

machine and tools were better than the national standards. The design can provide a reference for the

research of the water ground preparation machine and tools under the condition of full straw returning to

the field in northeast rice region.

Key words: straw returning; burying straw and soil puddling machine; automatic leveling; no driver

type; northeast rice area
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-1 2 250 35
0 3 300 45
1 4 350 55
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2.4 km/h 5Ky 290 mm AR A N 44 i ZE G AR
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Tab.2 Experimental design and results

5k FACBEE/ HIHERR 1/
B X X
R i 5 IR M cm N

1 0 -1 -1 1.45 212.4
2 -1 1 0 0.78 208.3
3 0 -1 1 1.56 210.2
4 1 0 1 1.25 214.9
5 0 1 -1 1.46 213.3
6 -1 -1 0 0.93 206. 3
7 -1 0 -1 0.72 206. 8
8 0 0 0 0.52 204.5
9 1 0 -1 1.23 215.2
10 0 0 0 0.53 203.0
11 1 | 0 1.21 214.5
12 0 0 0 0.52 205.6
13 0 1 1 1. 12 216.6
14 1 -1 0 1.46 209. 1
15 0 0 0 0.46 204. 1
16 -1 0 1 0.59 213.4
17 0 0 0 0.51 204.5
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Tab.3 Hydraulic component selection
Ex Al
HEA% 80 mm {i§ ZEATF HAE 45 mm |

i L K BE 350 mm

HL B B ) ) BFW —N—-2-3C2-30-2X - G24K31FI

=S DU S F A A ) HR) FW —02f—3C2 — D2475L

CER AR YW —10G2 —20B — 1/D24751

EEuR) £ ZU - 100X5

R e R S 20 MPa, K 1.2 ~2 m
3.1.2 WHEFRGERE

HUE TAERS SR 46 S 380R M, %5 5 4 850 kg/m”,
IR E RN 5 427, IS R A N
0.036 9",

WE RGN E gk zAp[qu

A
N Ap=d Ap, +) ApzA—? (25)
o zApl :2 Ap,, +z Ap,, +z Ap,, (26)

_ _pv
ZAPI)._AW 2&%—57

Y Ap,, =) Ap, (i)

A Y Apy, —— AR, MPa

> Ap,,—— ikl )R b %K MPa
> Ap,,—— B b S, MPa
> Ap,—— I H9 i E FE S8, B0, 2 MPa
E—— 3 EBFH ) R %, B 0. 05
q,— IR 55 i = , B 42 L/min
q— 30 328 1R 11 92 B 3t L B 1.5 L/ min
Y Ap,——FR e B R Bk, MPa
N Ap,——F G 13 % [ S 45, MPa
A, — R T 18 il s A R i AL em”
A, — V& AT 1] 3 s A R i em”

PV R G AR D 40 mm, 35 ZEFF H AR d R
25 mm , 1845V G 0 g S I A R AR
A,/AF70.61,

VEH D18 1 I A8 AR Ay il % 45 38, 4 hr MLTE & 3
HLFG# R 2 000 v/ min B, ¥ % 2 i 2 g, 2 40 L/min,
TF 5 S bR YR T T v Sy

y:4% _4x40x10”"
wd?  60m x0.018

3 (26) LK I8 55 3 8 0 ], i i e T 4k
> Ap, =0.07 MPa, sl FE A4k Y, Ap, f/IN, 22
7 Ny g N (I S R T Iy o = Ny ey i M

=2.62m/s




28 &l #Hl

L

2022 4

(R25)) MW HE RGBS KB K DAp N
0.2 MPa Wi & & Ge it 2% 8 /0n , i 4 WL R 2 g 8 il
H 38R R g 0EH T AR
3.2 EBHRRSGIEIT
3.2.1 RS R A T

B 2 8 57 45 ] 5 G0k P B0 4 4 O 5K AR 4 7
b 2 AR AR R S OF AR X R KA AR IR S T AR
JEJ1 o 0 R G B T AR o 32 4 ] e A A% )k
#i, BRI A R 08 8 O AR 15 S i AR IS b
B, DL R i A L P A8 A, o8 UGS - b R
HER PG . AR 6 HL D) BB 20K, £ £ STC15W4K3284
B 1L 5 R T B A% SR A AE HIL L B AL AT AR
R T H AR RS A N ARG Y G e
56 J AR B D, S SR SRR A5 S, IR0 AR 4 S
W KR AL 4 AR AR . RIS VE L T,
ePE A fE SINDT fi /12 188 . il F
P R G AR T RN 16 JiiR o

PWMEE | | [l

R W ][ ]
fe 1 (2-5v) —— L RN
& il i \
Bl [T i St
k| | 7 Pl > i |
I > bk S ! i

(12V) (12— ! 1
24| [ — Il
‘ | i | > i ||

K16 A3 R &

Fig. 16  Automatic leveling system of overall solution
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Fig. 18 Field experiment process of machinery
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Fig. 19  Surface flatness measurement results
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4.3.3 MpEBER

0 7 5 TR R 25 SR AN R 21 IR, 5 AN BORE A,
Tl AT 24 T RSP M 206. 2 o, 35 1 R FF o 5 7 249 48
9 188.6 o IR AT HIME R 17.6 g, tHPLE
TARTVBIE N 91.4% ,5 A WORE A& 5/ bl ol 7 i
9 89% i KT HEZERMETHEE SRR (K THET

80% ) .
PO o R R
—B—HHESRE S100
200f .- .
= H80
& 150 &
i A
i 1001 60 &
E
50 40 <
0
1 2 3 4 5
21 R i
Fig.21  Results of vegetation coverage measurement

4.3.4 RKE

A e AE TR B OF R BR TR IR A AT R T
A, i BE A S B 240 748 b S A A T o 908 3K R I SE 46
g 4 Fis  RHBEFHME R 1.18 g/em’ /NF
PRI IR SR AR (N T T 1.6 g/em’) o

BLEARL I 5E 25 R ANZE S iz, 45 048 bR 2 v
T Z bR iE GB/T 24685—2009 Hi X 7K HI F- i $if ¢
PLI IR PR ZEK

5 it

(DBt 7 IRuRk 8= A 2 I K AT R IR 4



30 PSS A1 M | = O 14 2022 4

*4 BEEVNEESR P ELTR W LR AR 5 RAT 3547 438 5 it T
Tab.4 Results of mud degree determination SE- b e 45 F i AT, A K2 H M & 150 mm S I i
WOk ¢ W TR, REAR,  WRE/ FHRKE/ EDEM B 8 5¢ {5 25§ 8 0 5 48 2 50k 1 ok 5 i

ke L (gem™) (grem™) 2.4 km/h B2 290 mm Hfi FE ) 44°,
! 18.0 153 b1 (2) MR HLE 75 ok, B T Frh o R
S S S N PID) 535055 9 1 308 15 ol )
. 6.3 g s G IATIT %, SERL T IR B G G R TT A I i A
5 17.0 1.2 12 BUE TR RGERE M TS 2l TR R R &
BORE R R 5 30T W T SRR R A A R A
®5 NAMFLNEER FT BB S, 5] A PID $ G o B, SR

Tab.5 Results of machine and tool operation SRS R T B 5

g T EE/ RERE MBHEER RRE (3) ) 3% 0 445 L 22 1, 6 9K 3 =X 1 3 3k
- o ® leem™) FE S A2 4 2 o BL AR I B 2 2 0,73 em,
oo o TEAEVRREH 5. 98 em  FEAFAE 23K 91, 49% | J 3 ps

W 118 g/em® TG RR IR T E S A B TR
ML, ok AR AR S R R LRSS RERT A T4 R BOOK B M AR M, Al 41
B CHELE ISR B T O I SR 7R P IE 9 RFEHRAT R M Ml R Wk T RS R
SCHEY) AR A T T AR AR R T R

2 £ x #
(1] s2&H, PR, L. T EAEYR AT BT IR A 3 5 R AR OCHT s it J (1] o B R B UR 5 X&), 2014, 35(3) : 14 -20.

PENG Chunyan, LUO Huailiang, KONG Jing. Advance in estimation and utilization of crop residues resources in China[J].
China Agricultural Resources and Regional Planning, 2014, 35(3) :14 =20. (in Chinese)
[2] JI Xionghui, WU Jiamei, PENG Hua, et al. The effect of rice straw incorporation into paddy soil on carbon sequestration and
emissions in the double cropping rice system[ J]. Journal of the Science of Food & Agriculture, 2012,92(5) ;1038 - 1045.
[3] ABRANTES JR C B, PRATS S A, KEIZER J J, et al. Effectiveness of the application of rice straw mulching strips in reducing
runoff and soil loss: laboratory soil flume experiments under simulated rainfall[ J]. Soil & Tillage Research, 2018, 80.238 —249.
[4] YAO S, TENG X, ZHANG B. Effects of rice straw incorporation and tillage depth on soil puddlability and mechanical properties
during rice growth period[ J]. Soil & Tillage Research, 2015,146.125 - 132.
(5] OMGRHE, F e, Ak 30, 45 AR ILAE DXOR [R5 A7 I8 FACHL BAR M RICR AT ST LT ] A0k ML= 4, 2018, 49 (5 11) :68 —
74,154.
SUN Ni'na, WANG Xiaoyan, LI Hongwen, et al. Performance of straw returning equipment under different mechanized straw
returning pattern in northeast rice area[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49 (Supp. ) :
68 —74,154. (in Chinese)
(6] ZRdbgalk R, o E ARl Be A 5 B Tl 1K M SR AUATL AR A5 A 341 1 L4 . CN107172894A[ P . 2017 — 09 — 19.
(7] 228, 5l , 2 0 e, 55 RIS XK AR L4 FA BLE L sEm[T]. 324, 2019, 56(5) ;1171 - 1179.
LI Yi, FANG Huan, PENG Xianlong, et al. Effects of simulated pudding on structure of paddy soil and organic nitrogen
mineralization therein[ J]. Acta Pedologica Sinica, 2019, 56(5) ;1171 =1179. (in Chinese)
(8] BRSiA, ERRZE, RBK 5. HJ5/K I BAERFFIE IR AL BT Sk [ 1], P BRI E4R, 2022, 43(5) :179 - 185.
CHEN Licai, WANG Kangjun, WU Luofa, et al. Southern paddy slurry high stubble straw counters-field set up design and test
[J]. Journal of Chinese Agricultural Mechanization 2022, 43(5) ;179 —185. (in Chinese)
(9] Fh3CUE AR, TR, 45, K F AR A2 SR i HL G BT A B3 SR [T ] A AL A%, 2022, 53(1) :50 - 62.
SUN Wenfeng, FU Tianpeng, HE Yue, et al. Design and test on key components of strip compound ground preparation machine
in paddy field[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(1) .50 —-62. (in Chinese)
[10]  5RSCV,INES] R, 1BMQ BIK IR AL T]. T EAR L3R, 2006, 27(4) : 69 -71.
ZHANG Yiping, SUN Xingzhao, SONG Jiannong. The study of 1BMQ tilth machine of paddy burying stubble slurrying[J].
Journal of Chinese Agricultural Mechanization, 2006, 27(4) : 69 =71. (in Chinese)
(1] 2R, B8 30, AR 45 SR AR A% G K BEBOGF- HpL et (] ol TR 240, 2007,23(4) : 88 —93.
LI Qing, LUO Xiwen, WANG Maohua, et al. Design of paddy field laser grader using inclination sensor[ J]. Transactions of
the CSAE, 2007, 23(4) : 88 -93. (in Chinese)
[12] A=, P HC,H, %, BT MEMS 15 M % B8 G roKk 30T ALK PR Ra[T]. 40l TR %4k, 2008,
24(6): 119 —124.
ZHAO Zuoxi, LUO Xiwen, LI Qing, et al. Level control system of paddy field laser motor grader based on MEMS inertial
sensor fusion[ J|. Transactions of the CSAE, 2008,24(6) ;: 119 —124. (in Chinese)



512 1) LR 45 TCIR BN =0 A i S oK SRR R R s DL T 31

[13]

[14]

[19]

(20]
[21]

[27]

(28]
[29]

SR VAR, EAE S, SF. BT GNSS M REK I RERE T HUALAT ST LT]. M HLB 241 ,2020,51(4) :38 - 43.

ZHOU Jun, XU Jiankang, WANG Yaoxi, et al. Development of paddy field rotary-leveling machine based on GNSS[J].
Transactions of the Chinese Society for Agricultural Machinery, 2020,51(4) :38 —43. (in Chinese)

WILLIAM R G, ALVIN C B, CARL A R, %%, A 340 A £ HERERSEm [T ]. AR T 5 & S LM, 1983,14(8) :8 - 12.
WILLIAM R G, ALVIN C B, CARL A R, et al. Effect of rake curvature on soil entry properties[ J]. Grain and Oil Processing
and Food Machinery, 1983,14(8) :8 —12. (in Chinese)

BRI A 5 RS MR A R[] JEPS ARl k24, 1982,4(3) 1 — 10.

WEI Guowei. Discussion on star rake parameters and their operating performance [ J]. Journal of Jiangxi Agricultural
University, 1982,4(3):1 —10. (in Chinese)

JERRTG. A A MU TAE BRI O 2R LT ] TEPE R R 2244, 1991,13(1) :64 - 68.

YAN Linyuan. Discussion on the sliding angle of working parts of agricultural machinery[ J]. Journal of Jiangxi Agricultural
University, 1991,13(1) :64 —68. (in Chinese)

AP T AR HE S, AL A IR DG ML By 3 R R K [ T] . RO LR, 2018, 49(5) 165 - 75.

ZHAO Hongbo, HE Jin, LI Hongwen, et al. Design and test of strip type rotary cutting post-throwing anti-plugging device[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(5) .65 —=75. (in Chinese)

RO A4, B a0, 5. BRG] B U 70 i A it [T]. gl TR %R, 2011, 27(12) :13 - 17.
QUAN Longzhe, TONG Jin, ZENG Baigong, et al. Optimized design of sliding edge curve of corn root stubble cutting tool[ J].
Transactions of the CSAE, 2011, 27(12) :13 —=17. (in Chinese)

AR AKHARRIZA A U SERBEFE L], R =R ,1979,10(2) :85 - 95.

ZHANG Caiquan. Study on the geometric parameters of paddy field rake star rake[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 1979,10(2) :85 —95. (in Chinese)

b E RO HURAC R A BF S B . AR LB T 0F : B R IM . b st B AR LBE A BOR R ,2007.

REOTIY. K W RRERF AL AR AT S [T]. AL AL =4 ,2003,34(5) :177 - 178.

XIONG Yuanfang. Experimental study on paddy field buried grass rotary cultivator[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2003,34(5) :177 —=178. (in Chinese)

KT, IR RDY A KSR FTE H LGRS iR (1] Rk T4, 2015,31(11) ;10 - 16.
ZHANG Xiumei, ZHANG Jumin, XIA Junfang, et al. Design and test of key components of water-drought straw return tillage
machine[ J |. Transactions of the CSAE, 2015,31(11) ;10 —16. (in Chinese)

SRR H T AR DY AE . TERREE BPLARBE R U R BCE R S S RO T ] Al TR IR, 2013, 29(1) 118 - 25.
ZHANG Jumin, ZHOU Yong, XIA Junfang, et al. Mathematical modeling and parameter analysis of spiral horizontal knife of
rotary tillage burying machine[ J]. Transactions of the CSAE, 2013, 29(1) :18 —=25. (in Chinese)
BOBAL, XN E AR, TR PE R, 4. W OT il s st SRR A i 8 (1], Al LA, 2016, 32(19) : 26 -34.
ZHAO Shuhong, LIU Hongjun, ZHANG Xianmin, et al. Design and optimization experiment of working performance of sliding
push opener[ J]. Transactions of the CSAE, 2016, 32(19): 26 —34. (in Chinese)

INPRIR.  ZR AL A DR AT B ik H A 30 52 AR AL 52 [ D . b st i E AR E R4, 2020.

SUN Ni'na. Study on compound machine for pulverizing and returning straw to paddy field in northeast China[ D]. Beijing:
China Agricultural University, 2020. (in Chinese)

YL B, ESR L. HE T EDEM AYoK HSF AL ET R AL S 8O BT sE [T ], VLG Al R % 2% 4k, 2020, 42(3) .
608 —618.

JIANG Yingxing, ZHAO Zifu, WANG Jingli. Analysis on the parameters of the beating mechanism of paddy field straw
dumping grader by EDEM discrete element[ J]. Journal of Jiangxi Agricultural University, 2020, 42 (3): 608 — 618. (in
Chinese)

BRAZ SR IE R, S5, K AR AR A7 A 3% s REL UL B 1) s BT E [T ] SR BRARE %2740, 2017, 48(1) : 55 - 62.
WU Liyan, QI Sheng, SONG Yugqiu, et al. A DEM analysis on drag reduction characteristics of paddy field machinery surface
with bionic microarchitectures[ J]. Journal of Shenyang Agricultural University, 2017, 48(1): 55 -62. (in Chinese)

A E R AUAR HEA T ARZE 25, GB/T 24685—2009 /K H-F-Hisg e ALL ST, dbmt.: o AR o i A, 2009.

B AE. A S BRI AL 4 ) PR T SRS [ D] dbat: RO RSB, 2020.

YANG Tengxiang. Design and test of posture controlled chassis for caterpillar combine [ D ]. Beijing: Chinese Academy of
Agricultural Sciences, 2020. (in Chinese)

Ve , B AR, X RIBREE DR E SR 3 3 1 Sk B3t [J]. WAARE 4, 2008,5(2) : 43 -45.

PANG Hao, LUO Chunlei, LIU Dan. Design of hydraulic driving unit of continuous flight auger[ J]. Fluid Transmission and
Control, 2008 ,5(2) : 43 —45. (in Chinese)

ol BT LA B BERF LR RS SRIRAT ST [ D). K v WiFg &Rl K2, 2015.

PENG Kai. Leveling strategy research on the rotary tillage equipment based on title sensor[ D]. Changsha; Hunan Agricultural
University, 2015. (in Chinese)

RARDT MR, XU B, 4. 6T A BEAGI A4 B AL S HE PR i U I RSS2 [T ). RO AL ,2021,52(8) :386 —395.

XIA Junfang, LI Dong, LIU Guoyang, et al. Design and test of electro-hydraulic monitoring device for hitch tillage depth based
on measurement of tractor pitch angle[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,52(8) .
386 —395. (in Chinese)



