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Effects of strip vertical rotation working parameters on seedbed
straw cleaning and flatness in rice stubble field

WEI Zixiang , HE Ruiyin* ,LI Yinian, XU Gaoming, DING Qishuo

(College of Engineering/Key Laboratory of Intelligent Agricultural Equipment of Jiangsu Province,
Nanjing Agricultural University, Nanjing 210031, China)

Abstract ; [ Objectives ] This paper aimed to study the interaction mechanism of straw-soil-strip vertical rotary tillage system in rice
stubble field, explore the influence of key operation parameters under the interaction of the three on the clearing and leveling effect of
seedbed ,and play a guiding role in the integrated straw field management and the optimal design of tillage machinery in the water-
drought rotation system. [ Methods] A 3D vertical rotation simulation model was constructed based on discrete element method. The
process of vertical strip rotation under rice straw mulching was simulated, and the parameter range was optimized and verified by
laboratory soil tank test. In the process of strip vertical rotation,the forward speed,the rotational speed of tool shaft and the stubble
length were taken as the influencing factors. The response surface method was used to build a mathematical model to analyze the
influence of each factor on the quality of the seedbed and carry out the performance optimization test. [ Results ] When the tillage
depth was set to 15 cm,the main and secondary factors affecting the cleaning rate of stubble and the flatness of seedbed were the
forward speed, the tool shaft rotational speed and stubble length. The results of multi-objective optimization showed that the quality of
seedbed was the best when the tool forward speed was 1.09 m+s™", the tool shaft rotational speed was 281.5 r-min”" and the stubble
length was 6.89 cm. The straw cleaning rate of seedbed was 81.95% and the seedbed flatness was 8.67 mm. [ Conclusions ] The
interaction model established in this paper was proved to be reliable and could effectively reflect the effect of vertical rotation
operation parameters on the clearing of straw in seed bed.

Keywords : strip vertical rotary tillage ;discrete element ;response surface ;seedbed straw cleaning rate ;seedbed flainess
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Fig.1 Schematic diagram of the vertical rotation device structure
1. ALZE Frame ;2. Hr 5 4848 Central gear box ;3. A 4% Zh LA Intermediate transmission mechanism ;4. #E 15 5858 Bevel gear box;5.37.
Ji€ JJ ¥ Vertical rotary tool;6. JJ#JIEJA Cutter base;7.[# % 4 Fixed pin.
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Fig. 2 Motion trajectory of vertical rotary tool
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O is the center of rotation of the tool shaft,and O, is the center of rotation of the tool shaft at time ¢;R is the distance

from the tool rotation center O to the end point of the blade( rotation radius) .
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Fig.3 Soil bin and testing platform
1. BRAIZEE Limit device;2. 5% 1l Test soil tank;3. HLHLZEF| R Motor traction system;4. 251 F4L Moving guide;5. 37 JE /]
Vertical rotary tool ;6. #%H Hl % {% /4% Speed torque sensor; 7. ¥ 15 %6 4 Reduction gear box;8. ¥ B $: R 4t Hydraulic suspension
system ;9. IR 54 Test car; 10. Kidi R R 4L Data acquisition system; 11. #2¥ Z 40 Control system.
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Fig.4 Soil bin tillage test method
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Fig. 5 Method for determination of soil bin test index
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Table 1 Simulation parameters of discrete element model

P o e sl

Parameters Value Parameters Value

SERETIIARA vy Vertical rotary tool poisson ratio 0.3 R Shw: 1R e, Soil-soil recovery coefficient 0.6
SEHETI TR G,/Pa Vertical rotary tool shear elasticity 7.9x1010 T EIRE 2B e, Soil-vertical rotary tool recovery coefficient 0.6
SEBETVERE p )/ (kgem™) Vertical rotary tool density 7860 || HIE-FEFFIKE REU ey Soil-straw recovery coefficient 0.5
HEHHEAm I v, Surface soil poisson ratio 0.38 FERF-SIHE IR E 250 e 4 Straw-vertical rotary tool recovery coefficient 0.3
B2 HHEn i G,/Pa Surface soil shear elasticity 6x107 itﬁ—i%%@fﬁ’&fd Soil-soil static friction factor 0.5
B2 HHEIE p,o/ (kgem™>) Surface soil density 1280 || 331 lETI R AR £, Soil-vertical rotary tool static friction factor 0.6
FURJE AL 05 Plough bottom soil poisson ratio 0.3 R IAEL £ 5 Soil-straw static friction factor 0.5
BRI G3/Pa Plough bottom soil shear elasticity 1x108 || A FF -7 5 I 0 B 428 DR f.4 Straw-vertical rotary tool static friction factor 0.3
RKZE L p3/(kg'm73)Plough bottom soil density 1 500 ﬁ%i%‘ﬁ%i%fﬁﬁ]@ﬁmﬁfm Surface soil-surface soil rolling friction factor 0.6
FEFFIARA 1L v, Straw poisson ratio 0.4 %#Jij:%—zﬁ[zﬂfﬁﬂ?%ﬁm&f& Surface soil-vertical rotary tool rolling friction factor .35
AT LIBLE G /Pa Straw shear elasticity 1x106 || F5FF-SLHETI R SRR AL £,1; Straw-vertical rotary tool rolling fiiction factor 0.01
FEFFEE p PAS kg-m%) Straw density 241 FEFF B2 TR S B SR R 5 faaStraw-surface soil tool rolling friction factor 0.05
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FHBUR A A TG0 T, B8 25 DX R GRS FH ORI S VRl J5 ) A 35 A1 UK 80 43 bE 7 248k o R 37
BB EEBEIX X i ER I (F 8) , I Grid Bin Group fRERFZRER - 2500k Z J71a) A = F2AE, LA
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Fig. 7 Region division of discrete element simulation model Fig. 8 Cultivation profile after simulation
BUE AR S PR 43 X K RS A4 . The numerical value

represents the quantity of rice straw in each equidistant partition area.
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Fig. 9 Effect of machine forward speed( A) .tool shaft rotational speed(B)and straw length( C)
on seedbed straw cleaning rate and seedbed flatness
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AT E HE IR PRI RS RO 22 T R 3, T RV AT SR 3, 302 oy T 219 0 i 2 S AR AL L i i i 8

AR FEFFHC BERR, S TIA VTR B s34, #5FHALA% B8/

42 ZAFREXAR

421 ZREFR=ZKFEZREET U SO RBHE R 2R S EE & 2l
PUERTFE L TR e RS AT B I R 3R | PR IBURR R s 23 R R P8 B2 PP 48 4, A1 Design-
Expert X4 Box-Behnken {35 i #F & P £ A 578 =R =K FIERARIRAE ., AHEVLEAEAN



1044 [T U S A = = 847 %

HERTHE T PRUER S b 2, T AN B e, a0 i a6 A P R A BRI M g 2R, 2% 375X
TR I SEBRAEMV I 0 202 B 5 T il E B A 180 ~300 remin', H TR 7 IR SN 2242 38 TR AP AL I
5 HAR o B — 3, 255 B R 2R A7 B 45 R R L PR 7 e TR 0.9~ 1.5 m-s™', JE T
B 5 A RS0 (/] 10) A 42 5 | LRI 9K 3h R G0 SE VR S50 SE AT, REIESR
RIGBIEIF AT I 200 RAEW S8tk =R =K IEsCIR B Z s 2 fin, i 45 % W
3 FiR,

IE

AL RIS 5 A5 F- 3 Test car control platform B. 108 15 - /E FL T Test car operation interface

B10 ENIERBEFERERS

Fig. 10 Control system of indoor soil bin test car

*2 HEEEHD
Table 2 Codes of test factors

K- Level
it Encode SR 2R Influence factor
-1 0 +1
X, HLE AT/ (m-s™" ) Machine forward speed 0.9 1.2 1.5
X, %5/ (r-min™! ) Tool shaft rotational speed 180 240 300
X, FEFFKE/em Straw length 5 10 15

R3 ZEEZAFERREER

Table 3 Results of orthogonal tests with three factors and three levels

P HLELIEE X, IR X, TR X, KR Y,/ % T4 ¥/mm
Number Machine forward speed Tool shaft rotational speed Straw length Seedbed straw cleaning rate Seedbed flatness

1 -1 -1 0 78.10 10.76

2 1 -1 0 60.20 10.57

3 -1 1 0 74.70 8.70

4 1 1 0 72.20 10.96

5 -1 0 -1 78.60 9.60

6 1 0 -1 69.70 10.06

7 -1 0 1 72.10 9.40

8 1 0 1 64.60 11.65

9 0 -1 -1 64.40 10.01

10 0 1 -1 81.80 9.11

11 0 -1 1 73.80 10.05

12 0 1 1 68.10 10.00

13 0 0 0 81.70 8.52

14 0 0 0 76.10 9.34

15 0 0 0 79.30 8.93

16 0 0 0 82.20 8.82

17 0 0 0 78.30 9.20

4.2.2 FESWEEEAEBIESL  FT Design Expert 13 AT =K 2K = AKCERI845 K17 BIE 007, 15
FIHLARTIE L T e o RT3 A B AR (E] A [ VAR AR A5 B 1 7 22 03 B 4 R EAT i
1) FRTE RS R
FRVERE R Y, J5 2200 W4 RNk 4 P, MLEHTIEEURE X TT B ol X, FEFFREE X, XA RIS
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Y, WBNE 7R W2 R IIUAR 25, R W1 [l BA 7R 348 £ 2 O LN 5 S 450G B
@%ﬁ%ﬁ%%ﬁ%nfwlﬁuﬂﬁw;ﬂ%%ﬁxpﬁﬂkfX&Z@@E%W%%o£l%¢m
ELRTHEEEE X, XPFPRIERE 2 Y, RS2 i 3, JT R X, RS AR X, XS RRIE RS R Y, B2 i
Fo MWREEAL F AR, A R R ARG R Y, i ERIUT A X, X, (X, o TEDRIE [R5 A
= HRWITUA W Z SO T, RBRA BT, 15 225 N R SRR R R Z B mlH e .
Y, =79.52-4.60X,+2.54X,-1.99X,+3.85X,X,-5.77X,X,-4.50X; -3.72X3-3.77 X (9)
T4 MKBFHEAEIWER

Table 4 Variance analysis results of seedbed straw cleaning rate

P3ld Ryl A ¥y FAE PE M
Source Sum of squares Degree of freedom Sum of mean squares F-value P-value Significance
B Model 672.68 9 74.74 14.94 0.000 9 o
X 169.28 1 169.28 33.83 0.000 7 5
X, 51.51 1 51.51 10.29 0.014 9 #
X, 31.60 1 31.60 6.31 0.040 2 *
XX, 59.29 1 59.29 11.85 0.010 8 *
XX, 0.49 1 0.49 0.10 0.763 5
X, X, 133.40 1 133.40 26.66 0.001 3 e
X2 85.17 1 85.17 17.02 0.004 4 s o
X,? 58.35 1 58.35 11.66 0.011 2 #
X2 59.92 1 59.92 11.97 0.010 5 *
5% 7% Residual 35.03 7 5.00
I Lack of fit 9.86 3 3.29 0.522'5 0.689 6
4R 2% Pure error 25.17 4 6.29
SFN Total 707.71 16

Note: “* P<0.01, " P<0.05. The same below.
2) Pl R 44 B 3 o A
FRFEERE Y, Jr 220 8RN3R 5 s o ALEBTHEEE X, VR 3 X, FEFHKEE X, XER R 2%
FE Y, By mlE 7 A G 2 HR IO i 25, 3R B [ml RS AR E /28 o 29 SRS R 9 5 L S 4D B s, 1
HED S A R RS Y, SHLEATHEREE X, T X, AR X, Z WSS BRI CR . FERE L
BT X, XSRS E Y, M2t 3, J1Rh X, R AT EE X, SR RS- HE RS Y, 152 B
*E?Ei‘%ﬁ”F{ET%H%1it§AI%?XT$¢T“¥*&V Y, SR FEUF A X X, Xy TECIE IR i 2 H 2k
AT S 2 A LT, BR300, A5 214 PR R SR R P-4 B 2 (] R H J7
Y, =8.96+0.60X,-0.33X,+0.29X,+0.61X, X, +0.45X, X, +0.84X>+0.45X>+0.38X> (10)
£5 MEATEEHESNER

Table 5 Variance analysis results of seedbed flatness

SR 5 A 1 B syl F{g PH B E
Source Sum of squares Degree of freedom Sum of mean squares F-value P-value Significance
A Model 11.70 9 1.30 16.30 0.000 7 #
X 2.86 1 2.86 35.79 0.000 6 * %
X, 0.86 1 0.86 10.75 0.013 5 *
X, 0.67 1 0.67 8.43 0.022 9 *
XX, 1.50 1 1.50 18.81 0.003 4 * %
X1 X5 0.80 1 0.80 10.04 0.015 7 *
X, X, 0.18 1 0.18 2.26 0.176 1
X2 2.94 1 2.94 36.81 0.000 5 *
X,? 0.85 1 0.85 10.70 0.013 7 *
X;? 0.61 1 0.61 7.63 0.028 0 ®
32 Residual 0.56 7 0.08
JRAPUT Lack of fit 0.14 3 0.05 0.46 0.727 3
4l 2 Pure error 0.42 4 0.10

S Total 12.26

)
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4.2.3 MM EESH  ARIEENEEA FH Design-expert A= 545 52 WA PR 2 28 5T F R 15 i R0 R -
% R e o7 D, AN 11 12 B o TRl R B B AL TR B R, A IR R e R s N
UL EL A S B — o I, o DRV s 3 b ) i e s RT3 K5 8 TR (&1 11-A) o HLEFTHE s 5
A BEAS AR PR R TE RS 2 A 35 (18] 11-B) . A BE— g I, B 70 b 3 05 K PR 6 3808
T3 Tt s B R AR B i PR R R e RS TR (B 11-C) o JTHh sl — s i,
Bt A LI TR R A, A DA P 2 1 DA ) R A 5 L L T R — 5 I, 0l e S o e AR R
K (12-A) , FEFHAEE— g i, Bl G AL ATE o B I o RT3 K e 3 HILEL AT ol —
B, BEAR AT B RGN, b RT3 B S s/ NS (B 12-B) o 0l 8 5 G B 58 B A U A R 26 3 52
M AN 225 (18] 12-C)

R R0
Seedbed straw
FIRIE R /%
Seedbed straw
cleaning rate
TR %%
Seedbed straw
cleaning rate

AL HUE RSB 5 1 O B B. HLE AT #E# B SRR AR HAE C. TVl s S REATR BEAH AR
Interaction between machine forward Interaction between machine forward Interaction between tool shaft rotational
speed and tool shaft rotational speed speed and straw length speed and straw length

B 11 ZEERXNHKEEEHZG

Fig. 11 Influence of interaction factors on seedbed straw cleaning rate
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Fig. 12 Influence of interaction factors on seedbed flatness

424 SEMAEWIE ARSI A7 4558 S AR A5 R 2E T A7 e e AR . 240, I Design-
expert 13 FOURBLERIS [ SRR AT 29 HBR LA MR . 7E4% iR PR i [ i 255 i T 18] S B e gl
THOUH 2 AL TR R (LR FUAR , JF SRR PRI R 258 R PR B X AR 2 o o B Y
max Y,
min Y,
0.9=X,=<15 (11)
180=X,=<300
S5sX, =15

XE R A5 25 5 YA AT E R A 1.09 mes™ 7A€ 4L 3 281.5 remin™" JKFEREFFK
J£ 6.89 cm B, FiRIEHE RN 81.95% , R F-2 2 8.67 mm, I IEILALJE 1 S 8009 &bk, 44 e
VRV Z 800 2 e U e 64T 3 WO A2, 19 BRI RIS G 3 3 WX {E N 79.75% . 78.90% .79.90% , Fif
IR 3 YRR B 8.90.8.81.9.03 mm, ZRB0E, IR EUE SRR AARN R 22N T 5% , BLIIRF 5T
SR E TG
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RSO T B HOTIE R TR AT - - SE TG R G0 07 FOBERY i o e 8 7 SOREBIE T Jal  i  AL
LR R K R AT BE SR AR 2 LA R S AR ML 2 80T BYSERE T BARMLYERE . DIFR RIS RS 5
PRAV-BE B N PO F b , o B PR R 5 BRI 5 5 WA R SRR G &R o R S s RBERE 22 9 M e
B, WEFERG T — 19— S e B 58 A R o PRI A5 5 1 B AR B2 7 W 7 1 3 FA) s e 9 [l
DEVRSETRY 345 DR 2R [ A LA P X Ao AT s 3 1o AP 8 J3E A 52 00, 0 R 52 M o AR 5 S Al G- B 4%
PRUER U L R E Tl RS AT BE X [l USSR A A SR i , 45 B0 Aof G35 A6t 25 e L ob PR -
AR B USRS AU FTER D 1.09 m-s™ J1RFE Y 281.5 romin™' FEFFEE 6.89 cm, %
AT R IRIE R 28 81.95% , FAR VAN 8.67 mm, XFOLAKIY S0 UE 5 75 2 S 5 B A AL
EFRIRIRS IR ZE/NT 5% 2R ] R A RS U BE VRV S B B4R Bt 225 | WE 5 ROBF 115G i
W SHLR BT SR AR A

M 5 2R A BIOT 07 BUR AR S R SN L 280 B9S2 e T BAR ML PERE , (H S BRok R4 1R
1 BE T B R 1 L RIS AT 45 05 22 MR, SR S A 13 Tt — 2 AT Z2 i W R S0 e . vl 25 A 1
BUARAF BB i i 5 38T B sh =0 RE AL I 5 S BRAIR L BERFFE MU PR B 9 2 AR I B2,
PEAT RS BERF DA DAL SR 2 B00R B f A Al
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