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T EDEM-Recurdyn #5415 B - 3555005 et T A ELAE A )
LA TV (70N K20 e s W i 545 |1 = 55 U By NP = e o
RS, Aoy e R LA S HR S R

1 S EEMRE LRI BN SR RE

1.1 REEXK

T SRR AR, T B OER o X AR R AR
BRSO & RIS LR — A B L, AR el 2R
LIy AT 4, BRI BT, A B A
DA RT I, DL B I AR O RS 1L X
+28 R, H G m N 600~700 mm, FERFEE n N
1200~1 300 mm, =FE AN 500~600 mm, sKIeAERE#LH
a K 100 mm FIIET %, fi % il b b m s 1o 250~
350 mm, % EEKIEIAZ M ZE e 9 50~100 mm, HJEZE
FEHLTE b A 50~100 mm, HIE 1 Fis.
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1/ @\
| ¥

E:m yﬂﬂ:%i?ﬁﬁﬁg; mm; n ﬁi%?f&ﬁ‘}’% mm; h ﬁi%%—fi‘;y mm;
a FPKPEAEREBTLA, mm; 5 BRI &AL, mm; e 9 E R KL
Zfmz, mm: b NKZEFMTEES, mm.

Note: m is the upper width of soil ridge, mm; # is the bottom width of soil ridge, mm; /4
is the height of soil ridge « is the side length of the cross section of the cement column,
mm; / is the upper buried soil height, mm; e is the deviation between grapevine and
cement edge, mm; b is the distance from the ground floor to the ground, mm.

H{1 HERZLEBORTTE
Fig.1 Schematic diagram of the cross-sectional dimension of the
vine buried soil
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a. AL b. EHLAE
a. Vertical view b. Main view
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1.Three point suspension rack 2.Transmission case 3.Frame 4.Small hydraulic
station 5.Diesel engine 6.Pulley 7.Bearing pedestal 8.Draught fan 9.Air duct
10.Layered rotary throwing device 11.Lateral expansion device of rotary throwing
device 12.Longitudinal expansion device of rotary throwing device

B2 BEHH>EXFEARBEIEME

Fig.2 Structure diagram of layered soil remover for wine grapes
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b. HIHLE
b. Cutaway view

a. HhiuE
a. Isometric drawing
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1.Hydraulic motor 2.Coupling 3.Upper flange plate 4.Shaft seat plate

6. EE R 77

5.Shaft 6.Rotating roller 7.Flat key I ~ 8.Bearing I 9.Bearing II 10.End
cap 1l.Lower flange plate 12.Flat key II 13.Tail type cap 14.Lock nut
15.Motor flange 16.Flange 17.Lower rotary throwing knife 18.Upper layer

rotary throwing knife
B3 pEkmEELEMA
Fig.3 Structure diagram of the layered rotary throwing device
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60 mm, JyiE Gt A e, LR ]S T R e 1A
B 200 mm (BRI 9 D J9 10 mm.,

e Ly LTS, mm; D BRI IS L, mm; B HENLJ) TIRALREES
mm; O, NTINETIDELLERSA, () pNEPOUEHLEZ A, (°); ah
eI IE A, (0.

Note: L is the length of rotary throwing knife, mm; D is the thickness of rotary
throwing knife, mm; B is the distance between the handle of rotary throwing
knife,(°); 0 is the included angle at the connecting line between the handle and
the knife edge, (°);8 is the arc curve bending angle, (°); a is cutting angle of
rotary throwing knife edge.

B4 LRI M ALK T ER
Fig.4 Schematic diagram of the parameters of the upper rotary
throwing knife
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mm; b’ JYfEd ] IR, mm.

Note: [’ is the length of rotary throwing knife, mm; y is bending angle of rotary
throwing knife, (° ); @’ is the front end length of the rotary throwing knife, mm;
b’ is the handle of rotary throwing knife, mm.

B|S T ERMWATE
Fig.5 Schematic diagram of the parameters of the lower rotary
throwing knife
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Note: F,is the force acting on the rotary throwing knife in the forward direction,
N; F) is the horizontal force of soil on the rotary throwing knife, N; Fy is the
normal pressure of soil, N; F; is the tangential resistance of soil along the rotary
throwing knife, N; 8 is the bending angle of rotary throwing knife, (°); 6 is the
angle of welding between rotary throwing knife and roller, (°).
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Fig.6 Force analysis of rotary throwing knife
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*1 TRTEEBHAHESY

Table 1 Discrete element simulation parameters of different soil layers

¥ {& Values
Parameters Lz i Rz
Upper Middle Bottom
JF Density/(g-cm™) 1.492 1.525 1.550
HFALL Poisson's ratio 0.298 0.293 0.292
By L)#EEL Shear modulus/x10'°Pa 1.80 1.78 1.74
ARSI R 0.170 0.204 0218
Soil-soil recovery coefficient
. ﬂﬂ%ﬂﬁ%gjﬁ?ﬁ . 0.68 0.68 0.68
Soil-soil static friction coefficient
. ﬂ*gﬂ*w@ jﬁ?ﬁ . 0.052 0.054 0.085
Soil-soil dynamic friction coefficient
+-3%-65Mn 1 R %
0.322 0.436 0.676
Soil-65Mn recovery coefficient
- #E-65Mn B EEHE R L
0.36 0.41 0.47
Soil-65Mn static friction coefficient
+#-65Mn B EEHE R L
Soil-65Mn dynamic friction coefficient 0.133 0.169 0.398
e AR
2 31 .34
Yield strength of soil/MPa 0.29 0.3 0.3
H &b 2L gz
AR ALY 2 603 3917 5146

Cohesive energy density/(J-cm™

5k SR, R A AN B 7€ LR AT AR TR
f£ Solidworks @Il g — #6128, H B N
1 000 mmx600 mmx300 mmx300 mm (xR JEx_FJEx
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7R 0.8~ 1.2 BEALA B, B 442 i 200 000 A 1 3850,
i EosEETE 7 fion. RBEMHNSH)E, 7T
Recurdyn B Pz & m, (hFERSHEWE 8
Fi7x. 76 EDEM )& Ab 3 5 B i f A il X 8, e ) B
BT 1 88 8 TR BT BRIt 48, S g T AR A,
TR R 90.791 kg

IS
Upper soil

e
Middle soil

; s ‘,\‘3&135‘)\

0

Bottom soil

A7 A4 AER
Fig.7 Simulation model of soil ridge

v‘ E

a. JHRTE L b. FRE kB
a. Beginning of soil clearing b. Stable soil clearing stage

B8 frAaiiz

Fig.8 Process of simulation
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HORE TR IO R,
3.2.2 RKEHR
ELERWE 2 Fin. HRAIGEEAELHHE T,
WY TR 30° TE LR, HIKE 45° fl60°,
0° ¥ T d /A, T EHI B A I A R R N SN 5
RN, ik R B Bl A R AR R RS AT AR O, ey
T X A A B AT IR BE N 3~3.5 m, FT LR R
T EL Pzt PR B3 A AT s YE A

*2 BEHFRABRER
Table 2  Single factor test results

2 HE % B JIRHSE
Fac to}s Soil clearing Throwing Cutter torque
mass/kg distance/m /(N"m)
WEMh TR A 0 42.086 1.41~1.63 14.94
Weldingangle 3¢ 46.630 1.71~1.93 9.78
of rotary
throwing 45 43.877 1.68~1.87 12.93
knife/(°)
60 43.689 2.21~2.42 18.19
0.4 46.451 1.26~1.47 9.58
AIEERE o7 42,855 1.42~1.66 10.96
Forward speed/
(rmin™) 1.0 37.126 1.47~1.68 12.04
1.3 32.365 1.55~1.76 15.08
50 37.094 0.65~0.86 19.54
100 41.857 1.14~1.37 17.63
JEFIE 900 43.644 1.27~1.46 12.74
Cutter speeds/
(rmin™) 300 43.764 1.45~1.67 14.69
400 44221 1.84~2.16 18.74
500 45.091 2.15~2.32 20.37

2 AT LLE 2IVE L2 AWk, IRk R
T LR 8 A R (S AN G . WO BN AR ET
HEHE N 0.4~0.7 m/s FHAT IEZ IR

W& J) BRI, WS, LIEE
BERzE, ) E AR RE S ) 3G N S 5 1K,
MEEIHA 50~100 r/min I, BT HIERMIE R B RN,
LR O S B, SBUTEERR, FRET]
B J il L2, ) 248 200~300 r/min J#E47 1E
ARG -
3.3 S EIEMRE L EBENEREZT
3.3.1 ExAy AR £kt

IR BN ) e TAES B A, DU )R8 4
A Bl (B KATEHEE (O AmAE, D
G EERAVE AR, AT IERS R R, AR RSO
R A B AGRR o T, BEITIIREE A AR 0° ~60° HL
18, #&3HAE 200~300 r/min BUHE, FT#EEEZAE 0.4~0.7 m/s
BUE. ¥ LR =R HE 4 AACT, W56 R KF
% 3 Fin. WBERH=REIK, FHin—a12 8%
VERIRZES], & L (4') [EXX%. £ EDEM J5 A3
AR 15 B O RS X s, U AR e ) AR S RS R
TR A .
3.3.2  EZUREELE R oM

it EDEM T Hied ) Fr 2 4, R 4 X1

T8 B AR 22 4 A AT, 52 el 703 AR K 32 Ik A
RV TIP3 A . RUBEE T . i, Hmies
Bt A 24 e i T AR 82 o 30°, JTELEEH A 300 r/min, R
BEEFERN 0.4 m/s. X ) EAMFMIRLZE S pT el 50, 52 iE
b A ) 32 R R R AR ORI T AR A, TR,
JIREE, Hm e e )88 m 300, J)
BH#5 270 r/min, FUHEEEEN 0.4 m/s. RIELA XTI
EATE LR A, BOEEF R, HEBIN L
TERR, mAGERURMTIIEH MR 30°, TR HE N
270 t/min, AIFEEE N 0.4 m/s.

*x3 EHRKEE

Table 3 Levels of experimental factors

P E;ﬁiﬂﬁ‘)ﬁ%%ﬁa TIH I AT REEE 2
Levels Weldmg anglf': of rotary Cutter speﬁds Forward sgeed Blank D
throwing knife 4/(°) B/(r'min”™) C/(m-s™)
1 0 210 0.4 0
2 30 240 0.5 0
3 45 270 0.6 0
4 60 300 0.7 0
x4 EXRWERRESH
Table 4 Range analysis of orthogonal test results
= =
indx Yo 48 ¢
K 190.07  187.20 182.25 184.17
K 180.25 185.74 184.87 185.19
RiFkE K 183.63 18437  186.54  186.72
Uﬁiﬁid Ky 187.55 184.19 187.84 185.42
soil mass W= R 9.82 3.01 5.59 2.55
PR A2 B4 Cl D2
ER/CSES A>C>B>D
K, 56.39 52.43 51.4 53.13
K 41.18 52.54 532 54.63
K; 50.37 52.26 52.87 53.85
Tﬁz‘ie Ky 65.12 55.83 55.59 51.45
R 15.21 3.57 4.19 3.18
LK A2 B3 C1 D4
ERVNSES A>C>B>D

e Ki(i=1,2, 3, 3R i KT Foet BRI AR AR R Z B 2 Al
Note: K; (i=1, 2, 3, 4) represents the sum of the values of the test indicators
corresponding to the 7 level.

I SPSS BAEXT B A PEAN T bR AT 0 2 b,
x5 Fin, DAELFENEN IR, TR AW
Wi %, ArEbEE R, g 2% R=0.952,
B SE BB R,0=0.879; VLA AT Fabn, MR35 40
S, ATHEEE R, RE R B R=0.949,
VB s BB R?,0=0.873, KW AIE, S0
iR —5.

BREUBEM AL M N 30° . T EALHE N 270 t/min,
RUHEE AN 0.4 m/s FROGHHT 0 BARGR, i 9 FioR, HL
rhoRTERR IR BN 40.028 kg, 1B LE N 5591%, HFE
B HAE N 8.92 N-m, Ik B 4ErRIE 1,44~
1.67m N,
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Table 5 Variance analysis of soil removal rate and torque

e BET IR .
e KR % -
sepr PERRTG o mmp 7 P gy
Source of Mean F L
Index . squares of Freedom Significance
variance .. square value
deviations
A 14.021 3 4.674 27.840 0.001"
R B 1470 3 049 2918 0.122
Soil c 4364 3 1455 8.664 0.013"
removal
rate RE 1.007 6 0.168

A 34384752 16

A 52578 3 17.526 28.077 0.001"

B 5920 3 1.973 3.161 0.107
i C 11309 3 3.77 6.039 0.03"
Torque

iR 3745 6 0.624

B 2949997 16

e HFRRMEE (P<0.0D) 5 *RREFE (0.01<P<0.05) .
Note: ** means highly significant (P<0.01); * means significant (0.01<P<0.05).

—=— $11% Torque
’ l4r = T
12t Average value
=
¢ z 101 8.92 N'm
ElR
&
s 6
=
% 4
2
0 05 1.0 15 20 25 30
IR 7] Time/s
a. RiE b. JIEAE

a. Uncleared soil quality b. Tool torque
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Design and experiment of the rotary throwing knife of wine grape
cleaning machine

Yang Qizhi, Yang Xinyu, He Mingsheng, Zhang Ruoyu, Wen Tianni, Shi Aiping
(School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Soil clearing operation can be one of the most challenging steps in the wine industry in recent years. The low
efficiency can often be found in the single-layer rotary throwing during the soil cleaning operation of wine grapes in northwest
China. It is still lacking in the interaction with the soil particles in cold soil, due to empirical design. In this study, a layered
rotary throwing soil remover was designed to clarify the interaction between the soil and the rotary throwing knife. The rotary
throwing cutter was then realized to balance the different functions of the upper and lower rotary throwing cutters. A dynamic
analysis was carried out to determine the overall size of rotary throwing knives using RecurDyn software. Among them, the
RecurDyn was a new generation of simulation software for multi-body system dynamics. The movement of the rotary
throwing soil cleaning machine was theoretically analyzed to determine the main factors affecting the power consumption and
throwing distance of rotary throwing knives. Specifically, the trapezoidal soil ridges in the cross section of 1 000 mmx
600 mmx>300 mm %300 mm (Length x Bottom bottom x Upper bottom x height) were established in the EDEM, according to
the agronomic requirements of wine grape planting and soil cleaning. The coupled EDEM and RecurDyn simulation was
conducted to analyze the interaction between the discrete particle group of cold-proof soil and the rotary throwing knife.
Among them, the test factors were taken as the rotating speed of the rotary throwing knives with the different welding angles,
and the forward speed of the whole machine. The evaluation indexes were set as the influence of the soil removal amount and
the torque of the rotary throwing knife. An optimal combination of parameters was then obtained after optimization. Then, a
three-factor four-level orthogonal experiment was designed to verify the reliability of the model using the analysis of variance.
Further verification was also made using a bench test. A series of parameters were also selected in the bench test, including the
cleaning rate of the machine, and the torque during operation under the conditions of different welding angles, the rotating and
forward speeds, as well as the optimal combination under the conditions of various parameters. The results show that an
optimal combination was achieved, where the the soil removal rate was 49.1%, the torque of the rotary throwing knife was
13.09 N-m, and the soil throwing distance was concentrated between 1.52-1.75 m, particularly when the welding angle of the
rotary throwing knife was 30°, the rotating speed of the knife was 270 r/min, and the forward speed was 0.4 m/s. Excellent
consistency was also obtained with the simulation and experimental. The findings can also provide the theoretical basis and
technical reference for the subsequent development of grapevine soil cleaning and vine lifting machine.

Keywords: agricultural machinery; test; simulation; layered rotary throwing soil remover; rotary throwing knife;
EDEM-Recurdyn
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