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)0 463 kg, FL A5 114 51.5~66.2 kW Hi i AL , i
IR = B MR YA 900 mm.

1. = S EHHLH Three point linkage; 2. 3 sh 2 Hii 4 Vibrating
excavator; 3. — 2 ¥§ 81 i1 2% i Primary vibrating conveyor screen;
4. i J5 HL4E Front and rear frames; 5. f&R81B% Vibrating plate; 6. £
i Spiked roller; 7. —# ik i Secondary conveyor screen.
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Fig.1 Structural diagram of vibrating extrusion
separating water chestnut harvester
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1. — 2R shi 2% 5 Primary vibrating conveyor screen; 2. iU JR 3l
7% Eccentric vibration bearing; 3. %% fil Rotation shaft; 4. $i% /> §ili 4l
7 Vibration spindle bearing; 5. i 1 #2 Vibrating plate; 6. 15 i Bk 4%
Rubber ball roller; 7. £] 454 Spiked roller; 8. §if 3 [ 4 Leading wheel;
9. 4 Baffle; 10. — 2% i Secondary conveyor screen; 11. 24
I GHBRE%E Secondary conveyor screen drive wheel.
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Fig.2 Working form diagram of vibration
extrusion separation system
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Fig.3 Simulation diagram of motion
track of vibrating plate
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Fig.4 Vibration plate motion analysis diagram
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Fig.5 Three types of soil fragmentation
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Fig. 6 Analysis diagram of nail tooth impact force
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Fig.7 Stress analysis diagram of soil block
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Fig.8 Tools and soil simulation model
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Table 1 Material parameters Table 3 Simulation test results
#48}F Materials ZJ Parameters BE Value S TREWEFE U,/ %
La=a . .
BIKE/ Y Water content 17.36 Test No. X X, X3 Soil fragmentation
R @/ (kg/m®) Density 1650 e
Soil particle  jf1# H Poisson’s ratio 0.38 ! ol ol ol 732
H Y4t /Pa Shear modulus 2.8 107 2 L ! ! 811
3 —1 1 —1 85.6
BLEkIS B/ (kg/m?) Density 7800 4 1 1 -1 89.4
Iron part of the  jfj#A H; Poisson’s ratio 0.30 - . . . 81'1
implement 415 it /Pa Shear modulus 7X 100 '
F5 Y44 /Pa Shear modulus " 1 _q 1 86.7
HLELg I B/ (kg/m) Density 940 7 . 1 1 88.9
Rubber part of  j(1#t [, Poisson’s ratio 0.47 8 ] 1 1 913
1mplemem %m*ﬁhi/}’a shear modulus 29X l()9 9 —1.682 0 0 76.0
T FEE I N &) Static friction coefficient 0.67 10 1.682 0 0 85.6
Soil-soil TR BN A EL Rolling friction coefficient 0.03 11 0 —1.682 0 79.0
k42 80 Coefficient of restitution 0.2 12 0 1.682 0 89.5
- W PR SEE N Y Static friction coefficient 0.75 13 0 0 1.682 82.1
e
Soil-iron  TRBNEFRIAEL Rolling friction coefficient 0.10 14 0 0 1.682 87.9
k42 80 Coefficient of restitution 0.2 15 0 0 0 69.5
- FREESEERIEL Static friction coefficient 0.47 16 0 0 0 72l
e - y 8.¢
Soil-rubber  TRANEEHEIREL Rolling friction coefficient 0.12 17 0 0 0 68.9
k42 80 Coefficient of restitution 0.3 18 0 0 0 693
19 0 0 0 70.4
(CCD) i a3, % 8 N R SEE T A 7 e . 20 0 0 0 68.5

G R R G 3R 2 s

Fx2 REEERFHD
Table 2 Experimental factors and codes
2 = < . ) % '}\‘J 1 ‘*
PR BRI AR /e Tk +E%L
ity A/mm Vibration § n/(r/min)
Code Vibration plate ! ra‘ on Arequency Speed of spike
. of vibrating plate
amplitude roller
—1.682 25 3 200
—1 30 4 250
0 35 5 300
1 40 6 350
1.682 45 7 400

i - 28 R U AR A 1 i R 3l 3% e 43 25 4L
FE EMERE M FE A . I E O % I EDEM 4 J5
AL FRAR B | X6F R E] A bonding F &L H U, A%
3t A ey - S3EORE ] bonding &8 KT 24 % H U #4758 11,
WIEAR U, =U,/U, X 100201155 + 20 .

3) W FE Mo 5 Il )4 7 #2 . 3@ 4 RecurDyn-
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3WHX . X, Xy NI R g% H . A Design-Expert
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A IRBIARIRI /T 15 R 3 0 XoF B 1 R )
P ALA 1A 75 R R A0 2 8 s 1 i o A 7Y

X2 3IE A5 R AT W E R 22 0 S
WEW X EIH IR, 220t RMF LR, L2
il R 3 0] 7 AT [ DA TR A 8 25 (P <<0.000 1) 5 A2k
PL(P=0.641 0) , X L4845 1) 77 #2550 B L &
R HEX, X, X, X7 X5 5 XX+ 2R
IS ETE G & AL E [ 7 N TE DGR O.¢
R3]+ ECR U, BE TR -

U, = 69.77 + 2.62X, + 3.72X, + 2.08X, —
1.04X, X, +4X}?+ 5.22X7 + 5.48X7

4) WA L TRT AT o P e J2 A R ] D A g S
S AT AR, IR BN AR IR fFNET VR AR T X A B R
AL H R 2 4R S AR AR R A 5 4R sl AR A 1
PRENMRIRME A 55T 15 F 4% o o XF L R R A B
M) N 38 o 2 AR SR IR AT /AN T I R 5% 1 m 28 A
FE ] 17 i An 9 B o

W) 37 T 43 T 45 R R B, S AR S A PR 4 35 mm
Bb T 1A R T T, 22 e 3R o i 0 e i 4 434
RAEARE: T3 25 IR sl AR IR 1 5, 1 JZ e
BEET D R T AR 2

UET U R v R BN AR IR A AR B, 2
il 1A 258 it i 20 W e A0 3 T 47 R o R B SR R U T
s A SO L3R SR IE 3 73 A 7 AT, 4k B Al

(19)
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Table 4 Significant analysis of regression model of soil fragmentation rate
77 2R Variance source F-J5 il Sum of squares [l Degreeof freedom  #JJ7fll Mean square ~ F{ F value  P{f P value

1751 Model 1245.08 9 138.34 95.22 <20.000 1**
X, 94.08 1 94.08 64.76 <20.000 1=
X, 188.66 1 188.66 129.85 <20.000 1#*
X, 59.29 1 59.29 40.81 <20.000 1
XX, 6.66 1 6.66 4.58 0.057 9
XX, 1.71 1 1.71 1.18 0.303 3
X,X; 8.61 1 8.61 5.93 0.035 2%
Xi 230.38 1 230.38 158.57 <20.000 1
X3 392.39 1 392.39 270.09 <2 0.000 1#**
X5 433.28 1 433.28 298.23 <20.000 1
%2 Residual 14.53 10 1.45
KA Lack of fit 6.04 5 1.21 0.71 0.6410
4% 2% Pure error 8.49 5 1.70
J2 1 Total sum 1259.61 19

IR ER %
Soil fragmentation rate

/ "
- U.=F(@5mm, fn) A
9 RE/EFmA
Interaction effect response surface
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7 Hz KT %% 3 200~350 r/min, iz ] Optimization
R A 11 A BB A B D032 20 2 800K < 9k 3 Al 0 it
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Fig.10 Harvesting experiment of water chestnut
76 A %1 43 5 46 K B 10 m B2 1 m B/ IX
B E TR EE 260 mmo RS DX P Bl B S
A~ 500 mm X 500 mm A3 DX, 0 7 32 X8 P
JE A AT RO Y, FH E) a0 )23 A 38 DU
N U= mps/my X 100%, /NE AR+ 3R B4R
/T 50 mm B BRE R R IRFGE T 5 A DX Y
HIZE R %
HH (RS0 25 26 5 s, LT3 1+ 2 il i
h93.54 % , LJRBERERE 15 s XM E AR 80.33 06 , i



212

LS N AN S o ¢

943 %

A 5 AR AR ) S DR D 5 23 5 Y 1 22 55 i i
M AT G, & IR ZFF R . SRR
28.08%0 , M T IR SRRl 222 A B iy, B —
%K 35 9 1) J S ) 2 SR PR s AR i AR DR
M ORI 7, (RIS AT 1 48 368 272 5 1) nfr ol o o 50

SYEEFE I
RO EFXZTHERKBER
Table 5 Test results of water chestnut mining %
e HA 3%
Sl Soilj;riﬁlfeﬁ:tiion l—’ropor‘ti)inﬁ oqf:urface B
No. rate Eleocharis ulcis Damage rate
1 98.16 77.86 31.51
2 93.22 77.20 24.30
3 90.57 81.76 28.90
4 92.68 83.34 30.61
5 93.10 81.51 25.12
3 i #
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JE 43 85 %% B B9 BR SR N T I 4858 3h B 8tk AT 4
Br, 3 21 AL BT S EOCN - IR SR 1 33.04 mm,
PR B HR A0 6.63 Hz £T 14 i 4% 1 336.72 r/min, L
- Z W18 93.58 % . ZEFE RO E I, MRk
BRI 32.41 mm IRBNRIRAT 6.5 Hz ET 145 5 5% R
330 r/min i, H (8] 3 56 52 PR 1 4 2 B RE R R
93.54% , GHRIEA —F, (AR AF AR 5Kt =
[ii) 0, B85 e SRR A O R B AR S AR e e A iy,
B Gk 0 1) J5 ik 1 2R SR R S AR L i I

FEXTRERL R B A4 00 3 5 W S R AR Ay ) A
J SR AR Bl Al i O J 2 2B e B AR Bl AR IR T
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T 0t o, LA G ST P ) 2 T 1Y) 29 5 0 e S s
PER AZER BRACE N TH4R 95 VR .
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Design and test of vibration extrusion type water chestnut harvester

WU Zedong, LIU Haopeng, ZHANG Guozhong,ZHOU Yong,SU Yangiang, LIU Ran

College of Engineering/Ministry of Agriculture and Rural Affairs Key Laboratory of
Agricultural Equipment in Mid-Lower Yangtze River, Huazhong Agricultural University,
Wuhan 430070, China

Abstract A vibration extrusion type water chestnut harvester was designed to solve the problems of
high manual labor intensity, low operation efficiency, and difficulty in separating fruit and soil during dry
harvesting of water chestnuts. The separated water chestnuts were scattered on the surface for easy manual
picking by enhancing the effect of crushing the soil layer and improving the degree of fruit and soil separa-
tion. The key parameters affecting the separation performance were determined to be the amplitude of the
vibration plate, the vibration frequency of the vibration plate, and the speed of the nail roller by analyzing
the stress on the water chestnut soil block during the process of operation. The range of key parameter val-
ues was preliminarily determined according to the existing experience. Design-Expert 10.0 was used to de-
sign the CCD center combination test by using the amplitude of the vibration plate, the vibration frequency
of the vibration plate, and the speed of the nail roller as the influencing factors, and the rate of soil frag-
mentation as the evaluation index. The results of simulating the RecurDyn-EDM coupling showed that
there was a better crushing effect and the rate of soil fragmentation was 93.58% when the vibration frequen-
cy of the vibration extrusion plate, the vibration frequency of the vibration plate, and the speed of the nail
roller was 33.04 mm, 6.63 Hz, and 336.72 r/min, respectively. The results of field verification test
showed that the actual rate of soil fragmentation, the rate of water chestnut, and the damage rate was
93.54%, 80.33%, and 28.08% , respectively when the actual amplitude of vibration plate, vibration fre-
quency and the speed of nail tooth was 32.41 mm, 6.5 Hz, and 330 r/min, respectively. It is indicated that
the effect of crushing soil is good , and the fitting degree with the results of simulation is high.

Keywords water chestnut; harvesting machinery ; vibration extrusion crushing ; simulation of Recur-
Dyn-EDEM coupling
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