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1. BR ¥R %8 Depth limiting wheel; 2. 2 #lii ¢ & Excavation device ;
3. LG Rotating rake teeth; 4. fiii% 3¢ B Conveying devices; 5.
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Fig.1 Schematic diagram of complete fritillary
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TEMOR AL o A rh 324 3 B E e DA L
2 BRVEHE 5 b R IF I8 B P T 42 IR, 4 A
KL 55 DU RS ZE IR G W) TE AL &% i e R v, R
PR T4 HE B 5 e MU 0 T 3 AR IR A Pk %
B IAREE S S BRI O B 5 1R
R B W T i 2% R o DL — € SR T, 283
TR DRI |, I ARUZ RSN, L DR =R

/N b SEATRL 28 1 SUR R B 0 T, v Bk 1t
DB P 2R R 3 PHDRE 5 DL BB 28— v AR
GEMUNITE % SV ETSuRs

2)25 Ly B B A 5 TARIREE . 25 0B
L AR R AR R B RIS I 3 5 R
VKL -5 DL RE SR 2% A 1] AL, 3 3k 2 ) 42 e L R i e
RAEH LA AN RIFR L . i 70 2 58K XU i 5C
LR A TR 5 0 2 i A S A O Tt
i/ LA AR, SIS S F B L/ R A 5 X
JE VA R G R 0 5 T G 4 ) AL, B 1 07 20 A
SO ¢ T S O O AR RS A TRE A 5 07 4
TR A AP H 5 T A A RS R, R
i i ST 25 i)z sl e — e R JEE L i A5 05_L peof [m]
is3f, B Ik TE

LRE %R, DO EY L B B AT AN 1A 2 B
7, EE i ARSI AL R BT R SR AL
DR N 132 Bl i LR e A el A i R [ AR PR
s PR AR AL TR B0 22 07, L mi M S AR 2
B A R A 5 L ARAH I

1< ,
=%

NS s
s

1. BREhHLHS Drive mechanism; 2. HL22 Rack; 3. i R
Soil crushing roller mechanism ; 4. 4% 2l i #L ¥4 Swing screen

mechanism.
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Fig.2 Structure diagram of screening device
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1. 4% Crank; 2. 3% #T Connecting rod; 3. if #2 #F Front swing
bar;4. 93 M Screen mesh; 5. 52 Rear swing rod.
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Fig.3 Analysis diagram of force during throwing
motion of screened materials
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1. b i M HE 42 Upper screen frame; 2. #f L §# Punching screen;
3. L0 W 37 £ 48 Upper screen support frame ; 4. % #5513k Connect-
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Fig.4 Schematic diagram of sieve device structure
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Fig.5 Fritillaria three-axis size distribution diagram
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Fig.6 Crushed soil roller
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Fig.7 Force analysis diagram of fritillaria
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Table 1 Table of particle size distribution

s 5 A BARE R/ mm et/ %
Particle type Particle size range Proportion
A DIHF Fritillarias 14~65 4.15
B 13 Soil <14 28.75
C 13 Soil >14 67.10

A:DUBEAS Y

Fritillaria model

C:>14 mm T34 R

>14 mm soil model

B:<14 mm 1A 5
<14 mm soil model
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Fig.8 Particle model
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Fig.9 RecurDyn model
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Table 2 Physical parameters of materials

Tt H THRA L w1/ (kg/m®)  BYIE R/ MPa
Ttem Poisson’ s ratio Density Shear modulus
X Steel 0.35 7.83%x10° 7.27x10*
DUE): Fritillarias 0.46 1.10X10° 2.53
+ 3 Soil 0.30 2.65x10° 1.30

R3 BEMAFSH

Table 3 Contact mechanics parameters

SiH PR B WEEEINAL SRR
It‘ Coefficient of  Coefficient of — Coefficient of
e restitution static friction  rolling friction
jﬁ%ig& 0.200 0.400 0.030
Soil-soil
.
LE-NE 0.050 0.450 0.010
Soil-fritillarias
e
i.ﬁ_ﬁﬂ 0.300 0.500 0.050
Soil-steel
g
g 0.591 0.655 0.042
Fritillarias-fritillarias
NEs.
-4 0.600 0.538 0.100

Fritillarias-steel

*&4 Bonding V2E#%
Table 4 Bonding V2 parameter table

Z4 Parameters +-3- 3 Soil-soil

N3 13{: || i 3
LR DATIE {ZEWVJJE/(N/m ) 137X 107
Normal stiffness per unit area

o AT 3
Eﬁmw JJIuJBlJEZ/(N/m) 1 46X 107
Shear stiffness per unit area
I #7111 13 /1 /Pa Normal strength 4.52X10°
I #8115 13 11 /Pa Shear strength 3.24x10°
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Fig.10 Coupling simulation process diagram
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Fig.11 EDEM model
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N, Table 6 Response surface methodology
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R kg N, oW B DR U kg
BN Y, HI A0 .
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HEAT DU PR ER K A e 7 T (35,38 6)
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Table 5 Coding of factors in response

(11)

surface methodology

. p . TR R L/
gy HEUN/C)WRRER e R
. Screen surface mm (r/min) .
Code o . . . Speed of soil
inclination Crank radius ~ Crank speed .
crushing roller
—2 0.0 30.0 238.74 190.99
—1 1.5 32.5 262.61 214.87
0 3.0 35.0 286.49 238.74
1 4.5 37.5 310.36 262.61
2 6.0 40.0 334.24 286.49

iz ] Design-Expert 24X 150404 E47 4341 Fn
A, R 7R BRI AR 2 (P<<0.01) , mIIH 7
PRI R .35 (P=>0.05) , 1 B 0] 455 50 400 25
e Hib X, X0 X5 X2 X7 XG50 Y OS2l 2
X\ X0 Y B s e bk 2, 4% DR S e S T Ry
XX X0 X X0 X0 Xy X6 Y B 52 b 25, 4% I
KA T N X, X, X, X SR 35 5 0
5, 439043 B Y R BACR Y, i [RHE
JifE:
Y, =52.27—17.94X, + 7.35X, + 16.59X, +
2.26X, X, — 2.28X} — 2.16X; — 2.29X?

Y,=86.13 + 1.12X, + 1.80X, +
1.52X, 4+ 0.46X,

X BEAEAX R EIRR IS AT
H1 2 7 AR S5 65T A A0 A A 5 S S L IR WA
=S AU ETE N SR (B R B E N T N &
v 58 ELAE S0 pH AV 2 3 0 T 0 0 X6 1 BE A B
(2R . 38 4 Design-Expert 800445 8] 038 BAE FI T

(12)

(13)

2.2

design and experimental results

e [ G ES ) _iﬁ%?‘éﬁ'
Nurber Test factors Experimental indicators

X X X X Y% Y%
1 0 0 2 0 72.87 87.68
2 1 —1 1 —1 37.47 86.35
3 1 —1 1 1 42.51 86.98
4 0 —2 0 0 26.99 80.73
5 1 —1 —1 —1 1.44 82.67
6 1 1 1 1 50.11 90.53
7 —1 1 —1 1 59.15 84.87
8 —1 —1 —1 —1 39.48 80.84
9 0 0 0 0 51.50 85.43
10 —1 —1 1 1 65.24 85.37
11 1 1 —1 1 72.87 87.68
12 1 1 1 —1 55.39 90.02
13 0 0 0 0 46.88 85.23
14 —1 1 1 —1 82.41 86.81
15 —1 —1 1 —1 74.25 84.05
16 —1 1 —1 —1 52.37 84.16
17 2 0 0 5.93 88.25
18 —2 0 0 0 79.94 84.08
19 0 0 0 —2 46.57 84.07
20 —1 —1 —1 1 36.63 82.56
21 0 0 0 0 54.42 86.74
22 0 0 0 2 47.25 85.51
23 0 0 0 0 54.04 86.64
24 0 0 0 0 54.42 86.74
25 0 0 —2 0 12.88 81.59
26 0 0 0 0 42.72 86.01
27 —1 1 1 1 86.77 88.36
28 1 1 —1 —1 8.51 87.34
29 1 —1 —1 2.62 84.04
30 0 2 0 0 59.79 88.90

e 5 3 5 W) ) O 7 AT, AP 12 B o i [ 12 ]
SR, 204 0 T AR — A I, WS 5 B A 2 3 1% 4
2 BT ZBR IR T Y ehs sh o E R 3 25
ARAE  BAREE T, Wkl S 5 B2 AN R, S O AE
TET 5 B s ) o, Al 88 00 AR I I i 3 e s 42 T, )
EARAT By (0 S A9 v JEE MK P (S RS 3K Dk >
Wk U AT 14 42 Ak U S, PR OR T8 i A
B Wi AR i 25 g

44 A — I, WA 5 O T T A £
S UM B il 2 O i A A AT K, B
Ui T ) 13 38 RS T Wb ) i ik, i A, i Y
00 #7120 TR 10 AR SRR B 1) S 3 2, ik
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Table 7 Analysis of variance for the regression model

Y, Yit#%3% Net profit margin

Y, /3 B3R Separation efficiency

B3
Source of variance SEH R A SEJ5 A A
Square sum Degrees of F P Square sum Degrees of F P
freedom freedom

575 Model 16 111.5 14 98.36 <<0.000 1™ 175.00 14 30.27 <<0.000 1™
X, 7723.53 1 660.15 <<0.000 1™ 30.17 1 73.07 <<0.000 1™
X, 1296.43 1 110.81 <0.000 1™ 77.93 1 188.71 <<0.000 1™
X, 6607.15 1 564.73 <<0.000 1™ 55.47 1 134.34 <<0.000 1™
X, 3.20 1 0.2739 0.608 4 5.06 1 12.25 0.003 2™
XX, 23.52 1 2.01 0.176 6 1.07 1 2.59 0.128 1
X, X5 81.66 1 6.98 0.018 5 0.00 1 0.000 1 0.993 1
XX, 4.91 1 0.42 0.526 7 0.3707 1 0.897 6 0.358 4
X,X5 0.008 3 1 0.000 7 0.979 1 0.056 4 1 0.136 5 0.716 9
XX, 21.88 1 1.87 0.1916 0.2322 1 0.562 2 0.4650
XX, 18.52 1 1.58 0.227 6 0.001 3 1 0.003 2 0.9553
X2 142.22 1 12.16 0.003 3™ 0.4198 1 1.02 0.3293
X,? 128.26 1 10.96 0.004 8~ 1.26 1 3.05 0.1013
X? 144.00 1 12.31 0.003 2™ 1.86 1 4.50 0.0510
X2 45.07 1 3.85 0.068 5 1.33 1 3.22 0.092 9
5% 2% Residual 175.49 15 6.19 15

Al Lack of fit 133.47 10 1.59 0.318 1 3.87 10 0.8355 0.623 2
%22 Pure error 42.02 5 2.32 5

S Total 16 286.99 29 181.19 29

Tk, R B2 I 3 (0.01<XP<C0.05) 3 %+, /R B2l 2 3 (P<<0.01) . Note: * and ** indicate significant differences, P<<0.05 and P<<

0.01, respectively.
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Fig.12 Response surface of the effect of the interaction
of experimental factors on the index
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Fig.13 Flow diagram of multi-objective
gray wolf optimization algorithm

AR A S B A 77 TP OGS AL S 0 B RO K
LR 75 LB V- 0 S A O TR A O 1.67 L it A
A2 R 39.7 mm  HI AR L 3R 332 r/min  BF A 5R A
o 284 r/min I, W ARk F 93,7200 , 7 B AR A F
92.09% . M2 A& T RIER 5 Wod 38 0 [ I, 73
BIRCRARAL T5 BEYE FLN , BEAS I L DL A) 25 4270 5
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DL SR M B 5 25 53 9 458 A% i A DL B Sy ik 56 Xt
G o XF BT ELA 1 Y R DR B AR R X 4 4
HEAT R 43, SR I Hiz WA LA 5 B 4 TR B A% L 151 5
DURESEATIR A B S0 25 + 4y B 5, (RAIE s Bk
515 5 4000 1 — Bt DT 50U £ B BE Y 1E A
PR L B 45 R AT Sk

h T BRGSO ORI 2 H AR R S5 R He
HE S5 P 1 454 S 84T T REDLIR ], I FE Ak AR A
W A Y SR BOR S S R TR
R & 42, i 14 B .

1. 73 [ %8 Universal wheel; 2. #L22 Frame; 3. 2 2)) i F8 Hl Swing
screen motor; 4. i /% 8y Chain drive; 5. #2 8 i AL HL 45 4 72§ Swing
screen motor frequency converter; 6. 4 £ 48 1 #L 28 45l #% Crusher
roller motor frequency converter; 7. # L HEHLAL Crusher roller motor;
8. M A %% B Feeding device; 9. #f 4 # #HL #J Soil crushing roller
mechanism; 10. 25 f#HL#4 Swing screen mechanism.
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Fig.14 Bench test structure diagram
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Table 8 Results of bench test %
i LheEiES I BROR LIRS
Number  Net profit margin  Separation efficiency ~ Damage rate
1 90.12 88.53 4.13
2 89.89 90.28 3.90
3 93.15 91.70 3.49
- 14]
M 91.05 90.17 3.84
Mean

R MEAULEREERABRERILR

Table 9 Comparison of simulation optimization results

with bench test results %
Wi IR ER
I H Project Net profit Separation
margin efficiency
ARt
ZHLLE 93.72 92.09
Multi objective optimization value
FAURY{H Bench test values 91.05 90.17

FHXFIR 2% Relative error 2.93 2.13
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SRR REMAE R E
3 i
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B AR 7 AR I R AT B RO IR SRR IR
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39.7 mm ., fi1 A %5 5 K 332 r/min . iE SRy 284
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Design and experiment of a dual-layer oscillating medicinal-soil
separation device for fritillary bulbs

DONG Runing', DUAN Hongbing"?, HAN Mingxing"*, ZHANG Fen', LI Yanlong®

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Potato Biology and Biotechnology,
Wuhan 430070, China;
3.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment in the
Middle and Lower Reaches of the Yangtze River, Wuhan 430070, China;
4.Dingxi Sanniu Agricultural Machinery Manufacturing Co., Ltd., Dingxi 743022, China

Abstract A high-efficiency medicinal-soil separation device was designed to address the challenges of
separating fritillary bulbs from soil particles with similar sizes and the low recovery rate in existing fritillary
bulb harvesters. Key parameters affecting performance and their value ranges were determined based on ki~
nematic and dynamic analyses. A discrete element method and multi-body dynamics (DEM-MBD) cou-
pling-simulation model was constructed. Central composite design (CCD) experiments were conducted
with sieve inclination angle, crank radius, crank speed, and medicinal-soil roller speed as experimental fac-
tors, and recovery rate and separation efficiency as evaluation indexes. Analysis of variance (ANOVA) was
performed on the results of CCD experiments to establish regression models between recovery rate/separa-
tion efficiency and significant factors. The model was solved with the multi-objective grey wolf optimization
(MOGWO ) algorithm to obtain the optimal combination. Results showed that increasing crank radius and
crank speed improved both recovery rate and separation efficiency, while increasing sieve inclination angle
had opposite effects. Excessive inclination caused material blockage at the front end, hindering rearward
movement, though soil continuously sifted downward during operation. The optimal combination of param-
eters was the sieve inclination angle of 1.6°, crank radius of 39.7 mm, crank speed of 332 r/min, and soil-
crushing roller speed of 284 r/min, achieving a recovery rate of 93.72% and separation efficiency of
92.09%. The results of bench verification under identical conditions showed that the recovery rate and sepa-
ration efficiency was 91.05% and 90.17% , closely align with the simulation-optimized outcomes with a rel-
ative error of less than 3%, meeting the requirements for fritillary bulb-soil separation and fully validating
the practicality of the dual-layer vibrating separation device designed.

Keywords fritillaria; harvester; medicinal-soil separation; coupling simulation; multi-objective grey
wolf optimizer (MOGWO) algorithm
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