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Design and Experiment of Combined Shovel-screen Ginger Harvester

HUANG Xinping'?> XU Ruihua’ HUANG Guangjie' JIA Songtao' WANG Fangyan'
(1. College of Mechanical and Elecirical Engineering, Qingdao Agricultural University, Qingdao 266109, China
2. Collaborative Innovation Center for Shandong’s Main Crop Production Equipment and Mechanization, Qingdao 266109, China)

Abstract; Aiming to address the challenges of poor soil clearance, high operational resistance, and
elevated damage rates in ginger harvesting machines, the design and development of a shovel-screen
combined ginger excavation and soil clearance device was introduced. The device primarily consisted of a
digging shovel and a soil-shaking screen. Theoretical analysis and simulated experiments were conducted
on the ginger excavation and soil clearance device, leading to the preliminary determination of a shovel
face angle of 18°, a shovel face length of 160 mm, and a swinging frequency of 4 Hz. Field experiments
on the ginger harvester were carried out based on the Box — Behnken experimental design principle, with
forward speed, shaking screen swing amplitude, and shaking screen swing frequency as experimental
factors, and ginger soil content and damage rate as experimental indicators. Variance analysis was
performed on the experimental results, and regression models between ginger soil content, damage rate,
and significant factors were established. The optimization of the regression model’s objective function
yielded the optimal parameter combination as follows: forward speed of 0.39 m/s, swing amplitude of
30°, and swing frequency of 3.901 Hz, resulting in a predicted ginger soil content of 9.85% and a
damage rate of 1.79% . Field validation experiments demonstrated that the average ginger soil content
harvested by the ginger excavation and soil clearance device was 10.31% , with an average damage rate
of 1.86% , both showing relative errors of less than 5% compared with the model’s predictions.

Compared with the original ginger excavation and soil clearance device, the average ginger soil content
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harvested by the device was decreased by 2.39 percentage points, and the average damage rate was

decreased by 1.38 percentage points. The operational resistance of the ginger excavation and soil

clearance device was approximately 1240 N, representing a reduction of about 11.43% compared with

that of the original device.

Key words: ginger harvester; combined shovel-screen; discrete element method; excavation and soil

clearance device
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Fig. 1  Overall composition diagram of combined

shovel-screen ginger harvester
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Fig.2 Structural diagram of ginger excavation and

soil removal device
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Fig.3  Stress analysis of ginger digging shovel
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Tab.1 Digging shovel parameters
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Fig.4 Simple diagram of movement of soil shaker

and screen mechanism
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Fig.5 Simulation model of ginger soil ridge
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Fig. 6 Comparison of soil disturbance by various digging shovels

FH EDEM J5 &b ¥ 5t 1 B3 72 v 32 38 57 B
ZWAZ YR B 7 B, PR s 3 A Origin 24 v il
WAZHERL Sy i<, i 7.8 B, &7 ar, K F
101 £ 20° 55 22° )58 42 9 47 1 1 3 A B Bz 20 1Y
AT 1) BH T B D2 4 s O — 2B T K F 5 £
16° 5 18° (9 {1k BEL42 418 4™ BT 32 1 115 i 75 1) BHL g #5 B
BNFIRFZ 857 BT 52 B R F1 . 1B 8 S AIKBHAZ 3 4~
FE A5 FLak AR v BT A2 B0 4% D5 1) S BH ), WL AT K
S AR 18 © IR B 42 4 57 T 52 S BH 3 /N T 20° (9 fi%
BEL422 4 5™ , i BEL 1 7k R DO 428 40 7 Wiy 3 BT 5 1) 2 3R
AR o R, E PR T {1 BEL 42 4 47 AR BEL 44 B 1 ] B, DA
R AR AR 22 AR AL BB FE 14 £ 2 ok 3% BOK P i £/ 182,
XoF I A T BE 160 mm E Sk K BH 4% 48 5 09 25 1

5001
4001 (w&,fwlvg'ix
z
g 300+ 3
5 ¥
= 200f —e— 16° 5L
e —e— 181
—4—20°{IGBH "
100F —v—22°{IG 5"
AL
0 05 10 15 20 25
fifE] /s

7T AEARK By AR A £
Fig.7 Excavation horizontal resistance variation curves
3.2 EREFIEEMERE
R A 42 4 47 07 EL 1k 90 &5 2R 1 BOK -t f 18° 1Y
FEHRG™ B A 2 A 47 98 57 0 LA A 5 B O 7 AR
RVLH A A 548 R s AR E 1Y ) 4 0 43

600 - —=— 16°
—e— 18°
—a— 20°

—— 22
450 b /

BIZHREE /N
S
ISR TI/N

8 38 8

450

\ \ \ . .
12 14 16 18 20
/s

.

0 0.5 1.0 15 2.0 25
I i) /s

P8 M BH 4% £ 4 b BH A5 £k il 2

Fig. 8 Excavation total resistance variation curves
BIEE I 3 ~5 Hz, %85 3.4 .5 Hz iX 3 Fp Bl 40
PRSI R N F AR R R T R R B O
s, ARG A 32U 3kAL 0.5 ~2. 5 km/h Y i F
A 22 250 ~ 300 mm (R IR, A 22 R T
3 DL 0.50 m/s X R FE AR, A BN
300 mm , & FEREAE T5 ) L [F] — ) 220 22 2B B A rh L
) TR A 5 42 1 3 e i A 22 28 b SR SURE P 3l R
G O, #5428 0 % B0 LU RCR AL 9 FR .

HR A 42 M0 0 1 2% B AL S Y 22 28 - X L UR
BRI R, S A2 48 0 T B AR S 3 3 He B, -1
PSR RICR 25, - B 45 ™ 5, 1 1 U 3 ) 1
(2N ) N A N A R S T e o Y & R 3 B
4 Hz I, TIP3 R B0, 22 B &2 TR AR 1
A A A, - B ASURE T B0 RS B R U Bl Rl AR,
A UKL S I 4R SR Sy 5 Hz I, 3P sh 2Ok
U, 22284 2 - SN TRORE B2 T A, 4 S RSURE Ui Bl o
PR, - EAURL R, TR R A E IR, LA R
AR ZIZHE A E 0 R SR 4 Hz I



314 g W Bl W 2025 4
i%%*“ﬂﬁzﬂ
2 12
.1 .69
1227
0.85
042
SR S0 A
/=3 Hz f=4 He /=5 Hz
9 NIRRT $2 40 1 2 T ELACR A T
Fig.9 Comparison of simulation effect of excavation clearing device at different frequencies
PP ROCR etz o *3 HEXREZHD
Tab.3 Field test factors codes
4 HiEt s i3
‘ R (mes ) REREE/(C) SRR/ MY
4.1 REHEH -1 0.3 20 3
2023 4F 10 H 78 11K 4 e P i R o A AR 22 A 0 0.5 25 4
LM 57 0 2 5 A W AR LA AT T ), o — ! 0-7 30 5
%
DAL TAZ R LRI ZE RRIER e kg 25 Wi gh A B

KB R, LG KR 21.83% , A 3= Fh
J % R #E, ZEHE 800 mm, 28 i 320 mm, Bk FH 2
200 mm, #5800 ~ 1 000 mm, #2 48 57 #2 48 1K B Ny
260 mm,

AL A% 5 B A AL G 57 0 4 A =X AR R ORI
USB3100N % 4fa R4 .5V Fa & v U L H BB 22 =X
T NN S AN NN/ 710 NN 52 N A = £ TR 7 o
g 10 s,

(a) SHE (o) BB LR
10 HH (] 5
Fig. 10  Field experiment

4.2 HBEAR

ARG SCHR (31 =32 ], LA HIL Al 2f 2 3 | 2 4 0
R B R S R O IR N R AR R
AP N AN FE AR, KA Box — Behnken i 5
i T 5% 5 2 A 3 A 2 W R PL A TR *E
B i 939 31 45 2R, O Sife A o 2R AR E
B E A R S a3k 3 B .

3 5k I T FE A RSP B TG R 2 R AT

I SRR E , IF S A\ IR ] I i
A ZWORHLF R8T o AR ZCH ML A Ui B 7 22
BEHLEC 40 m i 55 X, HfofE 45 X 10 m, ) 3 IX
20 m, P X 10 m, 3 4 46 A pEAT 3 U, ik
DXL (19 £E 2 AT 3 AR MR A5 R B S5, B
3 UGS FRME . AR R R A

M-M
T, = x100% (8)

Krp T—HLEF LK, %
M—U kA 2 B, g
M——% 15 Tk % it g

AR R AL
TS=%><100% (9)

K T—HZRHGHE, %
B RS
N——§ 3 A 32 B bk
4.3 RBER5H5H
SEPEAT 17 AR, g S H T
W BRI A R £ 4 iR, A B.C WK
ST
4.3.1 JFEHHT
AR 4 17 4 H [5G 45 5, 12 F Design-
Expert S8 A0 T80 @ ar AR 2 8 LR Y, B R Y,
XML A SRS IRIE B AESIRR C
EATENEUEL TN




55 BT S P AL A U R WOGRILR T 5 K5 315
x4 HERBETSER WIS T 2=k 5 fin, B2 E L8N
Tab.4 Field test design and results 2R B T AR P (/N TF 0. 01 , 2200 (A1 09 i 70 4
o % EEEE T 3 5 e 3 SR 0 o 1 ) DR S BT P4
A B c Y,/ % Y,/ % v \ . et
1 ; 1 — 7”1 - 92” KT 0. 05, 1 B AR Y 2 S04k R B 3, Il DA R LA
3 -1 -1 0 10.95 1.89 A 3 A~ R 2R A 2 = R 52 e B R #) /N
4 0 0 0 10.63 2.04 MR AR Sl e 1 2 iR B A R 5 PR R X
5 -1 1 0 9.52 2.13 ) . o = s
. o o 0 .13 | o6 HE 7 B 5 T R BN UK R £ Sl R
7 1 0 1 10. 62 5.66 T IEBhiEE
8 -1 0 1 10. 54 3.70 4.3.2 A AT
9 -1 0 -1 12.51 2.04 ) "
o . 1 1 oo 1 0 R A= 22 5 T R A A 28 0 [ )3 85 R 53 B 45
" 0 0 10.23 1 96 R FIH Origin B4 22 il 52 ) 5k 25 DX 3R 04 38 BLALNE
12 0 0 0 10.28 2.00 M 17 i TR (P 11.12)
B0 ar s a0 L, 4 50 R R G AL
14 1 1 0 10. 31 3.85 ~ _
s X » 0 1L 3s . AEE e s SRR STIE TSNS spN I e
16 0 ~1 1 10. 46 3.85 H LTS R R R AR R T A 2%
17 0 0 0 9.83 2.08 B R A 1 B R OR SRR R BRI S T AR
w5 FEHW
Tab.5 Analysis of variance
) HERY, iR Y,
E-S.3
SR A B ¥ 75 F P 7 H H B ¥r F P
i 21.15 9 2.35 30.24  <0.0001*  20.62 9 2.29 627.45  <0.0001"
A 0.3570 1 0.3570 4.60 0.069 3 6.52 1 6.52 1784.87 <0.0001*
B 2.02 1 2.02 26.00  0.0014*  0.0231 1 0.023 1 6.33 0.0400*
c 10. 51 1 10. 51 13530 <0.0001"  7.05 1 7.05 1931.13  <0.000 1 **
AB 0.0380 1 0.0380 0.4894 0.5067 0.006 4 1 0. 006 4 1.75 0.227 1
AC 0.0289 1 0.028 9 0.3720 0.5612 0.0225 1 0.0225 6.16 0.0421"
BC 0.648 0 1 0.648 0 8.34 0.0235* 0. 000 2 1 0. 000 2 0.061 6 0.8111
A2 0.073 9 1 0.0739 0.9515 0.3618 3.28 1 3.28 897.72  <0.000 1"
B? 0.136 4 1 0.136 4 1.76 0.226 7 0.001 6 1 0.001 6 0.4499 0.5239
c? 7.09 1 7.09 91.24  <0.0001* 3.30 1 3.30 902.82  <0.0001*
k9= 0.543 8 7 0.0777 0.0256 7 0.003 7
% 5 0.2118 3 0.070 6 0.8507 0.5343 0.0147 3 0.004 9 1.80 0.2869
s 0.3320 4 0.083 0 0.0109 4 0.002 7
Pyl 21.69 16 20. 64 16

T RORFE I L (0. 01 <P<0.05) 5 #x &

Kl 11
Fig. 11

20.05.0

13 20y W R A3 Sl A4 X8 5 b &5 ) 14 1 3. TR

Response surface of interaction effect between

IR

swing amplitude and swing frequency on soil content

Mtk B3 (P <0.01),

FE , HAR SR, 12 B0 B AR 22 B R R
N

H P& 12 )AL 7R F R A AR E AT,
EE XGRS e IE S N Sl SN
LT RS R R A BE O R R R R
A R K e MR R R S KR T, L
FE DN CTIE RS ORAEE =X R RN E N o =y
- A ity i MRS Py, RUAR S A 240 4 He, i i R
JEZ)74 0. 45 m/s B Sy f5e/ME
4.3.3 Rl %iL

Mg J7 22 53 Bt F e L7 T80 43 Ar 235 21, ) 63 (] 0 A
BRI B 00, e A 22 5 38 Y, MR 244



316 & ok L

4

e

i 20254

P12 SRl AR M A o 453 475 5 5 i 14 ) i T
Fig. 12 Response surface of interaction effect between

swing frequency and forward speed on damage rate

Y, (1) ] T 55 7Y
Y, =10.22 +0.211 34 -0.502 5B - 1. 15C +
0.402 5BC +1.3C* (10)
Y, =2.01 +0.902 54 +0. 053 8B +0. 938 8C +
0.075AC +0. 882 24° +0. 884 8C” (11)
Z MR LR WOR AR E B AR 2R 85 Gk %
WCAR AL %) 52 R BB RN A Al 2 %, 6 8 0 fb A 7Y
(1) H A R BRI 2 o 251
minY, (4,B,C)
minY, (A,B,C)
st —1<A<1 (12)
-1<B<I
-1<c<l1
iz ] Design-Expert K15 B A 2 804 4« AT
HE 0.39 m/s (EBhIEE 30° = 3.901 Hz, 1 it
BERY T A A= 22 % R 9.85% , A Lt h
1.79% ,
4.4 HiE Xtk
XoF SR A %) T 2 B > K Oy 0. 4 m/s , MR 4 B
B 5 1 S BN A ARG 2 R A RS R
+ A B AT ) RS, e 2 T 3 IR
WER LSBT B A 42 48 0 %6 B AR RBOR X 1
IR EE R % 6 s,
*6 HiExiXBER

Tab.6 Field comparative test results %
[ AL VTES TR SR ITES
1 9.97 1.85 12. 68 3.85
2 10. 64 1.92 13. 17 3.70
3 10. 31 1.82 12.26 2.17
X 56 Y E 10. 31 1.86 12.70 3.24
L 50 9.85 1.79
AR R 22 4.46 3.76

KT PC i 1 45 R0 R B R, WA 4 T A2

B LA R R A A T AR A R AR S Rl
20 A SR A% i BE T R I B A D A IR BE D B o R R
AR AR 5 DA A 2 A
RH Jy il £ 647 % FE, A&l 13 FIrs o

1500

1200+
=
o 900
=
AN
% 600
= — ke
00 — A E
0 0.5 1.0 L5 2.0 25

[t /s
Bl 13 i A 4 L g 7 Akl 2k
Fig. 13 Forward resistance variation curves

H 2% 6 A, 570 4 G 20 A ZWORPLAY R 22
- RN A5 6 56 - 249 A A 7R T 0 A ) AR 1R 2%
BUNT 5% U6 BRI E R A 5 01k 2 g %
A R BEAR S i 21 A XA 22K PR A 22 5 R A
i, B AR IS T e RN R R A e
R X Ll 50 45 SR 3¢ B, 78 A ) A 38 A R ALV S 880
T HAE RIS R T R R A R
Bk 10.31% F1 1. 86% , Ji A= 22 42 i 1 + 3¢ & 19 °F
g A R R )l 12.70% F13.24% . Ak
ZAZE T LA 0TI R A AR %
BEREAR2.39 AN E S s P B R BEAR 138 N
Oy —E R E R AR E T A 2R 1R L T
R BOR .

HY &L 13 A] T AR 2242 48 T 2 0 A 4 A
FHL 1249 1240 N, Ji A= 242 40 0 28 58 i i B )
295 1400 N, Bk 2242 08 4% B 1Y nr k2 48 B )
AL D A 2242 00 T 4 EREAIL 11.43% , R AR H
BT BT A SR e B SRR
UIXIER

5 #ig

(1) B A Z2UCR AL RO 22 AR BH K
P05 3R 55 v B MR, BT T — O 2H A 2 AR 220
Lo i B oy B BV BT B, W) 2D e A 2
FEE 0 e E BT o A o 180 B K E N
160 mm $} 4 G 2 S A 4 Ha AR 8CR S f
BUE 7 AR A7 RN R E AR RE A AT AT, A
TR SRR A

(2) % 1] Box — Behnken i 56 5 3 %f 57 i 2 &
A WAL AT A5, X 3 30 &5 2R R A7 7 22
M SR R LR RS & B E R R Z
AR Il DA Y 3 i o I T 0 A, 5 Hh T R LD O



%5 1

OB A% 0 A A U R UWORPL BT 55

317

JE A0 R S R A 0 43R SR SO A A
X DA 5 s A 52 o RS

(3) % [l JE A B 1 H b R BCE A7 5K i, 15 i
S HALE BT ZEEE 0. 39 m/s 2} £ 97 122 5l i
J& 30° ) 4 G 22 3 R 3,901 Hz,  HH [H] 56 3iE i 56
LURRW] R LT LA E RS 1RO 10.31% ,

R 1. 86% , 55 7Y FT I AFL =2 [ A AH X 3 22 2
INT 5% 5 B F AT NG R B R AR
R EEAR T 239 A1 2 S 138 AN o s 2R
LAZIRTE LA E R AE LB S 200 1240 N, B A 2
PR 2 B ARl B T R AIR 11 43% W A2 TR
LR K

(in

et al. Design and experiment of 4UL — 2 potato combine harvester with bagging and

Development of quantitatively-laying and self-propelled green onion combine

Design and experiment of intelligent monitor system for carrot combine

2 £ X B

(1] R, ZRok. REAZ IR ERGHT]. hEBES, 2021(8) : 4.

[2] R, BHE,ZON. HAEZAEPHRSRASRAIT]. LR Z, 2019(10) : 141 - 150.

WU Man, ZHAO Banghong, ZONG Yixiang. Analysis of world ginger production layout and trade pattern [ J]. Northern
Horticulture, 2019(10) : 141 - 150. (in Chinese)

[3]  skocMe. AR B 22 A bn i L X 0 A SO AE 40 22 P9 [ D] dbat: rh RO R B, 2019.

ZHANG Wenhuan. Comparative analysis of ginger quality safety standards and difference study on characteristic components
[D]. Beijing: Chinese Academy of Agricultural Sciences, 2019. (in Chinese)
(4] T BRI, BRIKSE. BRI R SCAEY Iy AR R 53R [T ] T ER B4R, 2021, 42(9) : 96 - 106.
XIE Zhiping, LANG Yancheng, CHEN Luqi. A review of research on biomechanical properties of spheroid fruits[ J]. Journal of
Chinese Agricultural Mechanization, 2021, 42(9): 96 —106. (in Chinese)

[5] #ER, &8 0ER,F RENgRDRERS BN SRKET]. RPUFHA, 2023, 54(10) : 92 - 104.
WEI Zhongcai, HAN Meng, SU Guoliang, et al. Design and experiment of a bagging and unloading potato combine harvester
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(10) : 92 — 104. (in Chinese)

[6] FukZ, WHM, ZEMW, %, K ILX A ERX DR ERG BRI 5@ el [ T]. Rl U=, 2023, 54 (3% T
2). 10 -19.
WANG Fa’an,CAO Qinzhou, Ll Yanbin, et al. Design and trafficability experiment of self-propelled potato harvester in hilly and
mountainous areas[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 ( Supp.2): 10 - 19.
Chinese)

(7] BER,&$E,HER, % 4UL-2 BESEMaK GBI 58], Rl AL, 2023,54(10) 192 - 104.
WEI Zhongcai, HAN Meng,SU Guoliang,
unloading[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023 ,54(10) :92 —104. (in Chinese)

(8] hnak,Brze, 4 K4, 5. A EX RS BORILPFR [T]. ol T2, 2020, 36(7) : 22 -33.
HOU Jialin, CHEN Yanyu, LI Yuhua, et al.
harvesters[ J]. Transactions of the CSAE, 2020, 36(7) : 22 —33. (in Chinese)

(9] WkAJy, b Ak, EIEM, 5. SETHRNIZI 5 /1M 40 - 90 BFZF W R L 5K [T]. &k TR, 2023,
13(8): 100 - 106.
YAO Zili,YANG Zidong, WANG Hansong, et al. Design and test of 4U — 90 type sweet potato harvester based on vibration
excavation and secondary sorting[ J]. Agricultural Engineering, 2023, 13(8): 100 —106. (in Chinese)

[10]  Ear,mlEH, £, 5. #E MRS URPVE R IEE R 5 [ T]. RL AU, 2022, 53(6) : 118 - 128.
WANG Qi, GAO Pengxiang, WANG Jinwu, et al.
harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(6): 118 - 128. (in Chinese)

[11] ERTL T,TREIBER M,BERNHARDT H. Ginger production in Europe and Asia—a comparison of cultivation methods[]J].
Actual Tasks on Agricultural Engineering, 2021(3) : 201 -207.

[12]  Zedets Bhok, 5kA6iE 5. 4GI1 AR WERHLMTFSI[)]. Aol 264 5 74 T/, 2009(2) : 39 - 40.

LI Weihua,ZHONG Bo,ZHANG Weihai, et al. Development of 4GJ1 ginger harvester[ J]. Agricultural Equipment & Vehicle
Engineering, 2009(2) : 39 —40. (in Chinese)
137 WARHR, B, TH. A ZUOGRPLI S R[], B TR, 2021, 37(12) : 53 -55.

[14]  XUafh, R, IR, % £ AHNREENIERIT RIZs 0[], RIMEBETE, 2015, 37(5) : 101 - 104.
LIU Jianwei, LIANG Huiping, LI Jiuyu, et al. Mechanism design and kinematics analysis of automatic harvesting device for
ginger[ J]. Journal of Agricultural Mechanization Research, 2015, 37(5): 101 —104. (in Chinese)

[15] ZR@RAR, BRI, ZBHEW, %, FERB AN T IR EZEy O ERESEES T SIKIIT]. Rk T4, 2023,
39(20):1-9.

LI Junwei, GU Tianlong, L1 Xiangyu, et al. Analysis and experiment of the bionic drag reduction characteristics of potato
digging shovels on clayey black soil conditions[ J]. Transactions of the CSAE, 2023, 39(20): 1 -9. (in Chinese)

[16] #E. FETEEUCEN SR EZMILEIE KO A5 5t (D], SR Al K%, 2020.

FAN Yu. Research on potato digging mechanism based on discrete element method and design of bionic shovel[ D]. Shenyang:



318 fe Ak B M ¥ R 20254
Shenyang Agricultural University, 2020. (in Chinese)

[17]  F#. REWENIZIER BN OCHEARPFR[D]. & F BT R, 2019,

WANG Chao. Research on key technology of digging device of leek harvester [ D ]. Qingdao: Qingdao University of
Technology, 2019. (in Chinese)

(18] W/R-JGHE AT BHEMA S| L 8eah i M ], dbat. o E R ALK pi it , 1983,

[19] BER,FER, 20,5, BT EH0Tm DR B WP B IRIE & m 280k 58 0T]. Rl U2, 2020,
51(10): 109 -122.

WEI Zhongeai,SU Guoliang, LI Xueqiang, et al. Parameter optimization and test of potato harvester wavy sieve based on EDEM
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(10) : 109 — 122. (in Chinese)

[20] Zat[ PR, BAOG, %, BT EEUTEN DR BRI s sh e (1], RPUERFSE, 2020, 42(1): 19 -24.
MENG Jianguo,LI Yuehuan, WANG Chunguang, et al. Kinetic characteristic research of potato on the swing screen based on
discrete element method[ J]. Journal of Agricultural Mechanization Research, 2020, 42(1): 19 —=24. (in Chinese)

(217 JR7E, 5K, HOMENE %, Bl pd i A= BT F - Mo S BOoR[T]. KRILE3E, 2024(5) : 23 -25.

SU Jun,ZHANG Hui, TIAN Yaohui, et al. High quality, high yield and high efficiency cultivation techniques of ginger in
Longnan City[ J]. Journal of Changjiang Vegetables, 2024 (5) : 23 =25. (in Chinese)

[22] ZHANG S,ZHAO H,WANG X, et al. Discrete element modeling and shear properties of the maize stubble-soil complex[ J].
Computers and Electronics in Agriculture, 2023, 204 107519.

[23] AIKINS K A, UCGUL M, BARR J B, et al. Determination of discrete element model parameters for a cohesive soil and
validation through narrow point opener performance analysis[ J]. Soil and Tillage Research, 2021, 213, 105123.

[24] MUDARISOV S,FARKHUTDINOV I, KHAMALETDINOV R, et al. Evaluation of the significance of the contact model particle
parameters in the modelling of wet soils by the discrete element method[ J]. Soil and Tillage Research, 2022, 215. 105228.

[25] WU Z, WANG X, LIU D, et al. Calibration of discrete element parameters and experimental verification for modelling
subsurface soils[ J]. Biosystems Engineering, 2021, 212, 215 -227.

[26] SHAIKH S A,LI Y,MA Z, et al. Discrete element method (DEM) simulation of single grouser shoe-soil interaction at varied
moisture contents[ J]. Computers and Electronics in Agriculture, 2021, 191; 106538.

[27] TAMAS K,BERNON L. Role of particle shape and plant roots in the discrete element model of soil-sweep interaction[ J].
Biosystems Engineering, 2021, 211: 77 - 96.

[28] bk, RET,ZEEEL, 5. FIHA G RAZHE L gk &t 5l 1] £l T2, 2021, 37(18) : 29 -39.

HOU Jialin,CHEN Yanyu,Ll Yuhua, et al. Design and experiment of shovel-screen combined green onion digging, shaking,
and soil tillage device[ J]. Transactions of the CSAE, 2021, 37(18): 29 —=39. (in Chinese)

[290] ZiEW. AEXNKABEG BN SIRE[D]. RBL IR R K, 2022.

LI Zhenghao. Design and experiment of self-propelled green onion combine harvester [ D]. Taian: Shandong Agricultural
University, 2022. (in Chinese)

[30] BRET. @rdi AENRAB S BRI SR D], F KRk R, 2021.

CHEN Yanyu. Research and experiment of quantitatively-laying and self-propelled green onion combine harvester[ D ]. Taian:
Shandong Agricultural University, 2021. (in Chinese)

[31] T/NJ1110—2018 HER KA UIRHL[S]. 2018.

[32] DB37/T 2878.1—2016 KA HLLS].2016.

[33] pe@al, ok, I m RTS8 HE T [ M]. Bt KR i, 2018.



