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Optimization and Experiment of Ginger Digging-clamping-pulling Device
Based on EDEM — RecurDyn
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Abstract: Aiming to address issues such as insufficient soil loosening and root-stem accumulation during
ginger harvesting using combine harvesters, a collaborative harvesting system was developed. The system
configuration and operational mechanisms were thoroughly analyzed, with coordinated optimization
implemented for motion parameters, load distribution, geometric characteristics, and spatial relationships
of core components. Utilizing the EDEM — RecurDyn coupled simulation algorithm, an interactive model
integrating ginger plants, soil, and harvesting equipment was established to identify key factors affecting
harvest quality. Macro-micro multi-scale simulations revealed dynamic coupling patterns among ginger
plants, soil media, and harvesting devices. Experimental parameters included harvesting speed,
excavation blade vibration frequency, and the ratio of excavation blade inclination angle to clamping
device angle. Soil cohesion failure threshold and ginger-soil adhesion rate served as evaluation metrics,
with a three-factor orthogonal rotation experimental design employed. Optimized parameters yielded as
follows: 0.33 m/s of forward speed, 5.4 Hz of soil vibration frequency, and a 0.96 ratio between

excavation blade and clamping device angles. These conditions resulted in 95 223 Bond fracture events
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between soil particles, 9. 93% ginger-soil adhesion rate, and optimal harvesting performance. Field trials

confirmed the enhanced efficiency of the optimized system, with measured data closely matching

regression model predictions. The synergistic interaction between the optimized vibratory separation unit

and clamping mechanism ensured effective soil fragmentation and orderly material transport.

Key words: ginger combine harvester; digging-clamping-pulling device; EDEM — RecurDyn
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Fig. 1  Structure diagram of ginger digging-

clamping-pulling device
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Fig.3 Force diagram of excavating shovel and

vibrating screen
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Tab.4 Experimental program and results

. SES Bond 4ty 24 i} £ %
Yy, X, X,  HEY/A& YV,/%
1 0 0 95905 9.93
2 1 0 -1 77452 11.13
3 0 0 0 99 966 10. 35
4 0 0 0 96 363 9.46
5 1 1 0 70816 11.63
6 0 -1 1 71 646 13.23
7 -1 0 -1 75907 11.52
8 0 0 0 93133 10. 05
9 0 1 1 88 282 11.28
10 0 1 -1 82 509 10. 54
1 -1 0 1 79 420 11.62
12 1 -1 0 65 528 14.13
13 -1 -1 0 64 453 13.71
14 0 0 0 99 437 9.83
15 1 0 1 79 331 12. 54
16 -1 1 0 79 855 11.95
17 0 -1 -1 70 099 13.51

B FH B A A 22 Fh A DX & e R R AT, il
WOA BLAE 22 LA RIS 3 R 22 R AT, AR 4l T 1) 52 B 2
7 Qe B s A 1 U I BRI A AT 12
R e PR, BEAT 2 CE K 0, 1K 5 45 R B0CF
HME
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XP iy 3 B R 5 R R bR RS Ak B R
Design-Expert 13 #1722 o2& P [0 9 7 F2 & DA )
J7 2538, 3R 5 #EAT 8105 75 B 77 2% 43 AT T, Bond
TR B R [ SRR A B Y P <0.000 1,
BRI 8 2, [0 )RS A 2 JU5 P > 0. 05, 2R JULT0A Bt

0.976 8 1 0.981 3, KW [l BRI 5 B 5y . L BR
VN TE AR SN T E R )
Y, =96 960. 80 —813. 50X, +6 217. 00X, + 1 589. 00X, —
13452, 15X; —13 345.65X; -5481. 15X;  (9)
Y, =9.92+0.078 8X, —1. 15X, +0.246 2X, +

% ,Bond Bk 24 80E 5+ R RBCR BN 1.25X% +1.68X2 +0. 531 7X> (10)
RS FHESMW
Tab.5 ANOVA
S ilﬁ Bond # W 24 1w § B 4= 2%
05 A 1 F R ¥or F P 5 A R ¥or F P
LR 2.17 x 10° 9 2.41 x10° 32.68 <0.000 1 33.41 9 3.71 40. 8 <0.000 1
X, 5.29 x 10° 1 5.29 x 10° 0.718 6 0.424 6 0.049 6 1 0.0496  0.5453  0.4843
X, 3.09 x 10° 1 3.09 x 10° 41.97 0. 000 3 10. 53 1 10. 53 115.78  <0.000 1
X, 2.02 x 107 1 2.02 x 107 2.74 0.1417 0.485 1 1 0.485 1 5.33 0.0543
X, X, 2.56 x 107 1 2.56 x 107 3.47 0. 1047 0.1369 1 0.1369 1.5 0.2596
X Xy 6.68 x 10° 1 6.68 x 10° 0. 090 6 0.7722 0. 429 1 0. 429 4.72 0.066 5
X, X3 4.47 x10° 1 4.47 x10° 0. 606 0.4618 0.260 1 1 0.260 1 2.86 0.1347
xXi 7.62 x 10* 1 7.62 x10° 103. 42 <0.000 1 6. 54 1 6. 54 71.93 <0.000 1
X3 7.50 x10° 1 7.50 x 10* 101.79 <0.000 1 11.94 1 11.94 131.27  <0.000 1
X3 1.27 x10° 1 1.27 x10* 17.17 0.004 3 1.19 1 1.19 13.09 0.008 5
5k 2% 5.16 x 107 7 7.37 x 10° 0.6369 7 0.091
KA 2.03 x 107 3 6.76 x 10° 0.8645 0.528 8 0.215 4 3 0.0718  0.6813  0.608 1
R 3.13 x107 4 7.82 x 10° 0.4215 4 0.1054
sl 2.22 x10° 16 34.05 16

4.2 SEHMRNK

Shy e K AK A B % (Bond B B B ) IR
AN 3 % LL R R R T 2 B AR, A H]
Design-Expert 13 H Optimization 45 g 478 56 K &
PEAl 156 R A0 H AR s B 20 o 55 1
maxY, (X,,X,,X;)
minY, (X, ,X,,X,)
s.t., - 1=X =1 (11)

-1<X,<1

-1<X, <l

SRS IS B A AT 0.33 m/s |
TR B AR 5.4 He 428 47 5 Je ke B A L
0.96, fEMSESRMN T, f5 Hid & 5] 95 223 Ik 1 3%
SURL [RDRG 45 i i, 3% B0+ B iR R

Sk B UE 425 5K e 4k ke B I TAES Bl &L U
JUUz R AR 222 B o R M S AT A K
M4 458 5 K Ry 14.36% ~ 16.03% , + 1 7 i Ky
673 ~763 kPa, P IR & 4 30 ~ 35 mm, £ 25T H
SR R 900 ~ 1 400 mm , 25 He Bl 240 B /&, A 2% i
K0S ~6 tk/mg WOER AR ML B 8], B A AT N
0.33 m/s, HLE I 30 m (% 100 Wik BB 47, 1T 7
A 10 m (s AE 2 B, J5 7 A 10 mo ) a3 I 8 B
R — A28 50 m AT R HIT, WA 3 IKE

2, RAEHEAT T 5 YA . B 12 R OR R AR R M
MY o R BA B A 22 7F £ 38 v 9 23 1) A KR AE
AR5 X H R B4 2R K D i 5 RST T T R S
S I W20 T - R 2 H A, DLk
B bR R 22 2B 5 1), W45 R R 0T, ZHAE £ Y
A KTy 1 5 s Ay HE R A Dy e — 2 DT HE
HEE 0. 33 m/s - IEAR SR 5. 4 Ha SZ 857 00 R} £
5 Je Pk BAMAL 1 Z Ry 0.96, FE 47 H a] 3L 56, #5
o X L =l N B 7 B ot N S v 1
17 22 Pt AR AR L2 B I Rk 4. 9% I+ 3%
H9.93% i A FWOR BB B EOR

B2 R
Fig. 12 Field trial

(1) Beit 7 — Bl FAE Y — - AR B AR AL
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B 0 A 7 1, I 3 AT A T — Ao R 5 5 AR 22
A, W By e ARG e T A A T
B X0 AR SRR 912 S R 2 0 Al (45 28
LS BB AT T RGN BFIEUESE, R FZ Rk
SO RV T 2 e AR i, 3 iR AR

(2) # /] EDEM — RecurDyn #84 {ij 5 J5 ¥k , #
ST AR AR PR B AR R T AT TR
LA LIRS 42 R e RO B A BAE A

R FH PR R WCAR L, A 0 R i T H 3, DAk s 1Y
BEEPEE T R TR

(3) WhoEiE 5 R 50 0 o 2 800 L R H
Box — Behnken &% 714 @ — Yk [l J9 # AY . [ 1] 45 iF
IR R B, Y ALES LA E S 0. 33 m/s |+ HEAR 2 45
R 5.4 Hz 320457 5 Je Rp 2 B 1L 0. 96 1S54l
AAVEML BT, AT 52 B 95 223 Yk 4 48Rk 45 k- HERY
BiER A 9.93% 54 AR BUSCR R AT,
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