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WAL DT RN Z FER B2 IX, e
SRR, PEREAOy AT 2R, WORIIZETE 600 mm,
2B 150~200 mm, ZEFERSFUWIE 1a iR

2022 4 9 AR AA, KIBGRITELIRRE
THERERT. . g%, TERLATESRIRZEON R IR AR
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AR-TIE R B RN B EEHA . LR
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a. Ridge size of multiple taro during harvest

H % & 1A Root-soil composite
b. £ T EMAR -2 A 4

b. Multiple taro plant and root-soil composite
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Fig.1 Ridge and root-soil composite characteristics of
multiple taro
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1. Vibrating excavator 2. Three-point suspension mechanism 3. Grating
type screening device 4. Shaking wheel 5. Frame 6. Rubber curtain

7. Hydraulic motor 8. Hall sensor 9. Centrifugal rotary screen 10. Flexible
finger 11. Collision guide screen 12. Depth limiting wheel
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Fig.2 Schematic diagram of multiple taro harvester structure
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Table 1 Main parameters

2% Parameter ¥l Values
BHURSE (Kx 56> &) /mm 2230%x900x800
[RESHIVANRY =50
BN kg 420
E VI % /mm 900
FEIR IR /mm 0~350
2% T A A /(°) 18
BLEhFANE Mz 2
F B F R ME/mm 30

43 25 B R E A 53/ (r-min ") 180
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i 14 Spring teeth

#f1 ¥, Axle hole

0 [ 3% Center hub

AT i 7 42
- = Spring teeth holder

T o MREEERNBEEMAERE, radss n ABOEEETEE, rmin;
N, NV IR - E A EILRE S, N FONS SR L5 &R IK T,
N: F, WIREEERFTZE 07, N GAREEEERES, N F oMK
MR EE S RRIEL T, N pog, 90 815 5 55 147 /s 222242, mm;
A o NERKFREIBE, mm: y NTEEA, (0): r ARG MU0 EE e
LRSS, mm: p NI, mm.

Note: w is the rotation angular velocity of the taro root-soil composite, rad-s . n
is the rotating speed of the centrifugal rotary screen, r'min"; N; was the support
force of elastic teeth on taro root-soil composite, N; F, is the coriolus force of
elastic teeth on the taro root-soil composite, N; F, is the centrifugal force of the
taro root-soil composite, N; G is the gravity of root-soil composite, N; F} is the
friction force of elastic teeth on taro root-soil composite, N; p,;, is the minimum
radius of curvature of the elastic teeth of the centrifugal rotary screen, mm; d” .
is the maximum elastomer gap, mm; # is the pitch angle, (°); r is the radius of the
centroid position of the taro root-soil composite, mm; p is the curvature radius of
the elastic tooth, mm.

B3 RELZERER S LG A5
Fig.3 Force analysis of root-soil composite on centrifugal
rotary screen
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a. One-dimensional planar screen soil crushing mechanics model
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Position B Position A
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b. Mechanical model of soil crushing with inverted conical screen surface

. L EA
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c. TEHE T 078 I - S ) AR
¢. Mechanical model of soil crushing with positive conical screen surface
e By ONRER SRR LR P, Ny e D93 BRI S KT T
ZWEFAM, () R NEIFERFIE, m.
Note: Fy is the impact force of collision diversion screen on soil, N; a is the
angle between the cross section of the elastic tooth and the horizontal plane, (°);
R is the radius of the rotary screen, m.
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Fig.4 Analysis of the effects of different screen tooth inclination
angles on soil stress
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BEAR =100, AR 1 R AR B IE B Sk I S 0
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CURNFESRAE [ %0 %2142 r, BIBCORAE A 450 mm,
(220 U5 H [e] % 0 A v, 1) BUE i A 93.88
~123.82 r/min.

e Z
X
e e
Rubber curtain TS A \l{ /i ;
H TSR —— e ) Y
Exit deflector 5 7 !
i 4 \" 7/
Grid 0 m \

a. TS AU IO RE R R R T

a. Collision rolling analysis between soil and diversion screen

tH A5

H SRR
Export guide plate

b. KA H IR E R 2 )i

b. Collision force analysis of taro at the exit deflector position

TE: v RIS R RS R, mes™s o NI, m,
Note: v, is the speed of taro after throwing off the rotating sieve teeth, m's '; 7y is
the rotation radius of the taro, m.

B 5 ARLE B ERAELE J) FARA fe iR A2 AT
Fig.5 Collision force model and rollling process analysis of
root-soil composite
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FelktkR
Flexible finger
SCHEAR
Support plate
BRI

Double-headed screw
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d
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a. Flexible finger not stressed| /

i NN,y

/ a
4 ”//, N,
h + Rotary screen

b. RIEIRIET AT c. ZHIR R
b. Flexible finger bending deformation c. Installation schematic diagram
e N OAEAERE AT LR, Ny L ARMEIRIENKEE, m o AR
PARIIEAE, my d NEO PR, m.
Note: N, is the pressure dispersed on the contact surface, N; /; is the length of the
flexible finger, m; 7, is the radius of the flexible finger, m; and d is the diameter
of the centrifugal rotary screen, m.

He6 FMgiMmEoH

Fig.6  Flexible finger structure and installation distribution
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Note: x; is the distance in the x-axis direction after the flexible finger is
deformed, m; J; is the flexible fingertip deflection, m; /;, is the length of the
flexible finger, m; /; is the length of the flexible fingertip after deformation, m;
m is the mass of the root-soil complex, kg; 0 is the deviation angle after collision
of the flexible finger, (°).
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Fig.7 Analysis of collision deformation of flexible fingertips
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CoSa
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25~67.2 mm. RIFEFIERIEEAMKEGRE, KiBEA
HU8. 11, 14+ 17 A1 20 mm B, 58K EE 43 59 R 25,
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3.214, 3.235F13.250, J& K456 e i e stk
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PAZRPEIR SR [ 2 AN R A Oy, IR T A 0 AR BRI
B0y My, ERYER G S0 b, M, 76 B84 05 7 1H
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W Fy NEVERIE S L™ 2 ER 1, No Fyp A5RIG 5 38
HEVERTT, No My, AFRMRIE S LIREAR 15, Nom: My, A5 4
HEHARI I, Nems OB ORI, m.

Note: Fy, is the force generated by the contact between the flexible finger and
the soil, N; Fy, is the force produced by the contact between the elastic teeth and
the soil, N; M, is the moment of contact between the flexible finger and the soil,
N-m; M,, is the moment of contact between elastic teeth and soil, N-m; / is the
arc length of the elastic teeth of the centrifugal rotary screen, m.

B8 FMMIEE @4t LR ) oA
Fig.8 Analysis of force exerted on soil by flexible fingers and
rotary screen tines

FAESRARNS LI IIHE My,

F2x* 3l — x;)°
My, =Fy - A2 +6>=Fy - 2+ T (29)
N1 N1 i i N1 \/ i 36Ei21i2

[ 4% i 80 LA 0 - 3R 1KY J0 R M,
1801
n-m

MN2:FN2' (30)

SRR, ZRPERR TR S IR O g AR - A AR
FRIIBH A5 M, WA 83 n s AR 4y 5, Rk,
FME SRR AT B, NN E S 07 10 S PR O AR -
BT, ZHAIGT,  MAT 25 2% B 5 r ok
B H £4) 80~ 120 mm, R T & & 14K i B % 250~
350 mm, M EAEEE 180~200 mm, 5O L
90~175 mm, Ft, FTHEIED 2 EAE, FEREE
[5G G 35 60 mm, FFRERE R Lk, EERIREE [
EH Y 132.5 mm, HT LR L2 &I 1) 135,

TR F5 22 28 55 BT F i - B RAR - 58 & A )l R
k. AN A SR AT K BN 20 mm, T ERTE
LRAE N 27 A, [HBRREE N 60 mm, FEIKIELHEE
B2 134, [AIBRY 153 mm. R85 -S4k Bl
FII, 2R 0 3FBIE I, NI ELEE N, S~
AREZEILR, Bk, ANDOALBEAZRERIERTE.

4 DEM-MFBD &4 {FEKIE

K H EDEM-RecurDyn #i & 77 £ FF i Bk 56, 1@
it EDEM B Sk B 2 iR R- LI = nIR A Y L
JUHETY, o3 BT - 398 52 Al 4 oo 4 FH S e () ek A s 3@
i RecurDyn B 4 N7 % 2k 0 A2 1 36 48 1 3 7 2
R, 43 B S TR 48 A 28 1 T2 28 Rl F8 b o 36 ) 4 P sz
PRt Bl e, BB IR S RS H
4.1 HERBEN
4.1.1 HREFARB B

DL “SfERE” Z2FF AR, KH SHINING 3D
FEOCREE TR ZE =4 SR, I i 9a Fis;
R R 2 AR S B2 R I ke g, & ISR
RRE, SRR 2, SPEEARECH 72 85 SRA NX12.0
= A 2 B R A AE S Sk B 2K R e L e g v ST E AR 430
14, 1.8 F12.4 mm FRZER, HEHN21. 39 F112 R,

T2 ZFFREECNMKESIHER

Table 2 Multiple taro root diameter and length statistical results

¥ Parameters {H Value i . Proportion/%
<1.7 mm 29.70
R R H4Z Root diameter/mm 1.7~2.2 mm 5470
2.2~2.7 mm 15.60
R <90 mm 48.44
WARKSE
90~176 mm 42.14
Root length/mm
176~240 mm 9.42

2 L BRZE M R = 4R A stl A% 30 5 O\ EDEM,
KR AR 2 mm FIBURE 78 k828, 4278 0.7, 0.9
A 1.2 mm RUR S AIEFAR R, FRATA BRCEERE S,
FEHZEN] MR, HZE-4R R (H] 437 I Hertz Mindlin
with Bonding #2451, [ B g HH 0 HS 45 2112 2 fid
KRB ) E SRS, R A AR I B N R AR 1
1~1.732 f%, BEREFRAIRLELERN 3 mm, RRP
25y W08 0.7+ 0.9 A1 1.2 mm kS 45 242 2> BN 1.05.
1.35 1 1.8 mm, 5ERCE SkHZEAR R B HUTH B 2,
Wik 9b Fizrs.
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ZHERO AR
3-D scanning test
a. PR =S

a. Three-dimensional scanning test of taro tubers

Tk

Taro tuber

]5mm mm

>5 mm 2~5 mm 1~2 mm 0~1 mm I

c. BRI E

c. Soil particle size setting

B9 ZFFMRLE

e — e BHOTAY

Actual taro 3D model Discrete element model

b. B ZE-MR AR BT

b. Discrete element model of taro tuber-root system

d. 2T

d. Taro ridge size

Sk BT AR

Fig.9 Multiple taro root-soil composite discrete element simulation model

Z I GB/T 6003.1-2012 {56 0 5 AR BLR FAG56 )
B A R i w3 S M s YA S s W= VA oy 7 TR K= 1
i (<0.002 mm). kL (0.02~0.002 mm) Flbki (2~
0.02mm) g7 E AN (17.41£1.42) %. (16.82+
2.54) % Ml (65.77£1.63) %, R4 E x4 3 5 3 43 2%,
aﬁ%% WA, fa i, SRR,
AR ﬁj\ﬁﬂjj62\ 3.5, 1.5 1 0.5 mm [ -3k, LA
HRARIZE>5mm, 2~5mm, 1~2mm f 0~1 mm [
+4, WA oc fizn, K Hertz-Mindlin with JKR 4% fit
*ﬁi*ﬁ&/m*ﬁi%%ﬁ*il RIS, WE LRk, -
BB ZEAR AR (A R ALY AN 12.56 A1 18.43 J/m**%, 4]
PRSI R 22 R~ 27 K B8 x5 43 731 900 mmix
600 mmx250 mm fJHR - E G AR B HOTE A, W& 9d Fr
TN, GEEUR LT I R S AR OSSR, sk
2. WA TIEOARMESH . Bl S HAR S S50
F 3. RA4RMES.
=3 MRIARESH

Table 3 Material intrinsic parameters

SH paameters % WA R MW R
= Tuber Root Soil Steel polyurethane
MEY/N=# 0.25 0.30 0.38 0.3 0.28

¥ /(kg'm ™) 1540 1210 2600 7865 1400

PR /MPa 53 0896 75  2.05x10° 2.07x107

x4 EMBEH

Table 4 Contact parameters

2 O P Hebie b RN
Parameters Tuber-tuber  Tuber-steel Tuber-soil Soil-soil  Soil-steel
WE R 0.33 0.58 0.23 0.12 0.28

P R AL 0.76 0.25 0.45 0.39 0.60
R EE R 0.62 0.34 0.29 0.27 0.10
% 5 Bonding 2%
Table 5 Bonding parameters
- 11 ek 2 Rl 2 | |
VLR GERIEE DI 1akG 45 NI EE SRR SR ) PIEL vl
R Normal bond  Tangential Normal critical Tangential
Material stiffness / x10° bond stiffness / 10 critical
3 5 3. stress/x10"" Pa 10
(N'm’) x10”(N-m”) stress/x10"" Pa
E S 90.00 90.00 5.00 5.00
RA-MWR 5.11 5.11 0.50 0.50
HE-R AR 90.63 40.78 5.00 5.00

4.12 % Ry FAEA

Bt 2 IR B B A E O R AR - B E =
PR EAL Y stp 453K, T RecurDyn H 3750 /7%
MR, JUAT 44 kL A Steel, FetE3R 36 B M A B A g,
p=1.4x10kg/m’, FAVERLE N 174~240 MPa, Hihi iR
N 10~50 MPal**!, fi i} Flexible F5 B 2 38 45 147 94
MK 5y, 3 FH DO TR A B e XS, K0 XA 1 Bk 307
FICAEON 1106, 58 M. LFISRE, 4355 H
2% A o 25 B A PE Pk 48 wall X, FFJH RecurDyn 5
EDEM XU AR &4z 11, SEEUEOE A A7k -

a0 B R 10 FoR, 0B Sk ISR R R
TR EHREETIE R BT, REEA RN
FIGFEOIRAS; BEE TN, B8 SR kiam
% f%mﬁfﬁéﬁ* M2 1 h T B T LR
AR, AR O R RR L B B, 2 (A A TR R A
ZEVEIRFEFH AL RAE A, AR A5 ) ) S 90 0
FAEPRFRREAE, 77 A L R RN AR ) A A
V) S0 % Al 48 3 07 () B B, SEBIAR LA Ry 15, 4
ARG 3 WEIR A .
4.2 {FERILIERR

S JRALAR -4 B B PR R, R
BIR 6 M IER Y e

=0T 100% (31)
nm, —nmis
e="4 5 100% (32)
ny,

Kt m, AR EEEERYIGE TR, kg my, NG5G IR
TEEETE, kg my NFERME, kg m, AT
WO IR E, ke m, NTIERVIGRE, ke

iEZ R )G, Bid EDEM 54 S m, Al m,, 1F
MRy B 3G B i B R A, SR I IR I
i m,, RIER (31) ~ (32) 5 6 Ml e, BTG
Sk P, TR SRR E S, F
EHEK, BARTAE S,
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4 Velocity/(m's™)
1.00e+00

8.00e—01
6.00e—01
4.00e—01

2.00e—01

0

a E AT K

a. Simulation experiment of taro harvesting process

A 10 EDEM-RecurDyn #3417 A i 42
Fig.10 EDEM-RecurDyn coupling simulation process

43 BERAERRE

Rt — B ARAEE 3 TSR B A T O e
AR, DR B3 5. LA 7026 ¢ FEk
il b 71 F iR SfEbs, PR BRI, SEy
5s, EDEM HEBEK A 10, RecurDyn HfEREKA 107 s,
43.1 HEMA

MRAE 3.1.3 kB AR EE 2T 11.7°~20.8°, DA
[b] 3% 0 #8110 v/miny FYEIRIBKAR L 3.214, L IEMR
NREE 0.25 m/s B AR, F3 B #0500 A8 43 0l oA 120,
14°. 16°. 18°F1 20°Ht %} o ¢ Il F {5Emy, 4540k 11a

Bt 4

2K+ Soil vector [

M
Velocity/(m's™) |
2.00e+00 * et
1.60e+00 BPIRE REIRA IR
1.20e+00 Equilibrium state ~ Instability state Soil breaking

8.00e-01
4.00e-01 |
0

Tl FROIR A
Collision roll state

b, RS RS2

b. State changes of taro root-soil composite

RS S

Soil separation

A 11de S #rar A, BEAE 5 A BUA A3, AR R
AN LI o AR AR R Se G KRN S, kAR
FIPAESCS: RPN LB

OIMT LR, A B R U BE 5 A ROE KR
T RE s i 73 T AR R AR - 7 2 R 3080 73 3 1 K
HFA DA K, AR G e 5 T _E R Sl R
FE i T _E 45 B PR IS TR S 4 e, 33 By Ao A (] 4wt
(C N e o e SO S (D51 NP -3 R 21 B
i R Y e, RS b o ORIk, DR ARIE 6 A
e BIGCK, FAASKUN, SR Iiiey 14°~182,

£ g g

5 906 0 o 598 0 < 3 S

g s B o g p
5 £ 90.0 85 peg 24 ¢ 892 5 gs =
=2 Kw HE Sw TF ]
KE 88 €S KE9LO ggEE Rg £
+H 5894 ®E g e Hy 8
o -0 8778 B 896 g7 g =z 2

Zgsgy T° 72 R £

g 86 S 882 86 3 88.0

£ 12 14 16 18 20 € 90 100 110 120 130 £ 3120 316 320 324

SR UA 1] e i e KAzt

Spring tooth inclination angle/(°)

a. YA R Sl 5

a. Effect of spring tooth inclination angle on d and &

<
Y
z 2 Z
5 0 & 05
8 18 o & g
=35 100 Fg 2o
Hy 75 16 88 #3540
2 50 4 N8 EE
EE 25 2S5 i £ 200
2g 1§ #g
2 0 123 4 5 > Z 0 1 2 3
3 fif ] Time/s g e fif i) Time/s
o} & ©

d. SRR FIT 5

d. Effect of spring tooth inclination angle on

A 11
Fig.11

432 wiimiEik

T SC 43 M7 18] 46 0 4633 93.88~123.82 r/min, DL 1
Wil 16°, FMEIRFEKARL 3.214. HIEME N HEE 0.25 m/s
JolE e AH, 5 AT Bl 0 T 43 5 2 90 100 110+ 120
H1 130 t/min B3 6. ¢ 1 F 520, 5B a0 11b M1 11e
B SrMrl N, BEE TR R G0, o F e 3 28

Rotary screen speed/(r'min ')

b. [ i e TS AN e 1152 1R

b. Effect of rotary screen speed on ¢ and &

4

¢. [AFE TR E S FIRISE )

e. Effect of rotary screen speed on F'

BRI R

Single factor experiment result

Length-to-diameter ratio

. FHEIRIGRAT LR oM 15208

c. Effect of length-to-diameter ratio on J and &

O\
: <
30§ 0=
120 & B
1o &g b .
\X@ ,&’ +E Q ,
e ;
100 é{}'ﬁ EE 3
90 Es g
T8 c I ] Time/ 3
M [H.
%O 8 1me/s

£, RIS KAR LER FIF 520

f. Effect of length-to-diameter ratio on /'

W OKR B, FWREZREE MBS i HEE,
[ 2 s A R O, S e B R R K, B0 TR,
R Sy =R Nt E £ R S W RL A AN & /NP I AR N
AR TR 2 A0 g R, R o 0 K 5 58K
PR, W Ve ATAL Y EFETFFE DY 130 r/min B,
L A KRR e 770 580.96 N, HH AR L %l 7
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S EE LY, I, NRIE O f e K, FAH
/b, AR AL 100~ 120 r/min.
433 FEHEEKRZEL
IS M e i3k B KR ELJa [ 3.125~3.250, DL
W WA 160, (A B G A 5E 110 r/min. 3 MR ON 3 R
0.25 m/s A EAE, oM FZMERIEKAE 2 308 3.125,
3.182, 3.214, 3.235 Fl1 3.250 B} X} 6. & K1 F (5200, 45
RWE e M1 iR, oiralsn, BEFRERERR
LGN, & Fl e 35 238 5B/ NS . b R A,
FHRB KA/, RN, TR EBRAK, X
SkERE S R O, RIBEA/NFESIR LB SR
Tl 488 M 23R BAEAEG, AR 0 B8 S5 R 338 7 0 R Bl 2 BRI 3%
PERFE KRR, BB, AR, KK
ERK, 5S8R LT AR, AR THE.
e, NGRIE 6 Ml e WK, FHEmR/D, KEHHEN
3.235, FUMRIEES 14 mm, K 45 mm.
4.4 REVIERNEEAAIRE
441 RBERELHF%
TIEWRAEREWE LM EERR, RAERGE
BB RS, TS A i (A AATLES 1 R38R O
L+
Q:

KA L RZETSE, ms L RZERSE, ms h AEE, m;
L NSERRYZIR, m; Ly NEIETE, m.

2% L~=900 mm, Ah=200mm, [,=400 mm, /=
600 mm, L=250 mm, A& E S % D% E IR
0.3~0.5m/s, TIEZEF 2.60x10° kg/m’™Y, HHEMENE
N 11.31~18.85 kg/s.

RIE— DR IRl T A R - RN
o AR 73 B 2N Sl A oy 77 (R e, T R R A
SRS EGERE, FFRE K IENA IE A he i 4 A5,
IS R R b a2 6 Fis.

*=o6 MERNEZRRSE

Table 6 Simulation test factor coding

xh+(L-h)x L, (33)

U5 A0 e s =
K JEEWUR s Roary LA
Level inclri)nati%)n angle screen speed  Soil feeding amount
eve ) e x/ (r-min”") xy/ (kg's™
1
—1.682 14 100 11.31
-1 14.81 104.06 12.84
0 16 110 15.08
1 17.19 115.95 16.61
1.682 18 120 18.85

442 RELER 5

R TR 58 Rk 78, H A Design-Expert
13.0 BAF X R 45 kAT 7 Z i, T E S R
R QMK 9 fin, RIS EEBA P<0.01, PR
RIMG R, & RO AR - 43 B 2R 52 H K 30 /N Ky [m] 5 i
e, REERONE. SRR, KRBT P=0.82, KA
W3 kb pp o I E AR P<0.01, TEBIRIAY
W23, 25 DR 280 2 Sk g R A8 g 5 m el K 21/ Ay [m]
i AU . IR NE, R P=0.71, K
ENTER

2024 4
*®7 HEFREER
Table 7 Test plan and results
EN=)

1 -1 -1 -1 81.54 194.78
2 1 -1 -1 93.51 195.67
3 -1 1 -1 88.22 298.52
4 1 1 -1 93.56 197.93
5 -1 -1 1 74.41 175.78
6 1 -1 1 81.25 165.96
7 -1 1 1 91.69 375.41
8 1 1 1 89.99 286.40
9 —1.682 0 0 82.21 256.33
10 1.682 0 0 89.64 202.03
11 0 —1.682 0 80.56 150.69
12 0 1.682 0 92.06 350.96
13 0 0 —1.682 96.52 156.85
14 0 0 1.682 84.45 210.22
15 0 0 0 90.15 155.66
16 0 0 0 93.05 145.78
17 0 0 0 92.56 174.63
18 0 0 0 92.86 190.55
19 0 0 0 95.77 165.62

e X Xov X G008 xs x, Ml MRISME: Y, WIREEE, %: Y, 8F
SRR iy J70EAE, No

Note: X, X, and X; are the coded values of x,, x, and x;, respectively; Y, is the root-
soil separation rate, %; and Y, is the peak impact force of taro collision, N

RS Y, HEDWH
Table 8 Variance analysis for Y,
whio ok g HHE
Index  Source um o Dedree o mean F P
aquares freedom square
(R 647.24 9 71.92 2672 0.000 1**
X, 89.42 1 89.42 3323 0.0003%*
X, 198.69 1 198.69  73.83  0.000 1**
X, 115.93 1 11593 43.08  0.000 1**
X, X, 28.77 1 2877 10.69  0.009 7**
X X 18.51 1 1851  6.88  0.0277*
XX, 46.51 1 46.51 17.28  0.002 5**
Y, X? 89.50 1 89.50  33.26  0.000 3%*
X! 80.24 1 80.24  29.82  0.0004%*
X 12.28 1 1228  4.56 0.061 4
Tk 2422 9 2.69
AN 8.28 5 1.66
aliiR 15.94 4 308 0% 0.82
=yl 671.46 18
B 81552.06 9 9061.34  39.12  0.000 1**
X, 6151.77 1 6151.77 26.56  0.000 6%*
X, 42615.23 1 4261523  183.98 0.000 1**
X, 3119.60 1 3119.60 1347  0.0052%*
X, X, 408021 1 408021 17.62  0.002 3%*
X X 0.094 6 1 0.0946 0.0004 0.9843
X X 5728.25 1 572825 2473  0.000 8**
6 X7 8325.48 1 832548 3594  0.0002%*
X7 14284.49 1 1428449  61.67  0.000 1**
X7 999.86 1 999.86  4.32 0.067 5
R 2084.67 9 231.63
AT 892.58 5 178.52
4Rz 1192.08 4 20802 03990 0.71

A 83636.73
w: *ONEE, P<0.01; *AEZE, P<0.05.
Note: ** indicates that the impact is extremely significant, P<0.01; *indicates that
the impact is significant, P<0.05.

FIFH Design-Expert 13.0 3 4% #4708 % 1) 22 B A
FRIATW N B0 AT,  x00~ x0x B xxy Z [AIMEERE BAE
o il 12a oA, AP IH — R, R 5 R EE
D] 28 7 2 SR P 18 0 2 TSR 8 R PR s 2 [ B i A el
— B I, AR ) A B LA A R RN R S B K e
faf SR

Wil 12b WAL, CHHR R — e, MR ) B SR

—
oo
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TIERABEKE I ZBZH G S LIERAE

I, AR g B R 5 LA A A PR T 5 S 0 K

Rk Wl 12¢ /751, HRIEETRREER — g r, R4

RGBSR

Separation rate of root and so0il/%

MR A5 B
Separation rate of root and soil/%
~
[=}

10 16 6
-, o 15
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Y

a. x, Floe, 58 LA FH w92 1]

a. x, and x, interaction response surface

169,90
14 [&85b965 b%)

b. x il 58 HAF FH A R [

b. x, and x; interaction response surface

12 R RO\ R I B L PR s
PRONEE—SE I, MR ) 1 SR (] 0 ek ) 8 o 2 B
RPN SRR

17
VA -3
/503.195/0

MR B
Separation rate of root and soil/%

C. 0, FHoe, 58 ELA'E FH i J82 1]

c. X, and x; interaction response surface

B 12 BEFE AR AR L B F a0 5w &

Fig.12 Response surface of the interaction of various factors on root-soil separation rate

443 BHMmAL

DR L0 B Y, ok, Skl oy 77 Y, &
N BRR, 45ESEBRLEE VR &, e it 25
HA: BN 16.000,  [8] % 57 #4539 110 r/min,
TIRIRAE 14.00 kg/s I, ARE70 B FR &M 93.36%,
LAl o U A /NN 150,73 N

5 HiEtIEiE

51 RIEEH

NI AL S HH G T 2 TR 7 1 RE,
5 4% o 5% AR ZE 2R IBOGRMLEEAT X LG, 2023 4 9 A &
2024 4 1 HAEIARA DU T M bRIa B Sk P i ZE b T e
FH AT P R, M 2% X o6 0 T 6T £ 152 78 4 16.00°,
AR AR, IR R, BKRA 21.74%.
52 REHE

WIS M (NY/T 648-2002 & £4 Bk 3R AL i & 3F
BRI #A7U0, RIGAT N T EBRYESLZER,
FRIRREIR] 5 4K x 85 )9 8 mx0.9 m HIUSCHRAE L X 48, %
SR HLRT#ESD /7 TR VR 904 T AR HLIR AL, it =
RS IRUR BE 2 250 mm. FRHEES 4 0 R AL
R, HIENE RN 14.00 ke/s, RIER (33) HE LML
A HTE T 0.36 m/s;  [AI % i 4% ¥ B O~ 110 t/min,
FERAR R, FRnHE B R TR ER, KIY
W 13a £ 13b s

AR = 3 5 23 G 453 6 PP A 3 Sk USSR I 1 BB FIAR
T B ORI EE AR AREN G ERL S EE,

LR LA R AR, kR M. R0
O R i3, TREFIEBA B IRAIW AT
WA, 2ESBAR T, 1FE AN

T, = x 100% (34

Arb M AR ROBGF R E, kg M,
PR ORI A SRR R R, ko

1L FERAR RS T RO AR 2. WUE Sk 3. B0 R AR 120 1
;. %MM%T&HX%W 5 ARBNIZARY” 6. M SRR E 7. = niBE
IR

1. Hall sensor electronic digital display 2. Hydraulic motor 3. Centrifugal
disc type root and soil separation device 4. Lateral throwing rubber curtain
5. Vibrating excavation shovel 6. Grating type screening device 7. Three

point suspension mechanism

a. T UCHL A) BU

a. Field test of multiple taro harvester

b. G A SR 2SN RS Ll

b. Comparative test of traditional grid type root harvester

A 13 @iERE

Fig.13 Field test
53 WRWHERSHR
53.1 FiEREE

Z YO R 5 R AL 9, 5 I H AR

+ 4y B R IMEA 92.06%, 5 A1 U AR Y T £h A 2=
1.39%, BEARZEN 4.86%, WOIRHLH [A@E 4 RE R 4,
g3 B ORI R BT K
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Table 9 Taro harvest performance test results

Z IR A GE 5% U 22 MR ML
W65 Multiple taro harvester Traditional grid type root harvester
TestNo.  #R+t5rE% & RS RAEFEHR Wi
. . . . 1% damage
Root soil separation damage Root soil separation rate /%
rate /% rate /% rate /%
1 90.73 6.13 85.66 3.92
2 93.24 4.12 86.91 3.88
3 94.50 4.54 80.13 3.83
4 89.56 5.33 84.28 3.76
5 92.28 4.17 80.25 3.97
A$i’/] 92.06 4.86 83.45 3.87
verage

532 fHLREE

i 2 7 FWORHLS & Gt 5% R 22RO LEAT
FoRUPEREX LSS, RIS HEE 5K, PEREHIE
A o XTHEER 9 g5 2R mr . AHFEEML AT, Lg%k
TR ZERR LR 153 B 2N 83.45%, TRz N
3.87%, ZTHFURHUR L B8 7 8.61 NMH MR,
FERBAR ST T 0.99 N E S A, R BRI T L
G 2% AR ZE 2RI

i o 5 LE R W B 14 FoR, WIRIRES ISk 2R &
Iisg e R BB gt s A% Golt 4% SRR 22 RS ML i
gyJE, W BT RBAAER RIS, BRPURR LR
HGHERs 2T FRSRNURE 5, R R REGE T 1) 1 e
2, MESTEBRHE.

a. PR

a. Initial state

b. ALk UR K
eI IS €S
b. Screening effect of
traditional grid type
rhizome harvester

B 14 FRAREL AR R

Fig.14 Screening effects of taro root soil composite
6 % it

D Wit 7 ME L R AR L R, s
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2) [T SR LT AR AE O 2y i R R 42 S
R, IR, REEERR R IRV S AL R s AR
R BT AR R A e R IR IE EAE 14 mm, K
J& 45 mm; 3@ K RNE E A e AR50 R i i i S
BOH A NV 16.00°, [BIE 574 # 110 r/min, 1%
MENE 14.00 kg/s B, R LB R EMNHN 93.36%, 3k
il 45 ph o 77 B 552 /N9 150.73N.

3) WK R EH, ZFFUERIUR L EEh
92.06%, WA H A 4.86%, HEAL Gl ok 2R 2L i3k
HUR 5 B RPETH T 8.61 AN 4r 5, BEARIETE 0.99 4

c. Z T UGN
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c. Screening effect of
multiple taro harvester
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Design and experiment of the centrifugal rotary root-soil separation device
for a multiple taro harvester

LIU Wanru , ZHANG Guozhong™ , LIU Haopeng , ZHOU Yong , WANG Hongchang , PEI Lei , LI Zihan

(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; Engineering Technology Research Center of Hubei
Province for Modern Agricultural Equipment, Wuhan 430070, China)

Abstract: Taro (Colocasia esculenta) is one of the perennial tuberous plants in the Araceae family. The global area of taro
harvesting has reached 1.793 7 million hectares in 2022, with a total output of 12.394 5 million tons. The yield per unit area in
China has been 2.75 times the world average in the world. The main production regions are situated in the Yangtze River Basin,
the Pearl River Basin, and Taiwan Province. Taro can play a crucial role in the process of rural revitalization. However, manual
harvesting has been predominant in recent years. It is still lacking in the specialized harvesting equipment for the mechanized
production of taro. In a previous study, the bar-type screening device was employed to conduct taro harvesting experiments.
The taro root system and the soil have also been adhered, wrapped, and entangled to form a "root-soil composite" structure
during operation. This complex matrix can serve as the taro tubers to reinforce the fibers for the roots. Nevertheless, some
challenges remain in actual production, including suboptimal soil crushing quality, ineffective root-soil separation, and elevated
screening power consumption during mechanized harvesting. Furthermore, the existing bar-type screening device was unable to
fulfill the requirement of taro root-soil separation requirements. In this study, the centrifugal rotary root-soil separation device
was developed to fully meet the agronomic and harvesting requirements of multi-seed taro. A collision mechanics model of taro
root-soil composite was developed for an impact crushing mechanics model of soil blocks. A systematic analysis revealed that
the primary influencing factors on the efficacy of root-soil separation were ranked in the descending order of the spring tooth
inclination angle, the rotational speed of the screen, and the aspect ratio of the flexible finger. The range of values was
determined for the influencing factors after measurement. A discrete element model (DEM) of taro corm-root-soil composite
was established using EDEM software, in order to analyze the process of soil fragmentation under impact collisions. The
simulation experiment was conducted to couple the EDEM-Recur Dyn platform. A systematic analysis was made to determine
the dynamic change of the taro root-soil composite during screening. There were the balance, instability, soil crushing, collision
tumbling, and soil shedding. The single-factor test showed that the diameter and length of flexible fingers were 14, and 45 mm,
respectively. A quadratic regression orthogonal test was conducted to identify the optimal combination of spring tooth
inclination angle, rotary screen speed, and soil feed amount, with the root-soil separation rate and the maximum impact force of
taro as the evaluation indices. The optimal combination of parameters was determined using the Design-Expert software. A
high root-soil separation rate of 93.36% was achieved in the rotary screen speed of 110.00 r/min and a soil feed amount of
14.00 kg/s at an inclination angle of 16.00°. A series of field tests were conducted to validate the optimal parameters under
identical operational conditions. The results indicated that the root-soil separation rate was 92.06%, which differed by 1.39%
from the prediction of a regression model. At the same time, the taro damage rate was 4.86%. Five performance tests were
conducted using the multiple taro harvester and the traditional bar-type rhizome harvester. The root-soil separation rate of the
multiple taro harvester increased by 8.61 percentage points under identical operational conditions, while the damage rate
increased by 0.99 percentage points. The centrifugal rotary device of root-soil separation fully met the requirements of root-soil
separation of taro. The screening performance was better than the traditional grid-type screening device. The findings can serve
as the sound foundation to design efficient and low-loss harvesting equipment in the crushing and separation of root-soil
composite for root and tuber crops.

Keywords: agricultural machinery; simulation; root-soil composite; multiple taro; root-soil separation; experiments
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