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Design and experiment of seed picking device for seed
potato automatic slicing machine with chain disc moving knife

XU Ziyuan, SUN Bugong®, QI Yuan, ZHANG Peng

(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract In order to further improve the working quality of the seed picking device of the sprocket moving
knife type automatic potato slicing machine, the working process of the seed picking device of the slicing
machine was simulated and analyzed based on the EDEM-RecurDyn coupling method, and a quadratic
rotation orthogonal combination experiment was designed. Taking seed filling inclination angle, sprocket
speed and species height as influencing factors, seed qualification index and seed loss index as response
values, the influence law of each factor on response value was determined by pre-test and single-factor
test. Based on the previous simulation test results, the optimal working parameter combination of the seed
selection device was obtained, and the reliability of the optimal parameters was verified by bench test. The
results showed that: when When the mass of seed potato was within140 to 210 g, the primary and
secondary factors affecting the qualified index of seed selection were sprocket speed, species height and
seed filling inclination angle, and the primary and secondary factors affecting seed loss index were species
height, seed filling inclination angle and sprocket speed. Based on the regression model, the optimal
working parameters of the seed collecting device were obtained as follows: Seed filling angle 29.59°,

species height 352. 77 mm, sprocket speed 44.25 r/min. The bench test with the optimal parameters
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showed that the qualified index of seed selection was 94.31%, and the loss index of seed selection was

4.85%, which is close to the prediction result of simulation test.

Keywords potato; seed picking device; DEM-MBD coupling; simulation optimization
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1. Arch breaking device; 2. Limited potato filling box; 3. Limited
potato lever; 4. Four-claw seed tray; 5. Tension device; 6. Bent plate
seed chain; 7. Potato partition board.
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T is the filling area. II is the seed storage area.
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Fig. 1 Structure diagram of seed picking device
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1. Limited potato lever; 2. Block potato grating plate.
a AR RN A 5 B R RIS IR 0 A 5 T Ry MRS AR I
a is limit potato lever angle. /3 is seed box bottom angle. T is the

limit of potato baffle length.
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Fig. 2 Limited potato filling box main view and left view
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(b) A-ATIfI[¥] A-A cross-section

(c) Hlim &l Axial view
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1. Hanging ear; 2. Seed tray; 3. Cutter groove; 4. Seed picking claw.
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d,, d,are the distance between the upper and lower claws. / is the depth of seed pawl. S is the cross-sectional area of seed pawl.
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Fig. 3 Four claw seed tray structure

2.2.1 AR HT
PO TCIR A 458 3R TCRE A o 4 A 3 A 5 b 4

SHEH PR E A B E T G2 1 Gy SRR O
Pl (9 SC 45 00 N B T F o8 e fh (181 4) o R



170 0 LN ES I Y NS S 4

2024 4F 55 29 %

JNSCREF1 N3 71 5 5P A SC85 01 F I AR B AEH
TS A 1 R DA BE el S L IRCRROTC P B AR

O TUHR R 458 27 3o o 22 S o I 1) T AR AR 25 L TR 4
TERRADIRAS T, RIS T2 S8R, 25 i 2 R R A
25l M SR FE R S B — 2 HAESIERIR
Pt BORR TON R A JIC AR AFDAS A e R, 76 BT

Tl P9 E

Seed box inner wall

LR R i R 2 Bk A R BT RS AR AL S
ARG AR AL RS R A M AR AR TR KR
SRS SR IO T AR ATY 98 e 2R 25 5 ORI )
IERE, SEREUA 000N IR FE AR T R TCSE R RE
T1o D9t A A B H N T P 2 A M R
Aab 3 /N SR T S AR T g, R LA AR Ao 4 )
BRHRIR DL , 32 i ORISR E )

FRALIR A

Ideal condition
Virtual condition
WG IR
Improved condition

L 20y SR TAT 258 58 0 B 25 5 N A RO TORT b 38 089 S35 5 g SRORI TR T 5 ) JBE 452 3 5 1o g Tob A DA BE RS o0 38 1) S8 3 5 0 g O BBURITUS 3o i
R B2 5015 GRS 11 5 15 G Rl 8 T 52 ok AR 2 Ly b2 B D 50 S SE R A

L is the effective filling distance of the claw. N is the supporting force of seed claw to seed potato. F;is the friction force of seed claw to seed

potato. Fy is the support of the inner wall of the seed box to the seed potato. F 4 is always the resultant force when the seed claw passes through the

seed layer. G is the gravity of seed potato. G, is the gravity of seed potato from the seed layer above it. @ is the inclination of seed filling.
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Fig. 4 The stress analysis of seed potato and the three working states of four-claw seed tray
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Table 1  Discrete element simulation parameters of potato and seeding device
Z 4 e e IR 24 B ORE
Parameters Value Source Parameters Value  Source
ift 3 4 L JCHER BRTE AL L
) . 0. 570 [15] ) . . . 0.38 [16]
Poisson ratio of seed potatos Poisson’ s ratio of photosensitive resin
g % B/ (kg/m™) 't AR i %/ (kg/m®)
. 1048 [15] . 1130 [16]
Seed potatoes density Density of photosensitive resin
fift 2 94 D) K2 B /M Pa JeHUOW IR PR R /GPa
1.336 [15] . . 311 [16]
Shear modulus of seed potato Modulus of elasticity of photosensitive resin
AR I A H il 385 1] B4 Al 455 42K 52 2R
. , 0. 300 [15] ‘ o 0.790  [15]
Poisson ratio of steel Coefficient of restitution between seed potatoes
A %/ (kg/m™) il S8 ) 4 1 48 T K
. 7 800 [15] . o 0.452 [15]
Steel density Coefficient of static friction of seed potatoes
AR 5T DI 4/ GPa il 385 ] 14 5l B 48 T
70 [15] ) 0.024 [15]
Shear modulus of steel Coefficient of dynamic friction of seed potatoes
il 35 55 50 B A 9 A2 R B il 38 55506 SO i A 4K A2 2R B K
Coefficient of restitution between seed 0.710 [15] Collision recovery coefficient between seed 0.285 i :L
RAUNS
potatoes and steel potato and photosensitive resin
il 38 55 0 A T R 4 PR il 38 5 00 WO i T R 458 DR .
Coefficient of static friction between 0.445 [15] Coefficient of static friction between seed 0. 86 i ZEjL
5
seed potatoes and steel potatoes and photosensitive resin
il 2 15 B A 3l 4 TR il 2 15 't FOR) i 20 E 458 TR 4 .
It
Coefficient of dynamic friction between 0. 269 [15] Coefficient of dynamic friction between 0. 344 .
P e

seedpotatoes and steel

seedpotatoes and photosensitive resin
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(a) RecurDynliUFjieé B A5
(a) Model of RecurDyn seed picking device

(b) EDEMEUR4 B 507
(b) EDEM seed picking device

(¢) EDEM-RecurDynlf &1/ £
(c) EDEM-RecurDyn joint simulation

5 EDEM-RecurDyn#B & F Ef& R # 51
Fig. 5 Establishment of RecurDyn-EDEM coupling simulation model
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Fig. 6 Seed potato and seed potato granule model
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Fig. 7 Effect of filling angle on the performance of seed

picking device
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Fig. 8 Disturbance of sprockets with different speed to population
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Fig. 9 Effect of sprocket speed on the performance of

seed picking device
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Fig.10 Acceleration of four-claw seed tray in Y-axis under

different species height
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Fig. 11 Effect of species height on the performance of

seed picking device
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Table 2 Factors and level of simulation test for seed picking device

K % Factor

K- —

Level TSR/ x BEREE M/ C/min) o R FE /mm
Filling angle Seed picking speed Species height

1.682 38.40 58.50 434

1 35.00 52.50 400

0 30. 00 43.75 350

—1 25.00 35.00 300

—1.682 21.60 29.00 266

®3 HMEENSEMTELEARESR

Table 3 Performance simulation test scheme and results of seed picking device

TR A & /K- Factor level F8 5 Index
Number X, X, X, Y./% Y,/ %
1 —1 —1 —1 90.07 7.20
2 1 —1 —1 88.91 7.32
3 —1 1 —1 92.45 6.5
4 1 1 —1 90. 85 6.72
5 —1 —1 1 85.07 4. 86
6 1 —1 1 88.91 5.47
7 —1 1 1 86. 89 5.75
8 1 1 1 91. 50 7.95
9 —1.682 0 0 86. 80 5.83
10 1.682 0 0 89.41 7.73
11 0 —1.682 0 87.78 4.99
12 0 1.682 0 93.71 6.95
13 0 0 —1.682 91.57 7.63
14 0 0 1.682 87.21 4.99
15 0 0 0 93. 64 5.16
16 0 0 0 93.71 5.22
17 0 0 0 94.13 5.11
18 0 0 0 93. 26 4.88
19 0 0 0 92.69 4.47
20 0 0 0 93. 00 5.42
21 0 0 0 93.12 5.13
22 0 0 0 93.57 4.98
23 0 0 0 93.21 5.39

TE X, Xp, X 20l g FERM A B FE 5 MR R )2 i B K5 Y A Y, 23 59 D B Rl
B AR BRI IRCR 451 2K 4 5

Note: X, X,, and X;are the horizontal values of filling angle, seed picking speed, and

species height, respectively. Y, and Y, are qualified index of seed selection,

loss index of seed selection, respectively.
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X I 85 AT O 22 a0 T L A R WL R 4L AT,
SRR G i ORI IR 5 2 i S R R 3R i [l e
B RSB W 3 . BORD G W i HOR IRCRR 4 % 48 Bk
LI P43 ) A 0. 357 F1 2. 58, ¥ A &, X ATEAE
FLAt R 28 6 6 M 8 0™ A 52 e o IORR G 4 48 BORD
R B K i H5ORE R e E  R H043 R 0. 97 F10. 93,

] LA R LA R R R, S S BRE A BN, K BR
AN R R 2R G 43 ) 2 ST BURl A 4% 15 B Y RITER
PR H8 50 Yo X 8 PP AR oo, BE T8 T o o, RO RD 2
[ R A 1= W = by = (1
Y, =934+ 0.738x, + 1.37x, — 1.26x; +
1.40x, 25 — 1.842% — 0.912x5 — 1.392% (4)
0.332,25 — 0.61x,2; — 0.3325 — 0.452%  (5)

x4 BHEEGEREFTESN

Table 4 Analysis of variance of seed picking device simulation test

HURh A % 48 88 Qualified index of seed selection

HURh 6 25 48 8% Loss index of seed selection

KR EHR A S T
Source Sum of Degree of F P Sum of Degree of F P
square freedom square freedom
A Model 166. 704 9 62.940 0.000 1™ 24.520 9 23.820 0.000 1™
T, 7.440 1 25.270 0.0352 2.950 1 26.390 0.038 4
T 25.610 1 87.020 0.000 1™ 2.110 1 19.090 0.0116
T 21.770 1 73.960 0.000 3™ 4. 860 1 42.950 0.000 17
X1, 0.014 1 0.046 0.8311 0.357 1 2.330 0.1256
T2, 16.710 1 53.370 0.016 4 0.767 1 7.500 0.005 1"
X3 0.001 1 0.003 0.954 1 2.730 1 24. 940 0.044 7
xi 53. 800 1 182. 780 0.0175 5.870 1 50. 730 0.2814
x5 13. 060 1 44. 380 0.000 1™ 1. 640 1 14.530 0.025 8"
x5 30.510 1 103. 660 0.000 1™ 3. 100 1 27.060 0.0213
5% 7% Residual 3.83 13 0.394 1.730 13
S AU Lack of fit 1.78 5 0.357 1.40 1.070 5 2.58 0.112 2
1% 2% Purerror 2.04 8 0.255 0.663 8
B Total 170. 56 22 25.980 22

e Aoy I R 3 (P<<0. 01 Al i % (0. 01<<P<C0.05),

Note: ** and * indicate highly significant (P<C0. 01) and significant (0. 01<ZP<Z0. 05) respectively.

25 PR 22 52 ) BUR A A 4 B0 S T O L B AR
Bl P R R RN SRR A, B R A S T
hyl 3 O AR 5 )2 R A A R R A%
TRE R SZ e WL IR 12, 4548 5% M 43, 75 r/min, Ff
J2 1R BE — g B, Bl B T AR 3 K, BRIl A 4

B 8 R W0 5 2 B FE e M 43,75 ¢/min, FE A
100 £ — 22 I, B o Pl )22 e B2 A 4G K, ICRR 5 A 95 B
e RGN . B Z R E R 340~360 mm, F Ff
FATE 29~31°0) , IURh 5 4% 8 B0CA e KAE -
SRR LT E S AN ER/ 4B
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a, and 25 are filling angle and species height. Same as in Fig. 13.
12 MEBEMEMEAZE/ERANBMEREH(Y,)
B = i
Fig. 12 Effect of interaction between species height and

filling angle on qualified index of seed selection (Y,)

I'@
LK
(KT
AL T

400

380 33
360 31
340 29
x/mm 320 27 x/(°)
300 25
(a) Y 5Ax,, 0,x,)
2, SR

FivJ2 v B HE AR G SRR FE AR . s BN R 2y
Y 2 P K P<<0. 01, s ma e H g 3 s 52 B &R
o5 [ 5 2 K F 0. 01<<P<<0. 05, % B % . 4
E RS G 8 R 43,75 v/min, FHZ R E — 2 i S T
AT 1 %) 1, BB 451 i Hi b I R M e
M A 43,75 v/min, 78R AR K OF B BRORD 5
O T8 B T2 R RE Y 3G 0T /S 5 2 R e o
43.75 r/min, FE R0 A R 5 KB Bl B FlOZ R
F 15, IBCRR 451 2k 48 B05E 9/ JE B R CEL 13 Ca)) .
475 BT A Sk 307, 4 e e R R IR KT B TR 5
EEi R RN B I NTR W N o 1 )
30, 4 50 e N = K VB Bl A RO R A 3G,
TR A1 % i 05 /N a3 K5 Y e A e AR ol 30°,
ol 22 e B A i KO I ROR A 2K dE BB B R
0T G O 5 4 S A AR S 307, A )2 R EE AR
KT, B8 A 5 A 0, ERUR R i RS b
Jei 3K (B 13(b)) ¢

400

x,/(r/min)

42
x,/mm 320 385

300 35
(b) Y=A0, x,, x,)

&, is the speed of seed picking.

E13 ZEEXEEAXMBEMREIELH(Y,) N0

Fig. 13 Effect of interaction factors on loss index of seed selection(Y,)

4.3 TESHMRWK
PLIRCR A 4% F8 5 CY ) FTEURP 3 25 35 80 (YO
A AL L 25 4 TR 2 00 B 96 T 267 5
oAl , KB bR ek B A R SRR
max Y, (x,,2,,23)
Y,<<5%
29 r/ min<<x; < 58.5r/ min (6)
21.6°<x,<C38.4°
266 mm << x; <434 mm

W Fl Design-Expert 13 /5 4 A6 B e, %t 2 5
FAFOUAL K A5 3], FER LA A 29. 59°  Fh 2 2 15 BE
352, 77 mm 58 5 44, 25 r/min I BORP %€
PERE AR, HURP & 4% 48 B0 95. 3206, BRI 4t 2k 45 %k
4.93%,

4.4 AR

R 3h )1 D 5 R E A 3h U] P pL IRORD R

SR & 25 T 2023 4F 8 H 12 H R 4l K24
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B P 14, R EURP S E SR TR S B0 L R
FRAR S B, e % — 4 4 3T T O 1k R i 1 A 2 B0
{E : SRR A 29. 00° 4 %6 %% 34 45. 00 r/min  Fl 28 2
/5 350, 00 mm. {5 4 B R A 3D AT ER AL,
XoF AN [7) 78 0 A 43 550 4T B HE O R D TCHROR 4% 38
T R I R A7 A R S i SR e L L
T o B A0 e T (8 T LA A IR R AR R
TR, ek T AR B[] P9 28 358 22 14 200 A U JTCHR R 45
HOR IS B0 E AT AR, £ 203K 56 45 SR R BURD A AR
FEHCH 94. 315 HUFP B A5 B R 4. 85% .

ik
1. POURECRN #552. AR BORN BE 2% 5 3. BREEAT ;4. B4 ;5. BR
EFAA

1. Four-claw seed plate; 2. Bent plate seed chain; 3. Limited
potato lever; 4. Potato partition board; 5. Limited potato filling box.
E14 BMXBEREE
Fig. 14  Seed test bench device
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