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Design and Simulation Optimization of Seed Picking Spoon
for Cut-potato Tubers

WU Bei*’, LI Zhuo*, XIANG Qingmiao®, QIAN Huaiyuan®, XIE Fangping™",
LIU Dawei*”, WANG Xiushan*”

(a. College of Mechanical and Electrical Engineering, b. Hunan Provincial Key Laboratory of Intelligent Agricultural Machinery Equipment,
Hunan Agricultural University, Changsha 410128, China)

Abstract: Cutting potatoes before planting is an effective way to save seed costs and break seed dormancy. Aiming at the
problem that the traditional round seed picking spoon of potato planter is poorly adapted to the cut—potato tubers, resulting
in high miss—planting rate and low sowing qualification rate, the seed picking spoon of potato planter was designed and
simulation optimization. On the basis of determining the mechanical characteristic parameters of potato tubers, a discrete
elemental model of cut—potato tubers was constructed by using EDEM software and selecting the Hertz—Mindlin contact
model. By analyzing the state of seed picking and seed filling, a notched potato seed picking spoon was designed based on
the traditional round seed picking spoon, and the main factors affecting the effect of seed picking were determined. A three—
factor, three—levels virtual orthogonal simulation test was carried out using the incision center angle, incision depth and
number of incisions as test factors, and the successful seeding rate, reseeding rate and missed seeding rate as evaluation

indexes. The results of orthogonal test showed that the seed picking ability of incision type spoon was significantly better
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than that of traditional round seed picking spoon, and its working effect was optimal when the incision center angle was
60°, the incision depth was 15mm, and the number of the incisions was 3. The optimized seed picking spoon was used to
conduct a cut—potato seed planting validation test, which showed that the successful seeding rate was 82.2%, the reseeding
rate was 7.1%, and the missed seeding rate was 10.7%. Compared with the traditional round seed picking scoop, its missed
seeding rate was reduced by about 12 percentage points and the successful seeding rate was improved by about 12.5
percentage points.

Key words: potato; cut—potato tubers; seed picking spoon; EDEM; orthogonal test
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Figure 1 Determination of mechanical parameters of potato tubers
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Inclined rolling test
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Table 1 Parameters of the discrete model of potato tubers

Z 8 Parameters HU{H Value SHORIE Sources
FHEAMA H Poisson’s ratio of potato 0.446 & Measurement
Al 37 )B4 Shear modulus of potato/MPa 0.504 i Measurement
Fh 2% Ji Density of potato/(kg+ L") 1 M4 Measurement
b2 — 4l [B] if 8K &2 25 %X Potato—material restitution coefficient 0.216 M+ Measurement
b 22— el ] i FEE 82 R 8K Potato—material static friction coefficient 0.534 M Measurement
b2 — 4 Rl 1) 78 3 B 48 22 8K Potato—material rolling friction coefficient 0.129 ] £ Measurement
b 2 b 22 ] il 4% K 52 22 88 Potato—potato restitution coefficient 0.3 HR[23-24] Literature
Tl 28— 25 1] i B 482 2 8K Potato—potato static friction coefficient 0.375 CHR[23-24] Literature
Tl 28— b 282 ] 7 ) B 48 2 38 Potato—potato rolling friction coefficient 0.45 CHR[23-24] Literature
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JE126 mm, F < B 60 mm A ERILATAR R, S KA 7 A1 50T, SR 7 R R 1/340 3 B T <
S5 1R, PRI  E 1/6 b 124 LT 10 RHT , FRAT 3SR SE R AR Y I B B 3045
DI 2 = SRS K H A7 N igetd N AEDEMARA , F T 22 BRI G 1 o7 Eh % B S R RS A
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a. BRI b. YIS BERN c. VIHUE R B HOTH R
Cutting method of potato tubers Cut—potato tubers Discrete element model of cut—potato tubers
E2 EMYIBTT ERE TR ARE

Figure 2 Potato tuber cutting method and cut-potato tuber model
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E4 SDHREEMEESEN Figure 5 Structure of notched potato seed

Figure 4 Structure of potato seeds picking device picking spoon
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Table 2 Orthogonal test factor level

X £ Factor
IR A B C
Level YIETBRLAC) Y) R /mm Yl a4
Incision center angle Incision depth Number of incisions
1 30 5 1
2 45 10 2
3 60 15 3
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Figure 6 Filling state of potato seeds
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Table 3 Comparison of seed picking results

AT SRR FRTFfA] Number of spoons with one seed
N =N EZ/ U U
CER RS MEME MEMEHOR MK

o Number of ~ Number of spoons with &t

Type of seed picking spoon empty spoons multiple seeds Number of supine ~ Number of side=  Number of prone Total
seeds lying seeds seeds

[ A1) Round seed picking scoop 57 12 75 56 0 131

] F1 A4 Notched seed picking spoon 23 14 75 50 38 163

ARG SR, 2 R R s A S S B B O U 1 SCIORP AT HG IR BCRR A ) FE BOR 45
TR 3 — R EATE D) O O AT B INARE , AN By daids , BORP AT YD FL BT X T AR T 46
FAEH A .
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% 24 BR &5 A F by AP BORY 4350 B 45 AARAL

-213-

VT B A SYTREES YN DA, SHAER S R PEAT I 25 0 A ik 5, 76 W& KK 0.05 B9 2% AF
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Table 4 Results of orthogonal experiment and range analysis
F6 4% Index RIGFS Number of tests A B C 1% RI% Mi%
1 1 1 1 63.4 22.3 14.3
2 1 2 2 69.2 15.4 15.4
3 1 3 3 72.2 16.3 11.5
4 2 1 3 64.2 21.0 14.8
5 2 2 1 66.5 15.1 18.4
6 2 3 2 73.7 12.3 14.0
7 3 1 2 72.0 15.4 12.6
8 3 2 3 77.8 10.1 12.1
9 3 3 1 81.9 6.9 11.2
K, 68.27 66.53 70.60
K, 68.13 71.17 71.63
K, 77.23 75.93 71.40
¢ R 9.10 9.40 1.03
7K F- Priority level A3 B3 Cc2
F YR Z Priority ranking of factors B>A>C
K, 18.00 19.57 14.77
K, 16.13 13.53 14.37
K, 10.80 11.83 15.80
K R 7.20 7.73 1.43
/K- Priority level A3 B3 c2
F K Z Priority ranking of factors B>A>C
K, 13.73 13.90 14.63
K, 15.73 15.30 14.00
Iy K, 11.97 12.23 12.80
R 3.77 3.07 1.83
K- Priority level A3 B3 C3
F2 YK K Z Priority ranking of factors A>B>C

AT ORI AR AR b, AR ZS Rl B bR . X T IRER A VIO R AA, X 3
APEUHE AR B DL K422 3 7K 5t 2 B0 H L A B B S0 60 ° 5 % T R B UT IR BE , HEX) 3
APEU AR LK 2 3 7KK, Bch 2 U1 O TR EE R B AE S H00 15 mm s X T C U0 A%, 0 3 44
PREC LI AN fuh 2, X HORH D) R AN B AR B LK 2 718, Xt 28 e B LK 3OKF, % I8 D1 Bk
BRI R P AT AR Y T R U IR R RS B E YT O 34 £R ERTA O T ARFH R AR R AL
0058 )0 B AR Z A ZH0h D) LA 60 °, YT TR EE 15 mm, U1 FT 4R 34>,

4 IHIEIKIE

MR 1E 22 30 A i 1) 11 SR AT B AR 4540 2880, R 3D AT ERE AR Sl 4 80 1 KGR AT an 1] 7h,
A IS HCR W B fA 60 °, B0 IR 15 mm, V) EVBCR 34>, S 7% e B BURh A A 101 =X,
IR ATV ML SR, RIS T B BORP AN 7a . A1 FH /NS B0 28 T A% SR R, 3] (5 FH P A
AT T SRR AN, A A A GE T I 100 YERFIE &L, 1T 5 HURR sl o 238 (AR A2 FoR ik
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Table 5 Analysis of variance for orthogonal experiment

eIty T3 22 R R S5 A B e ¥y P p
Index Source of variation Sum of squares  Degree of freedom ~ Mean square
A Model 297.540 6 49.590 22911  0.042 0%
YI 1 B0 £ Incision center angle 163.229 2 81.614 37.707  0.025 8*
Hrh % 0 Y1 ¥ Incision depth 132.549 2 66.274 30.620  0.031 6%
Successful seeding N
Late 1 11482 Number of incisions 1.762 2 0.881 0407 07106
1%2% Error 4.329 2 2.164
At Total 301.869 8
R Model 186.147 6 31.024 29.991  0.032 6%
YJ 5L Incision center angle 83.769 2 41.884 40.490 0.024 1*
FFER YITT R Incision depth 99.096 2 49.548 47.898  0.020 5%
Reseeding rate Y 144 Number of incisions 3.282 2 1.641 1.586 0.386 6
%22 Error 2.069 2 1.034
ST Total 188.216 8
PR Model 40.653 6 6.776 18423  0.0524
Y1 B0 Incision center angle 21.309 2 10.654 28.970  0.033 4*
ZEREM Y F R Incision depth 14.142 2 7.071 19.227  0.049 4*
Missed—seeding rate ] I14~%{ Number of incisions 5.202 2 2.601 7.073  0.1239
=2 Error 0.736 2 0.368
23t Total 41.389 8

PR B W (p<0.05 )
Note: *indicated significance at 0.05 levels.
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82.2% , $E W T 125 H4r o LR ZE LRI, 7
B AP A L3 i) O 454, e A RIS 8 )
Peg R A B b ) I % R 4R S A A AR R D
B S E AN AT — e BRI S

E7 EMASSY R BELE
Figure 7 Actual seed picking spoon and

planting test
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Table 6 Results of the verify testing
FAJERY (e s B s =R Q1% FFE R/ % 2R MI%
Type of seed picking spoon Type of tests Successful seeding rate Reseeding rate Missed—seeding rate
. ﬁjﬁu&% 66.7 6.3 27.0
[RIEFp AT Simulation tests
Round seed picking scoo SR B
pieting seoep SR 69.7 76 227
Physical tests
s 81.9 6.9 1.2
YO A Simulation tests
Notched seed picking SRiTR W
otched seed picking spoon S BRIR 92 71 107

Physical tests

5 TieE4%ie

DYPE TS ARA LI, 6 A 5 3Rl b 2R BB AT HE AT, S BRAE U A N SE PSS R A, SR
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