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Design and Experiment of Minituber Precision Single-row Air-suction Planter

WANG Fenghua SUN Kai LAI Qinghui DONG Jiayu SU Wei YU Qingxu
(College of Agriculture and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract. In the hilly and mountainous areas, it is unable to use large-scale foreign sowing machines,
and the traditional mechanical miniature potato seeder has the problems of serious seed-injury and poor
filling effect. In order to meet the conditions of small plot operation in hilly and mountainous areas and
enhance the mechanization level of minituber, a precision single-row air-suction planter of minituber was
designed. The planter consisted of seeding device, fan, ditching device, and soil and ridging device,
which can complete ditching, sowing and soil covering work at one time. The working principle of the
precision air-suction type planter of minituber was expounded, and the main structural parameters were
determined. The " Lishu No. 6" minituber was used as the research object, the single factor test and the
quadratic regression rotation orthogonal test method were used to test the seeding performance of the
planter, the vibration frequency, vibration amplitude, suction negative pressure and working speed were
selected as experimental factors. The mathematical models of the qualified-seeding index, the miss-
seeding index and the multiple-seeding index were established, the influence of the interaction of each
test factor on the qualification rate was analyzed. The best combination of working parameters was
obtained by four factors and five levels quadratic regression rotary orthogonal test. After optimizing the
test parameters, when the suction negative pressure was 10 kPa, the working speed was 2.5 km/h, the
qualified-seeding index was greater than 90% , the miss-seeding index was less than 5% , and the
multiple-seeding index was less than 5% . After field test, the qualified-seeding index of the planter was
93.28% , the miss-seeding index was 3.25% and the multiple-seeding index was 3.47% . The air-
suction planter had stable operation quality and met the requirements of national standards. The results
showed that the air-suction planter could fully meet the agronomic requirements of minituber planting.
Key words: minituber; air-suction planter; vibrating seed feeding; single-row
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Fig. 1 Structure sketch of precision air-suction

type planter of minituber
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Tab.1 Main technical parameters of precision

air-suction type planter of minituber
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Tab.2 Physical characteristics of different levels

minitubers
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- 4 20. 08
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Fig.2  Structural schematic of precision air-suction

type seed metering device of minituber

LR 2. 9&aibli 3. % 4. 3 S HEH 6.8
M7 HERNEE 8 MRZHA 9. mTEE AR 10. HERRAL 11 R
R 12. HE AL
2.2.1 RS H0 E

(1) HEFh i B AR

HERR BEAE 9 HERD 48 004 (I 3) , HEE AR
T HE Rl A% 1 R A A b W LB R B S

— UL, SRR IR R R, SE AR R AT o HE
Foft 5 LA A0 ST B I B 56 2R A

Ly _s(D-ah) _308
T, N D-Ah nw
™30

(1)

0

ﬁ EF‘ to—fﬁﬁ'ﬁﬂ‘ I‘ETJ S
Ly—— 7 XN, m
HED B WAL RO 2R, m/s

Yy

Q
\
x|
& L
\ / /e
S/ | N\

B3 HEFR RS2 HOR BIE

Fig.3 Schematic of structural parameters of seeding disc

S——FEFP X BN , rad
D—HEF AR, m
Ah——HEFp 5 FAR 5 AL A B AR 22, m
HEF L% 2, 1/ min

(1) AL, FERR IR ¢, 5 HERl 25 5% 580 58 A
DCHRRE A 56, 5 HER B AR TE G, B Fe Al R 5 HE b
MERTR . GE % SRR AL HER 25 5 & Ak
RS R HER i B AR D =0.2 m,

(2) W LA

251 ol T AR A SE RSO0 T HERR S B AY
Mg FLASCHE 389 o, AT o ARG o 25 4, 384 K 58 b
(], A7 ) 3 1 0 R RE  (H W AL R S 2, T A 1Y
LG s B =22 38 R o 300 5 B 32 BCHE o 458 R AL %
o HERN L AL R VN 2

60v,,

n&

N:Lbns(l_s) (2)
L v, —— R LB E , m/s
Lb—fﬁﬁzﬂiﬂﬁ ,m
s M T B8 R AL, %

HEM#ERE D =0.2 m, M HLIEN L BE v, =
0.5 m/s, 4l A 225K, (R B A A BR BE O 0. 10 ~
0.25 m, Bt L, =0. 20 m , BUCHEFh #4553 n, =20 r/min,
W e =6.5% , N2 W FLE = N =8,

(3) AL B

WAL B e ds B N R, AE
BT — i I, WAL AR K, AL T AR B g AR N
T B G HE RGN A WAL E AR/ A T R BT
JIEE I, W B T FR /)N | 0t RS 35 R 1 o W AR
PR SS W/ IN B ) 3 1 20 R B, TG A 1
Fho BEXEAS R B AR AT A AT SO E WAL A Bl
THEE TR R, AR SO R S8 1 0 03 S
T3 AR WAL ER . TR

d=(0.6~0.7)d, (3)
KXp d— WA ER, mm
d,— & RGBT R4, mm



513

FENAE 25 AT R OB RS 2 R ML BT 5 A 69

P 2 T, A SR S S 2R AR 48 B R
15.03.20.09 .25.55 mm, K #=C(3) HE 3 Fr ik
FLER d 4350 11,14 17 mm,

2.2.2  REPFHLBET

BF5E % B, 76 95 3 B A5 FA R, AT 434 K i R 9 30
A RSl T P B 42 3, ) B S ol DA of TR o 20 5 e
o, T4 5 FE R RS20 R e e X AR R —
B MR o 56 AR S LA HLR

3 S AL R LR P 4 R, B L LAY 3l
59 25 395 O 5 2y, 7 B 4 bR B PR T L 3
FEAHE SR SM b 52 98 3, AT {68 ol 5 2 o oAb
TP AR A, Hev A R Y e AL AT 9 AR
B B4 A T A Al R R T R 30
W

4 PR HEEFP LG Z5 R B A
Fig.4  Structural schematic of vibration mechanism
LoSCHEM 20 HERBhR 3. 4 4. JR3hAR 5. RO E AR
6. JHTIRAE T HEAT 8. AR A

R 58 B sh LA G IR Bh 4 1 K Ik s FL R T 1k
S Xkt 2 AR T S LA a5 TR S

LS oo =i A e e ML 45 1 7 T

Fig.5 Structural sketch of centric crank slider mechanism
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Fig.6 Numerical simulation models of vibration seed-filling
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AR AV 11 72 P e, T 47 415 200 2 O o sl /s 119 22 A
PO EBR B E A A KL, WAk
7E 10 kPa I 5 M F8 BOE B fe i, 95.3% o

Wt 5 A1 oM JBE 1 K, 5 A i R B
AR A, e Rl e B LB B T g, AR S

R IE T R, R EELE 3 km/h LR
WG ECR T 90%
3.4 TREEREERRRE

A AR S RIX ), 45 A B KRR ) B 4
RoMER AR 4 ~8 He, IS I FE Hy 16 ~
24 mm W Ff Ol 6 ~ 14 kPa, fEME Uy 2 ~
4 km/h, X5 R R mAG KR 3 PR, WWRIH T E
HEERWFE 4, £ X, X, X, X, 500 4R 8 4502
e 2l e B A B AR Ml R R R A AR
3.5 RIWERSM
3.5.1 Gy,

% Fi Design-Expert X & 56 50 95 3k 47 97 2 04,
15 5 R 0 B S VR B 45 Rk 5 R, MR S
AL, G A R BB AL Y 5 FE AR 2 3 (P <0.01)
AU P =0. 443 7, 2, 10 B JC H At 52 M 48 5 19
FERR . &R XA H0E m b KB/ iy iy
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Tab.3 Experimental factors and codes

®3 HBERHD

ESES
G RSIAR, WREHIEE/ R UE/  fRAREE/
Hz mm kPa (km-h™")
-2 4 16 6 2.0
-1 5 18 8 2.5
0 6 20 10 3.0
1 7 22 12 3.5
2 3 24 14 4.0
x4 RBEAREER
Tab.4 Experiment design and results
SES RIS R %
Frs PO S Y aRAE RS %R
By, WY, %,
1 -1 -1 -1 -1 68.55 26. 60 4.85
2 1 -1 -1 -1 76.37 17.90 5.73
3 -1 1 -1 -1 88.72 5.52 5.76
4 1 1 -1 -1 91.28 2.99 5.73
5 -1 -1 1 -1 83.76 9.51 6.73
6 1 -1 1 -1 87.37 5.31 7.32
7 -1 1 1 -1 86. 34 3.03 10. 63
8 1 1 1 -1 88.31 3.34 8.35
9 -1 -1 -1 1 47.37 52.63 0
10 1 -1 -1 1 53.33 45. 34 1.33
11 -1 1 -1 1 68. 36 28.97 2.67
12 1 1 -1 1 79. 00 18. 65 2.35
13 -1 -1 1 1 71.35 27.34 1.31
14 1 -1 1 1 73.58 23.75 2.67
15 -1 1 1 1 72.31 23.56 4.13
16 1 1 1 1 72.33 23. 80 3.87
17 -2 0 0 0 71.22 27.51 1.27
18 2 0 0 0 79.77 14.85 5.38
19 0 -2 0 0 52.34  45.32 2.34
20 0 2 0 0 71.15 21.53 7.32
21 0 0 -2 0 76.34 21.54 2.12
22 0 0 2 0 83.78 12.70 3.52
23 0 0 0 -2 88.76 0 11.24
24 0 0 0 2 60. 56 39. 44 0
25 0 0 0 0 86. 37 9.26 4.37
26 0 0 0 0 85.67 10. 00 4.33
27 0 0 0 0 81. 89 14.53 3.58
28 0 0 0 0 85.37 11.76 2.87
29 0 0 0 0 88.53 8.63 2.84
30 0 0 0 0 90. 37 7.63 2.00
31 0 0 0 0 92.77 4.71 2.52
32 0 0 0 0 91.38 4.95 3.76
33 0 0 0 0 86. 67 11. 67 2.33
34 0 0 0 0 90. 31 6.43 3.26
35 0 0 0 0 87.22 9.73 3.05
36 0 0 0 0 89.23 7.61 3.16

VLR B X, PR SR B X, IR R B X iR S
X, o YRS RS WA B9S2 B (X, X)) BLK
B ZE M ZRI(XT XS X X)) B B3, B R 52
B IS B35 R T B 1] AR Sy
Y, =87.98 +2. 16X, +5. 11X, +3.22X, -
7.89X, -4.91X,X, -2.70X; -

6. 14X; - 1.56X; -2.91X; (19)
3.5.2 JmfkHELY,

K H] Design-Expert XJ i 5§48 o 17 7 22 70 #r
[\ )77 R i 2 PEAR B 45 R AN 5 s MRE&R S
AL, T AR TR RO AL Y, LS BEAR B (P <0.01)
FRAUIT P =0.231 8, AP35, U B JC HA 5 Wi 35 b5 1)
FEH R, £ PR X I % 18 K0 R B/ B T
NAVEME R B X, PR SR B X, IR B X iR Sl
X0 PRBNE L 5 W AR 6 19 S B (X, X)) BL &
SRR ZRI(X, X, X XS R 3, BBk 52
ERVLINNTE e =GOy L i)

Y, =8.91 -2.56X, —4.03X, - 10. 36X, +
6.09X, +4. 64X, X, +2.57X; +
5.63X +1.56X: +2.21X; (20)
3.5.3 HFMEY,

K Design-Expert X 128 56 % 476 47 77 22 70 7
BT R B PR IR 2 RN SR S Frn o MR S
AL, R RO RL Y RS B B (P <0.01)
AN P =0.289 6, A 1.2 , Uk B T HAh 52 i 45 bR 1
FERHE R, £ B R I % 18 20T 0 R B/ /Y T
AR BE X, PR Sl R R X, IR X iR Sl
HX o AR B0 R BRI ) T (X LX) B
M 2 255, 59 R AN W 2 DR 3RS Y (] A A A

Y, =3.24 +0.40X, +0.81X, +2.47X, -
0.98X, +0.49X> +0. 69X, (21)
3.6 ERRZEMEANEHRIEHNZIE

T o X U EHE R AT AL BE, W AR S AR R B
W B W Aol B Hs AR Ml 3 R 52 A I S ks R K Y,
F83 5 W), G o) 7 T B P 1S BT R

DL 15a.,15d 15F g3 42 53 A PR3 58 B0 sl 56
TRPR I o 18 15a g WAl 41 15 10 kPa b 33 32
3 km/h i 4 Sl AT FHR Sl B2 XS A TR Y, S H.
A FH B g 137 TR P AT R B R Sl A A AR Bl
W B A 1S O, 5 s 98 50 B S T v s BRI Y A2 4k
A RS AR Sl 0 R AN RS R 3 A
TCAHRS 3z B, FAE A BE 452 3 O, R R T I R ke )
FEH8 B B A% 8 BB 5 BE A 4R sl 4513 F 4R 5 i
JE B O, R S o) RIS 4 O, Bl RE DN R 45 D
AN R T SO, B 5 4 8 BT 5 AR S8R R B
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Tab.S5 Variance analysis

Jr % BRIEEEY, TR E Y, HREAEE Y,

R CFOrA AME F P IR A F P ForA A F P
AL 4710.32 14 34.97 <0.0001"™ 5877.89 14 39.25 <0.0001™  218.97 14 17. 86 <0.000 1"
X, 112.28 1 11. 67 0.002 6 157. 08 1 14. 68 0.001 ™ 3.75 1 4.29 0.041"
X, 626. 18 1 65.08 <0.0001™  889.38 1 83. 14 <0.000 1" 23.03 1 26. 30 <0.000 1"
X, 248. 65 1 25. 84 <0.0001"  389.14 1 36.38 <0.0001 " 15. 67 1 17.89 <0.000 1"
X, 1495.79 1 155.47  <0.0001" 2577.57 1 240.96  <0.0001 " 146. 27 1 167.04 <0.0001 "
X, X, 1.23 1 0.13 0.724 6 8.24 1 0.77 0.390 1 3.11 1 3.55 0.073 6
X, X, 22.92 1 2.38 0.1377 29. 16 1 2.73 0.1136 0.38 1 0.43 0.5199
X, X, 0.52 1 0. 054 0.818 1 2.13 1 0.20 0.6599 0.54 1 0.62 0.4394
X, X, 385.24 1 40. 04 <0.0001™ 343.73 1 32.13 <0.000 1" 1.18 1 1.35 0.2582
X, X, 3.77 1 0.39 0.5379 5.81 1 0.54 0.469 5 0.22 1 0.25 0.6226
X5 X, 26. 65 1 2.77 0.1109 14. 67 1 1.37 0.257 4 1.78 1 2.03 0.169 1
X? 233.26 1 24.24 <0.0001™ 211.77 1 19. 80 0.0002 " 0.40 1 0.45 0.507 4
X% 1205. 36 1 125.28 <0.0001 " 1015.65 1 94.95 <0.000 1" 7.61 1 8.70 0.007 7**
X§ 77.74 1 8.08 0.009 8 ™ 77.63 1 7.26 0.0136"  6.9x107° 1 7.9%107°  0.930 1
Xﬁ 270.73 1 28. 14 <0.0001*" 155.94 1 14.58 0.001 ™ 15.03 1 17. 16 0.000 5 **
2= 202. 04 21 224. 64 21 18.39 21
R 100. 41 10 1.09 0.4437 132.45 10 1.58 0.2318 12.37 10 2.26 0.289 6
iR 101. 63 11 92.19 11 6.02 11
EA 4912.36 35 6102.53 35 237.36 35

e FREREF(P<0.05),

sk N 2 TR E (P <0.01)

(d) ¥=£(0,X%,,%,,0)

[ 15

o

16 2.0
e

(e) ¥,=/(0,X,,0,X,)

DR 38 5 AR R T 5 A% i 8004 W I T

F\/H 42

o
g &

T
Wb o
==

14

I
A?ﬁ/,ﬁ,]/\ R
\ ~1s/,4p(7
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(1) Y,=/(0,0,X,,X,)

Fig. 15 Response surfaces of interaction factors on eligible rate

LSO 132 P R I 57/ BU VNI L L R = U
B, T by TR L RIE R T 5 BT R A T AR 4
S, A M i ORI A 5 B AR IRBIIARAE S ~
7 Hz, ¥k 30 06 B 7E 18 ~ 22 mm I & 1% 45 B R o
Kl 15d R 4REh 4R 6 Hz ARk 3 3 km/h B, 4% 3
i S 00 b B T X A% i 0 Y, B2 ELAE R G o
T o p AT Bl IR 5 W 52 R A 6 T A 38 K, 45

A% AR B B e T s AR A AR f R e R Sl i 2
A b 7 e 3k /N B o < S s I ) B, R AL
W BAE /0, B 6 Bl R AR, 45 98 OB AIR; B
3R By gf J3E R0 Ao 6 s 2% 3 4 O, AR S s k(] g
I R AR NI R R % T A D
KOt 5 4R 2l 0 2 R A 6 i DR e L IR B )
o B E Sl T, RORL S Sl R O, 5 BT
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3.7 SHHK
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Fig. 16 Parameter optimization analysis chart
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Fig. 17  Verification test
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