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Design and Experiment of Automatic Transplanter for Sweet
Potato Naked Seedlings Based on Pretreatment Seedling Belt

WU Guangwei' AN Xiaofei' YAN Bingxin' LI Liwei' HE Yufan® MENG Zhijun'

(1. Intelligent Equipment Research Center, Beijing Academy of Agriculiure and Forestry Sciences, Beijing 100097 , China
2. School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; Naked seedling transplanting is the main planting method of sweet potato in China, which
requires high mechanized transplanting. At present, the domestic sweet potato transplanting machinery is
relatively lacking, the existing equipment has a low degree of automation, and most of them adopt manual
seedling feeding, which leads to high labor intensity in the field and low quality of mechanized planting.
Combined with the agronomic requirements of planting naked sweet potato seedling, an automatic
transplanter for naked sweet potato seedlings was designed based on the pretreatment seedling belt feeding
device and the flexible disc planting device, According to the requirement of automatic operation control
of feeding device, flexible disc planting device and watering device of sweet potato bare seedling
transplanter, a control system of sweet potato bare seedling automatic transplanter based on CAN bus was
designed, which can complete rotary tillage, ridging, ditching, automatic and orderly seedling feeding,
planting at fixed plant distance, pressing soil covering, automatic watering, ridge repairing and other
operations at one time. Field experiments showed that when the distance of target plant spacing was 25 cm
and the working speed was 0.25 m/s, 0.35 m/s and 0.45 m/s, the coefficient of variation of planting
plant spacing and the qualified rate of planting depth all met the standard requirements, the variation
coefficient of plant spacing and the qualified rate of planting posture were affected by the working speed
greatly, but the planting depth was less affected by the working speed. When the working speed was
0.25 m/s, the working performance index was better than 0. 35 m/s and 0. 45 m/s. The average variation
coefficient of plant spacing was 10. 16% , the average qualified rate of planting depth was 95.56% , and

the average qualified rate of planting posture was 90% . The research result can provide a reference for
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the theoretical research and innovative design of mechanized and automatic transplanting machinery for

naked sweet potato seedlings.

Key words: transplanting machinery; sweet potato; naked seedlings; automatic seedling feeding;

seedling belt
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Fig. 1 Diagram of automatic transplanting machine for
naked seedlings of sweet potato based on pretreatment

seedling belt
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Fig.2 Structure diagram of automatic seedling
feeding device and flexible disc planting device
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Fig.3 Design of seedling belt
LB 2 BN 3 OREIR 4R S AN

SR, Pk B 5 78 3R L 3K B T e FE , e R R
T[] M T A 6, 2R T )OS R (B A R e R
IR G R A NN AR R Fan A ioN RS i
AR AT R K BB IS X R AR A
TR HEAT BEOK , S 28 N B AL RN 28 A A R 4R X 28
W AT 1B 28 58, (RIE BT 58 3, SE B AR B . B8
R A ) 2 v T AR A Ml 4 o) SRR A HL AL ) e R
T AR AR R R PR R A
1.3 HEBHRZE:

SEA AR S e B H R AR R
ZERIMNE 4 fr s, Z2 T 58 300 mm, 22 5 280 mm, %

ZE ()i 4 900 mm , 28 JiE % 800 mm,
300 800

< > ™ _
3 >

280

<
<€

_ 900
4 H BRI R
Fig.4 Ridge diagram of sweel potato planting
Hai, BN H R AR LR ARy £, 55
RRAE 0 B S5 % A B SR B v 1 AN ), S 0 ik
BRI A 1 S A R IR R AR D AT R R
Rk KRR AR B AR LS S R, K
SR R Rk A R R A R — B
A R S5 G B B SR AR R S AR
PSS KSRk 5 H s
2 FEFWEHESHEIW
2.1 HEREWMAE®EERIT
AL BEE A O 2 A5 AT KGR TR B JE Je dnit , dn
K6 FT7n , BEAR ARG 2 2 B AR OF S il g K
W55, B EORY I JR T8 RE /N T S PRIE AR




102 &l #Hl

Moo 20224

JIIIIINI1 1071707 I 11111001111

() EAH: (b) Rk

IIHIIITI17101704#7 11111117
TIRLIIITI117771042111111117

(¢) K FHE (d) RIS
S HERAA R 7 s E
Fig.5 Schematics of different planting methods

of naked sweet potato seedlings

Kl 6
Fig. 6 Schematic of seedling belt
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Fig.7 Schematic of seedling feeding device
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Fig.9 Design of front dimensions of planting plate
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Fig. 12 Principle of horizontal planting of flexible discs
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Fig. 13
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Fig. 14  Design of flexible disc dimensions
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Fig.16  Schematic of rotary tillage and ridging device
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Fig. 17 Dimension drawing of ridging scraper
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Fig. 19  Control flow diagram of system
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Fig.20  Control system man-machine interaction
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Fig.21 Field test
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Tab.2 Analysis of planting accuracy test results

| B WEVH R B 5
T (mesh) fii/em em RA%
1 0.25 24.94 2.46 9.85
2 0.25 25. 64 2.72 10. 60
3 0.25 24.19 2.43 10. 05
4 0.35 23.81 3.08 12.91
5 0.35 22.79 2.98 13. 07
6 0.35 22.04 2.77 12.55
7 0.45 20.17 2.99 14. 80
8 0.45 20. 80 3.33 16. 00
9 0. 45 21.67 3.31 15.25

4.2 BREREABREMBRELESERE

DT D R TR R A, B PR
B A 2 i, R o R 0 T A2 B, LR
A A BOE R i R 1) B EES HoO 2 em
SR 2K DX IR, 00 R e TR A7 2 T A
H, FIER AL T 2 7K P R A XA R 1 2 K P A 1
JE Lo (K22)
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Fig.22 Diagram of planting posture measurement
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Tab.3 Analysis of planting accuracy test results

) B R RME RMES
2 T W AN SAM EAN  AME/
(mes W MM R/% %

1 0.25 30 28 27 93. 33 90. 00
2 0.25 30 29 26 96. 67 86. 67
3 0.25 30 29 28 96. 67 93.33
4 0.35 30 26 26 86. 67 86. 67
5 0.35 30 27 25 90. 00 83.33
6 0.35 30 28 25 93. 33 83.33
7 0.45 30 27 24 90. 00 80. 00
8 0.45 30 28 22 93. 33 73.33
9 0.45 30 28 23 93.33 76. 67

Nq
P = x100% (10)

t

A0 H S5 BR T AL E TR JEE  M B S  DE
TR AR BT L 2 Ly=8 cm I, BIAT A S 4%
BB A, LR LE S G MR E N, W& 3,
BRI EEEHR PR AN

N
Plzﬁ’xloo% (11)

t

4.3 RIELERiTie

WA FEBLE AT B K 5, E W B Ar Ak R
25 em LI S AE b 3 BE 0.25.0.35 0. 45 m/s [# 175 &
T FEDLAR AE % — Uk M 58 BUTE B RS 2, ) FE T4 3
W Sh IR AR B R sh e K B R i
Fro FEML B EE Ry 0.25 m/s W), &k AH bR BE SF 3 {8
24.92 cm , KA PR R AR S R A H 10, 16% , AR AE
TR BE 4 46 R (A 95. 56% , F% Fi B 25 A 4 RO 1y
1H 90% s /E A # FE Ry 0. 35 m/s B, AR AE bk BE 7 1 {8
22. 88 cm , KA PR AR S R AT 12, 85% , AR AE
TREE A% RO 2 90% , #% B 5 A% R H
84. 44% AL EE S 0.45 m/s B, A% AH b BE 7 3 {H
20. 88 cm , K A B FE AE S R ECE B 15.35% , HtE
RS A H RO 92.22% |, kM B A5 A M RO 1y
{H 76.67% . FEHULENLHEE Jy 0.25 m/s B 2 @ JB/
T 10291—2013 5% 1 A Al B AR A5 1) F% 48 bk BE A2 =
REONTHET 20% FHERESGKERFHET
75% 7% 3 FiVEML BB S , BEDLAR AR PR B AR = R A
FR A VR B A A% R R B T bR oE LR R AR R AR S
FBR A AR Ml R 04 3 i AR K 1 W R MLAE
RRE ARG, R R B 5 e K 5 R R TR R AR R AR
AR B EE AR A M BN o R LS A M R H TR
A A RAREZE SR, T AT VR, (G50 25 2R AT LA
B R A G RS AR Ml 1 5 e B, A
A5 M SRR A A Ml B 1 3G i AR /N o DHH R
GRFE W EAEALIEE L BEE R 0. 25 m/s I, 1
PEBEDE T 0.35 m/s 1 0.45 m/s,

5 it

(1) 455 H BB B AR A 220K, 2 T P 3
B A IR M B [ B R R R B T — A H
BRI A SRR, BEAE — UM SEIURE B V22 T
S M R R 1 A SR K B R AR ER
T LR POAL B A7 18 H AR S A LA
SRR, 8 1 (58] 8 R A A A S 5 L L i
R THE 0% A 5 B H R I 2 2K P R, D
SRR A RV NN NG i I = e L N
HH B YR A R A7 A 22 Y IR R Y T — PR R T 56
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R 18 1) B b ik B R AIL L AT 08 0 S I O s o
B AR LA ) LA S, S A Bh o T R R B
R AT Vb, AR MR R AL D R R R AL A TR S
P il L Sl B S 64T 1 Bl Be K AR o

(3) H ) 86 25 R 22 0, ML 72 B ARBRRE 25 em

DL R AE L 0. 25 .0. 35.,0.45 m/s RIS 0L T, 4R AE
R B AR S 2R BORIRR A TR 32 6 5 2R 350 3K B A o K
AT 1 AR S 2R ORI A A A 4 RS2 Al o R
e A58 A, AR A R B 22 S R R o A ol 2 1 2 g
AR ARAE LA R B A Rl B A 1 i AR ]
AR R 32 AR B AR A S i /0N o RV b o B Ry
0.25 m/s [, ARFE AR B AE S R ACF{E 10.16% 4%
VR BE A5 4% M 95. 56 % , Fh Ml B 28 A ks
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