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Note: H is the soil penetration point; Q is the excavation point; M is the deepest
point; N is the farthest point; 7 is the angle between the slip and the ground, (°);
XOY is the coordinate, X axis is parallel and opposite to the forward direction, ¥
axis is vertical and downward to the ground; Z, is the length of the cavity of the
mulched ridge, mm; E(x,y) is transplanting trajectory; % is the transplanting
depth, mm.
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Fig.1 Mechanical transplanting model of sweet potato seedlings
with boat-bottom placement
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1.Handheld chassis 2.Ridge guiding device 3.Walking device 4.Ridge surface
profiling system 5.Seedling delivery device 6.Seedling planting device 7.Frame
8.Power parallel transmission system 9.Seedling rack
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Fig.2 Profiling transplanter for sweet potato in hilly and
mountainous region
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Table I Main parameters of sweet potato seedlings profiling
transplanter for hilly and mountainous region

HUH Value

Z$ Parameters

PR (KexBiximn

Machine demensions (lengthxwidthxheight)/mm>xmmxmm

1 800x1200x1 200

YL Weight of machine/kg 210
YNV 58 Working width/mm 650~800
FT45i#kFE Transplanting spacing/mm 180~300
FT4# ¥ Transplanting depth/mm 40~100
YN I#JE Working speed/(km-h™") 0.6~0.75

2 KBRS
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2.1.1 HERE
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M H. M. NS, SR NS, Jefs ik R, b
JadksHE gt 0 At Hhdeds 1RSI i g%
BEAE S B e 5y, SR EY ) SOF A . i dedR
L OKA ™M A A N R sk, S5 A WA S LA
IR A [FN, f5kITEEBEE SRMIEEL N,
PRAUE HAE TR 1 EA 5 i BN RREE s, RS L
PImE -

a. IEJa] =4EAL &

a. Front 3D view

b. ) = 4 L]
b. Side 3D view

LHLIR 2.55AT 3EAT 4. 100 SR 6. G5 7.3 85K 45 1 9.5 11 104k
P 11LZER 123055 133028 14847 1T
1.Frame 2.Rocker 3.Connecting rod 4.Crank 5.Seedling clamping component
6.Guide rail 7.Spring 8. Finger I 9.Sweet potato seedlings 10.Transplanting
trajectory 11.Ridge 12.Drive cam 13.Support frame 14.Finger I1
e Py RPN SAT R b ot s ORN A 5
Note: P and R are the highest point and closest point of the trajectory.
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Fig.3 Structure and working principle diagram of
planting mechanism
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_ . L1Sing
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AP xy s ARARFR, mm; oy, A A DA KR, mm.
A SEMRRR O BTES, W x,=0, y,=0,

E \

e A HREBER Ly B O M SIEATEER A CONIERT ST B AT
D ONREFF SHUREBHE R ENRRIAT nis L NI, mm; 4 W IERT
KR, mm; L AEATKRE, mms I, AWUZEKEE, mm: L 9BEKAS, mm;
0 JIERT BC 5 BE Reffts () oo AP AD 5 X HTTIA, () o Il
Wi¥ef8, (°); 0 BC 5 AD Jef, (°): A BD 5 AD KA, ().

Note: 4 is the rotation center of the crank; B is the hinge point between the crank
and connecting rod; C is the hinge point between the connecting rod and the
rocker; D is the hinge point between the rocker and the frame; E is the clamping
point of the upper finger; /, is the length of the crank, mm; /, is the length of the
connecting rod, mm; /; is the length of rocker, mm; /, is the length of the frame,
mm; /s is the length of |BE|, mm; 6 is the angle between the connection rods BC
and BE, (°); ¢, is the angle between the frame 4D and X-axis direction, (°); ¢ is
the crank angle, (°); 0 is the angle between BC and AD, (°); f is the angle
between BD and 4D, (°).
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Fig.4 Schematic diagram of planting mechanism
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Fig.5 Effects of structural parameters on transplanting trajectory
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2 8.

1.Seedling delivery device 2.Parallel transmission system 3.Seedling placing
plate 4.Seedling holding brush 5.Frame 6.Seedling planting device 7.Frame of
the seedling delivery device 8.Sweet potato seedling

T hy A9 R TR AR TR 0 2 PV e e Lo BB, mm
Ty Ry S T R TSR s REL T R RS B B s B R AR B
mmy; Ly AR IS B IR B o K ER Y, mme

Note: 4, is the vertical distance from the bottom surface of the seedling holding
brush to the center of the crank shaft, mm; £, is the horizontal distance from the
outer surface of the seedling holding brush to the center of the crank shaft, mm;
1y is the nearest horizontal distance from the transplanting trajectory to the
seedling delivery device, mm.
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Fig.6 Planting unit of sweet potato seedlings
2.2 FHEEEARLG
PREGE H SRR 2R Z 28, R4 H R RK
SR, TR T, BARKEEA N 18~
30 em AN, FOERH E R RN K ATRER

7'Cd§;A Hdg;A
d = (14)
I n/ny
V= ndﬁ:\nﬁ{_:‘ (15)

X d, AR, m; d AR TR, my ITONHET
R AN 0y 5 MO ny [ EEAE ;v L3S AT HEE
B, m/min. Forb, KA LR R SRR T A dyg =
500 mm, L AEALES AT dEE & v=0.6~0.75 km/h, AJ i
TEHE g TSI . YA ARPEIE ) 18~30 cm B, TT
Jy5.2~8.7.

s FiR 25 % PVHI B R ML 2 ) AL B4
MM ES RG K 7 s Hbah & RSPz
IS TR ORFE, kg e, B T AE.
Bl 5 A b 25 F- 2R HAR . MM ROE A, IR 4 2o i
WA RS BEALS) 1. IRSIA TS S, [ LS
PARCK AL N i W R ) Be - S UM N BT}
R, AR IE I 5.5~7.8, B ARPREE U 1Y
Yo 2124 20~28 cm.
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Engine The first stage gearbox
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Ground wheel
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Manual transmission Horizontal gearbox
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Universal drive shaft
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device

PN e

Seedling delivery device

i

B/ FHAEsAE%

Fig.7 Parallel transmission system
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I 5 ERE L R

LR GE 2. AT 1 R 33 I 4.0 T2 S vl I 6. 58 2 7. 8k
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1.Hydraulic cylinder 2.Adjustable flow valve 3.Hydraulic control valve 4.Profile
apparatus 5.Relief valve 6.Gear pump 7.Hinge point of planting unit 8.Frame

B8 ZaGl A%
Fig.8 Ridge surface profiling system
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o E R R 48 (Photron FASTCAM MiniUX50 ) #f
TR %, AR B A 250 Mi/s. =5 P ke 4 & 0
(£ 2), 7£ 40, 50 r/min FE BT, S PR v I HH
BRI AET 99%, LA T K

VIR, B 6 A Bl T 280 1 P ke, 00 o o S

amn

Vi

BIEAT /R I, T R 2, B R R R
T, AR B T I IO R AR R R S e B
B, AR AR I R R, S BOCE N BRI
Fil b P O I R A R Sl S R AR AN, 3L
T B I A, AR AR IIEE N . ZE AT,
I 8 5 R AT OC,  ORIE 38 1 563508 1) B B A
FROK T i 1 EC e 0 L P A B e D ) O o R0 i e
B ENAG SR, RALETZ 15mm PP,

b. SHAR T

b. Planting unit of sweet potato seedlings

a. Sweet potato seedlings

A9 HMELERIG KL
Fig.9 Indoor test of sweet potato seedlings taking
by using planting unit

*2 ERHEABRER

Table 2 The results of indoor test of taking sweet potato seedlings

FIRERBH WO
Parameters of sweet Seedling picking
i potato seedling bases success rate/%
Varieties B v/ L v -
Verticality . fLte i 40 r'min~' 50 r-min”'
Diameter/mm Number of leaves
level /mm
¥ 26
sishu2e 81 4-5 34 1000 99.7
JeE 9
Longshu 9 10.3 3-4 3-4 100.0 100.0
JH# 25
Yanshu2s 143 4-5 3-4 100.0 99.7
3D
=]
Pushu3z2 136 4-5 3-4 1000 100.0
e
Zhiluolan 168 23 4-5 99.3 99.0

e AL R ST MR b 8 em ROTERR, B R I R B AL
T

Note: “The base of the sweet potato seedlings is the range from the bottom to the
upwards within 8 cm, and the verticality level indicates the width of the base of the
sweet potato seedlings stem.

4  HEALE

4.1 RIEEH

2022 4F 5 HA), AR BT Tk B 2K IR B
AT B B L M T AT 4 H S R R L) H R (I 10D
IR CHZ WAL A =B E ) (DB37/T 3355-
2018) A (S HLAR M ALAD) AxiE (JB/T10291-2013),
KK 280~320 mm, ZXHH T 4 mm (1) 2 24T 1R,
Ve S FP R 57 26 (IEET T H 2 Rl .
4.2 {ElSHIERRE
4.2.1 R¥Fik

S 05 757 o 5 Sz o 5 SRR 24 s - T A v, BEE
FRAGAREE 24 cm, DAEMVIETE Xy SRR X 2
AR S R R X R R HEAT SRR K (R 3)
FH [H) R AR 1 EAC 5
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B 10 Rl Bt 46 A AL E X
Fig.10 Field test of profiling transplanter for sweet potato
in hilly and mountainous area

A HACHE X AR E Xy E R EEIE S X
XERIR TR Y, (KIS INIUY  2E v Ah HCE X A
MV EE Xy R IR TE A X, AR R Ys BOSEIE R/
W g VDR Xy S WIS Xy B ET
KXo HErb, 0D BRI PRy A0S I 1 A< S 0 %, 3K
BEb SISPIE-¥-tR 3P A kS AN A PSS s St a
LA A RN R R, S N TR R
AT v ANERAR IO VE I N o [N, S R A X
R AR R R, X RPN E R A 2
W e F B AN a2 R R AN L,
AR = AN B R T A5 T WHE, R BE T R
FEAFRZACE RT3 TR B

F4 HERBEARSHER
Table 4 Field test scheme and results

JBE E m AR AR

N Pt TA - Ny B
#3 HEEZRBERRKF 1?533?: Xy Xp X, Length of seedlings Transplanting Leak@ ‘flie %
Table 3 Factors and levels of field orthogonal test ) under film/mm  depth qualified rate/% & 0
ey R R R A R 1 111 196.2 96.7 0.20
IKF Workin Veljf)ci ¢ Characteristics of Length of 2 122 214.5 97.2 0.10
Level p k%nh" Y sweet potato seedling  extended brush part 3 133 235.6 96.3 4.85
X/ ) bases Xy X;/mm 4 212 218.1 98.4 0.90
5 223 232.6 98.5 2.70
é 82 g&t ig 6 2 31 200.1 96.9 6.40
3 0'7 i 60 7 313 237.5 97.6 4.00
: 8 321 198.6 95.9 8.00
VE: FEWEREE <8 mm N, 8 mm<EVE<I2mm N, 12 mm<E 9 333 219.2 98.1 10.00

E<16 mm K.

Note: * the seedling base is optimal, good and moderate when the width of the
seedling base within 8 cm from the root of the sweet potato seedling base is <
8 mm, 8-12 mm, 12-16 mm, respectively.

AR 21 A S R A 3 Ol B A 7 K o 2
AT R, HER 0.01 mm BTN, 3L 9 Ak,
BRI 70 I B Ak 200 m, 56 5 AR BN 60 m K%,
TR (KR 7 CE BT v BIRGHER 1, A
IR Yo B Fa, FFENER, UIZE DY IEEL,
FIOT IR, DR E M RIR L, JFLE S 2
AT i A R, Ik S, MR N S K 2
G HTR . PR R AR BIR SR R SRR
triabs, WHEIHEAE:

2L
_ k=l

Y, (18)
ny
N
Y, = 7”x1oo% (19)
N
)g:R%xHM% (20)

b L T K, mm; o, b )
WRE: N, D R IR A 6 () S P R m D T
BB Ny, IR AR NIRRT P B S FT
A
4.2.2 ML REGRIELE R B AHT

T L 0 T AT H S AR MU b 3 4 1E A8 56 1
I R 4, s, PRI FENKE Y, A
216.9 mm, “VFIEEFRIRAME Y, N 97.3%, TR EE Y,
H41%, WAEEWE T AR 2HAAZ TR

X H TR 56 5 RAAT Z R R 7 200 (R 5), 4
RRY, BREXNE N EE T Y, B2 /Ny

x5 ZRAERRESHER

Table 5 Results of multivariate analysis of variance

A Efzgay SFI7 A %75 P
Source Index Sum of squares Mean square
Y, 13.500 13.500 0.149
Xv Y, 0.327 0.327 0.554
Y; 47.320 47.320 0.005
Y 1.602 1.602 0.572
Xr Y, 0.327 0.327 0.554
Y 43.470 43.470 0.006
Y, 2 046.607 1023.303 0.000
X Y, 3.082 1.541 0.254
Y; 2.507 1.254 0.497

TE: P<0.05 FARFENESE, P=0.05 LR L.
Note: P<0.05 means the effect is significant, and P=0.05 means the effect is non-
significant.

4.2.3 RMAELSIKF

KT VENV I JE S SR AR T R R X B R
L H A7 P T4 H R R L L T4 1 M o R 255 5
R, N RO 25 B DR VR0 IE AT W 45 SR AT Lk sk
fig (2N (9D, HRHEBAESHAI G HHE BRI AR A
PERE T br 1 F M, A A IS A 4 L 4 P,=(0.30
0.150.55], RIER TP Y. RIRAHR Y, A
TRTIE Y, BLE 435 035, 0.15. 0.5, H1 AR 4 b4
(X (D) ~ (8)) SWESEE P, #hC B 2R & PR,
PR 5 R WL 6.

& R R AL SR GV AT I ZE 0 BT, SRAS AL T8
Xyv B EEARAAE Xo 2B IR R B X S5 R
FERGE P, FIIARIFEIKCE T BRE 45 R 7 515 40 B M %
K 2B A3 M (A ZE {8, BT SRR W] (L
Do W EEH IR G R E R E
B R RE X B ERRAE X M EE X,
B TAESHUENA IEESE Xy, KT S, i Ry



%16 3 B

Fefg 1Lt H S5 4 AT S ey L il 33

il Xy J KPS S AR H R BRI X K U I,
BIAENEIESE 0.5 kv/h, B ETIEAESOL, F b
60 mm I, FENVIR A BRELRSE TE SR & 4% R 5
AR ALLS -

®o RMILEEITNER

Table 6 Results of fuzzy comprehensive evaluation

. Fihr S s B AE A
5 Indicator value 7;; é’%ﬁ,ﬁ&ﬁ
Test No. T, T, 2 Composite score W

1 0 0.05 0.53 0.58

2 0.13 0.08 0.54 0.75

3 0.29 0.02 0.28 0.59

4 0.16 0.14 0.50 0.80

5 0.26 0.15 0.40 0.81

6 0.03 0.06 0.20 0.28

7 0.30 0.10 0.33 0.72

8 0.02 0 0.11 0.13

9 0.17 0.13 0 0.29

®7 BRMGEESITFNERRENT

Table 7 Range analysis of fuzzy comprehensive evaluation results

JKF Level Xy X; X,
1 1.92 2.10 0.38
2 1.89 1.69 0.88
3 1.15 1.17 2.17

2 Range 0.26 0.31 0.60

4.3 ITHREREIE

1 tE S B A 3T TR S0 AE G . A
1333 m?, BENLIEE 3 B 60 m K&, W 11 fros, dE
EATARREE . B E R B K EWT
AR

b T EHAKEE. MR &
b. Measurement of seedling length under
the film, transplanting angle, and depth

a. FRARMRER 557 H A B i
a. Measurement of transplanting spacing
and hole length

. FFH 5 I

c. Completed transplanting field site

A 11 FdE4Ren

Detection of transplanting results

d. 45 0L

d. Sweet potato production state

Fig.11

I MG R, PRI E RSN 73.6 mm,
JE T 2 P B A 205.4 mm, SER7CKE R 76.5 mm,
EH A R S T e A Ol 53.8°, il AR AT R AR
EARRIAR Sk, LSRRI AT . RN, Frvk
PR S RHCh 8.9%, FIRGHAE N 93.7%, W HEN
3.5%, FTHERCRLT .

5 &

1) gt b7 X B 2 B RS RR i
FENV S, BT T R (A AT i R AR AL, E T
W T ARG, ML s REE. BHTiIE RS
KEISH: AR T EW KIS FHER M. X
ARSI s LE G0 8 HEs, e S KERXRRN
1:2.0:2.0:2.5:2.75; MR MEA TR, e TR E
B RE T B A B RE S S5 MR R ZRREE T R
FEBRAAE, B tkshth 5.2~8.7.

2) 0 Fr B Ll A T AT B AR L2 T AR b R e
TENEETRES, 45 RRPTE 40~50 v/min A HIEE T,
SRR B T 0T Y M b DX P S R AR R, B
I EEALE 99% LLE, i AL AL 3K

3) DRV RS . P A S AR
R, FHECEIETEL Y. BRIRGRR Y, Fm
R Y, IRk, MHATHEB R ERSRLE, 45RERY, 2
AR TR PR 25O VP I R IR 2 e S A L I 1
KR . EWELERERE « VRIS, BB BAE ML
HE 0.5 km/h, FEESSTEAD, EE M EKE 60 mm.
ARG S R R, RIS BAET, FREN T
B2k 73.6 mm, JBER K 205.4 mm, PR
HKFE N 76,5 mm, A G S5 -349¢ 44 53.8°,
FFAmPREE AR 5 REh 8.9%, HRIKEGHEE N 93.7%, w1t
HH 3.5%, FHEACR R, W2 A7 B AR A A
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Development of the profiling up-film transplanter for
sweet potato in hilly and mountainous region

LI Hui', HE Tengfei', LIU Hu', SHI Song™?, ZHOU Jilei', LIU Xuechuan', WANG Baoging*>*

(1. Shandong Academy of Agricultural Machinery Sciences, Jinan 250100, China; 2. Huang Huai Hai Key Laboratory of Modern
Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Jinan 250100, China; 3. Shandong Academy of
Agricultural Science, Jinan 250100, China)

Abstract: Sweet potato is one of the most favorite crops that is widely cultivated from the tropical to temperate regions. There
is an ever-increasing need to produce more sweet potatoes on the existing arable land under the challenges of labor scarcity and
population growth. However, it is still lacking the optimal machinery to transplant the spring sweet potato seedlings on
mulched ridge planting system, especially in the hilly and mountainous region of northern China. In this study, a profiling
transplanter was designed for the "shallow planting and multiple buried joints" of sweet potato seedlings, according to the
agronomic requirements of "shallow cultivation and multiple burying nodes". The boat-bottom planting placement of mulch
raised the beds' cultivation system of sweet potatoes. The space-time coordination and working parameters of the transplanting
unit were optimized to consider the transplanting angle, transplanting depth, seedling length under the film and hole length.
Indoor and outdoor tests were also carried out to verify the model. The indoor seedling-taking tests showed that the planting
unit posed the super seedling taking effect on the five sweet potato varieties, which were widely planted in Huang-Huai-Hai
area. More narrowly, the seedling picking success rates of the planting unit were more than 99% under the rotating speeds of 40-
50 r/min, which fully met the needs of field operation. Furthermore, the orthogonal experiment of field transplanting was
carried out in the field, in which the influencing factors were taken as the operation speed, the shape of sweet potato seedlings
base, the length of seedlings extending out of the brush, and the average number of buried nodes, the qualified rate of
transplanting depth, and the missing rate determined as the evaluation indexes. The field experiment showed that the influence
factor on the average number of buried nodes was ranked in the descending order of the length of seedlings extending out of the
brush, the operation speed, and the shape of the sweet potato seedlings base. By contrast, the influence factor on the qualified
rate of transplanting depth was the length of seedlings extending out of the brush, the shape of the sweet potato seedlings base,
and the operation speed. The influencing factors on the missing seedling rate were the operation speed, the shape of sweet
potato seedlings base, and the length of seedlings extending out of the brush. The operating parameters were optimized using
fuzzy evaluation and range analysis. As such, each factor on the comprehensive score of field experiment performances was
ranked in the descending order of the length of seedlings extending out of the brush, the shape of the sweet potato seedlings
base, and operation speed. The optimal combination of parameters was as follows: the operation speed of 0.5 km/h, the most
upright sweet potato seedlings base, and the extension length of sweet potato seedlings of 60 mm. Finally, the transplanting
efficacy of the sweet potato seedlings profiling transplanter was evaluated under the optimal operation parameters in the hilly
and mountainous regions. The results showed that the average transplanting depth, the transplanted seedling length under the
film, the hole length, and the transplanting angle were 73.6, 205.4, 76.5 mm and 53.8°, respectively. Meanwhile, the
transplanting space variation coefficient, the qualified rate of planting depth, and the rate of missing seedlings were 8.9%,
93.7%, and 3.5%, respectively. The performance fully met the agronomic requirements of "shallow cultivation and multiple
burying nodes" for the boat-bottom planting placement and the regulations of transplanting quality on dry land transplanting
equipment. This finding is of considerable importance to developing the transplanting machine for planting spring sweet potato
seedlings on mulched ridge planting systems in the hilly and mountainous regions of northern China, as well as for sustainable
development of the sweet potato industry.
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