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1.Fence 2.Lifting lugs 3.Frame 4.Gearbox 5.Opener 6. Retaining plate
7. Soil covering board 8.Limiting depth wheel 9.Press wheel 10. Plant
spacing positioning rod  11.Two-point clamping and conveying device
12.Grid bar assistant device
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Fig.1 Integral structure of two-point clamping type apple seedling
planting machine
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Table 1 Main technical parameters of two-point clamping type
apple seedling planting machine

24 Parameters {& Values
FC£3)) /1 Mating power/kW 110~135

AMBERA (Kex B8 x#)
Overall dimensions (Lengthx
WidthxHeight)/(mmxmmxmm)

2 690%2 050x1 620

{EMLATHL Operating rows 1
4275730 Connection mode =B
Rl ANB (S HEHibLFD

Number of workers KN
(including tractor driver)
[(ENAr3:- 0.8~12

Working speed/(kmh™")

FF¥4 58 ¥ Ditching width/mm 300~370
THEREE (FTHED 0~400
Ditching depth (adjustable)/mm
PRI ELA 210
Limiting depth wheel diameter/mm
HURR L 450

Press wheel diameter /mm

TERHFFANNLAL AT EEESE v, (m/h) BRI
N (kW) FTFEEEA 4, (m?) =FZAMX R AR
(.

n:mmN
ka

KAy, RSN o B R D) E s R G g RS
s ke NERBI AL 7 T IRETEAE (kW-hm®) o &it
HIFATADT 110 kW GRS NI, 5 FERRAE
UL E e IR RIE, SRS DIRE, A SCEH 135 kW 1)
G TWS-1804 Hihibl .
1.5 ERPFERZEX
1.5.1 #MEBE

BRI AT B R B R TR AR
B oA, (EE G R m DA i A TR S SR
2o ARAE B R AR A AR A G L B SRR DL R
Pl B K PSR S R, IS B AR Y R
R bR AT AE (0.8~1.5) m x (3.5~4.0) m
ZTE], 5 At e SRR AR AL B 42 S ML) PR Aok B e S AT o7 2
ZH (AJUAE 0.8~1.5 m Z AT, LPLERASFE R
O, RN S HOE AT IR R .
1.5.2 #HRHFE

SR S S A B A A R N g, S
IR R EBAAER, — BB R SRR R G4 O
fEMR 2 F 5~10 om &b, 5FE 1 — AL TARERZ b 35~
40 em b, FRAE S DA RSB, Bt
W3 E, RER S HREE, H1EER 0~40 cm.
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1.Clamp synchronous pulley 2.Clamp front bracket 3.Clamp intermediate
synchronous pulley 4.Clamp the drive synchronous pulley 5.Plant distance
positioning rod 6.Holding drive intermediate shaft 7.The sprocket on the
intermediate shaft

B2 MmiEkFmEREELMA
Fig.2 Structure diagram of two-point clamping and conveying
device
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Table 2 Results of planting efficiency test
BRI B FE 2 RES

x100% 2

» =}
%fi%\?; Planting Planting Planting efficiency/
} number time/s (Plants'min”")
1 140 682 12.32
2 140 665 12.63
3 140 709 11.85
T-¥{H Average value 140 685 12.26

2 HERERH, fEREHERNATIHER N 1.2 knvh,
FRAERREE AN 1.2 m B o P s e O S i AR AR A LT 232
MR L) N 12 #min, #HEASRRIERE N 720 #i/h. AT
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Table 3 Results of planting distance test
B EHAE FRER Planting distance

. B REL
R = . Planting e -
Test No. Nﬁﬁgf qualification 1A= HRRH
a rate/% it 22 1%
1 134 95.71 121.13+4.62  3.81
2 132 94.29 1205144.02 334
3 130 92.86 121.84+4.96  4.07
SP VA
B! 132 94.29 3.74

Average value

F3ERERY, BRHERIES R RECTFYIMEN 3.74%.

®4 BEETERRERERBER
Table 4 Results of planting uprightness and depth test

BAH BN RAHTRE
e Planting perpendicularity Planting depth
Row No. Y B Y Gy
Average Qualification Average Qualification
value/(°) rate /% value /cm rate /%
1 88.94 96.43 29.69 94.29
2 89.04 97.86 30.49 92.14
3 89.03 97.14 30.29 93.57
S A
TIE 89.00 97.14 30.16 93.33

Average value

® 4 SEREY], BB EKREN 97.14%,
T IR ISR AE SR 95%, GHRFFGER. Kl
REETF I 6% 2 93.33%,  F T AREZR 1 75%.

x5 BHENBES KRR L
Table 5 Performance comparison between the improved model
and the first generation model

ARMEACR BT AR ce oz LR
o s IR e n gy N
LA Planting  Perpendicularity . . Planting depth
. . . Planting distance . .
Model efficiency/  qualification coofficient/% qualification
(Fmin™) rate/% 0 rate/%
—fRHL
The first 11.89 90.63 5.03 91.43
generation model
; )
B L 12.26 97.14 3.74 93.33

Improved model
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Improvement and experiment of the seedling clamping device of apple tree
planting machines

Lin Yuexiang®, Shang Shuqi**, Lian Zhengguo', Wang Mingcheng?, Zhang Jingguo®
(1.Mechanical and Electrical Engineering Institute, Qingdao Agricultural University, Qingdao 266109, China;
2. College of Engineering, Northeast Agricultural University, Harbin 150030, China;

3. Weifang Gaomi Secondary Specialized School, Weifang 261501, China)

Abstract: At this stage, the domestic development of apple tree seedling planting machines is still in its infancy, and few
planting machines had been developed for apple trees. Planting apple trees requires a large amount of labor, but the current
shortage of labor is a prominent contradiction. The problem of non-mechanized planting of apple tree seedlings urgently needs
to be solved. In order to solve the problems in the apple planting process under the current high density dwarfing orchard
cultivation mode: low manual planting efficiency, unsatisfactory erection of fruit seedlings with the developed machines, and
slightly higher coefficient of variation of plant spacing caused by the slippage of the clamping belt. Under the guidance of
agricultural machinery and agronomic integration technology, a two-point clamping apple seedling planting machine was
developed by a combination of extensive research, virtual design, prototype manufacturing, and field trials. This machine is
based on the existing continuous ditching fixed-distance planting machine previously developed by the same team, and
implements structural improvements and performance optimization. Firstly, the fruit seedling clamping device is improved,
and the fruit seedlings are clamped at the upper and lower points. On top of the previous generation planting machine, a layer
of clamping and conveying device is installed above the lower clamping and conveying device, and the upper and lower layers
are perpendicular to each other. The distance is set to be 50 cm, which is based on the comprehensive consideration of the
height and status of the apple tree seedlings and the comparison of the planting effectiveness at different distances. The upper
and lower clamping points work with each other during the transportation of apple tree seedlings to clamp the apple tree
seedlings together. The apple tree seedlings will not rotate during operation and maintain a good initial status. It overcomes the
problem that it is difficult to guarantee the initial angle of the tall seedlings relative to the ground because of the original
one-point clamping, and significantly improves the perpendicularity after planting; Secondly, the transportation method is
improved and the coefficient of variation of plant spacing is reduced. Considering that the trunk and bark of apple tree
seedlings should not be damaged during the clamping and conveying process of the transplanter, the solution was still sought
in the belt category. The initial idea was to add more tension wheels to change the belt slippage. However, the experimental
results observed showed that this method makes almost no effect on reducing the belt slip rate. The timing belt can ensure that
the apple tree seedlings are protected from damage during the clamping and conveying process, and it has a good transmission
effect with little sliding. In order to improve clamping, the conveying mode adopts two synchronous belts to clamp and convey
apple seedlings, which has a lower slip rate than the original V-belt clamping and conveying, and significantly reduces the
coefficient of variation of the plant spacing; in addition, the power matching is optimized by the corresponding calculation
formula. The depth-limiting wheel is installed to improve the stability of the planting depth, and the ditching machine, plant
spacing control and other parts follow the first-generation machine plan. According to the planting requirements of different
varieties of seedlings, the depth and width of the ditch can be adjusted, and the planting distance can also be adjusted as needed,
and the adjustment is simple and convenient. Field tests showed that the qualified rate of apple seedlings planted by the
machine is increased from 90.63% to 97.14%, the average planting depth qualified rate is increased from 91.43% to 93.33%,
and the average plant spacing coefficient of variation is reduced from 5.03% to 3.74%, and the planting efficiency is increased
from 11.89 plants/min to 12.26 plants/min, which was 37 times faster than that of manual planting. Compared with the existing
machines, all performances have been improved, laying a solid foundation for the subsequent mechanization of apple's
production.
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