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1.Core ploughshare 2. Plate of soil diversion 3. Shovel colum 4. Wing of plate 5.
Port of soil backflow
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Note: Vs speed of opener, km*h™'; JK is ditch length of inclined V type cross

G

section groove, mm; 6 is angel of inclined V type cross section groove, (°); GE
is soil back section of soil backflow port; JQ is ditch of horizontal V groove
after backflow of soil particles; IV, V, VI is inclined transplanted licorice; I is
side of inclined V type cross section groove; Il is side of groove after soil
backflow; Il is area with both licorice and soil particles after soil backflow; S
is lag distance of V type inclined groove, mm; S, is distance of lag of licorice
seedling, mm. Same as below.
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Fig.1 Opener structure and inclined trench section
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Note: H is tail height of soil backflow port, mm; 6, is soil backflow port angle,
(°) 5 Ly is the bottom length of soil backflow port, mm; L, is space between two

wing plates, mm. Same as below.
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Fig.2 Parameters of licorice tilt transplanting furrow opener
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a. Model before soil particles backflow
G [on

P
0. LD
b. BTG, [l g i AR
b. Model after soil particles backflow
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1 A \E\B \AB,E } Il L ORI T AL, mm?s T ODEJB NN
1378 78 N 25 mm?s

Note : Within the section AA B,C,. AA,B,C, are particles inclined stacking on
both sides of opener wing plate before soil backflow, mm?% OC; and DC, are
height of opener wing plate, mm; OD and C,C, are space between two wing
plates, mm, 6, is soil repose angle, (°); D, is operating depth of furrower, mm;
A \E\B, AB,E are position of backflow soil particles before backflow, mm?

within pentagon ODEJB is soil particles backflow into groove, mm®.
B3 R
Fig.3 Model before and after soil particles backflow
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Note:Space plane ABJK and JKGE are inclined to side of inclined V type
cross section groove; d; is vertical distance between Jand B, mm.
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Fig.4  Soil backflow model
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Note: B/ is length of slope, mm; f is friction force, N; mg is weight of soil
particle, N; Fy is supporting force, N.
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Fig.5 Inclined V type cross section groove side
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Fig.6  Soil bin test
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Table 1~ Orthogonal factor levels
- TR D JFASETE TR EPRE  TRAMRIEAR
K- LRI A FAPE Soil B Furrow Furrow opener  FfE Space

Soil repose

Levels backflow port opener speed  operating between two
angle A/C) angle B/(°)  C/(km*h™) depth D/mm wing plates E/mm
1 224 25 0.5 100 40
2 29.6 30 1 150 60
3 36.8 35 1.5 200 80
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Note: L is length of straight bar, mm; B, is length of straight bar uncovered

by soil, mm; A, is vertical dimension between straight bar tail and bottom of

trench affer soil particles reflow , mm;  is angle of straight bar, (°).
B 7 XIS
Fig.7 Experimental measurement parameters
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Fig.8 Test results
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Table 2 Direct-viewing analysis of result
A LRI LIERNE S JRAEETE SRR TRAEIAR I MR v R R v RN K Ditch
. Soil repose  Soil backflow ¥ Furrow  Furrow opener  Space between  Angel of inclined V type  length of inclined V type
Test times . . . .
angle A port angle B opener speed C operating depth D two wing plates £ cross section groove 8/(°) cross section groove JK/mm
1 1 1 1 1 1 24.6 155
2 1 2 2 2 2 29.8 195
3 1 3 3 3 3 34.2 225
4 2 1 1 2 2 24.8 212
5 2 2 2 3 3 29.6 240
6 2 3 3 1 1 343 105
7 3 1 2 1 3 24.9 85
8 3 2 3 2 1 30.1 185
9 3 3 1 3 2 34.8 205
10 1 1 3 3 2 24.6 330
11 1 2 1 1 3 29.4 105
12 1 3 2 2 1 34.5 185
13 2 1 2 3 1 24.9 330
14 2 2 3 1 2 30.2 100
15 2 3 1 2 3 34 140
16 3 1 3 2 3 24.6 170
17 3 2 1 3 1 29.7 285
18 3 3 2 1 2 34.55 85
k 29.52 24.73 29.55 29.68 29.68
iR} v 2 ks 29.63 29.8 29.71 29.63 29.79
BT T2 £ ks 29.78 34.39 29.67 29.63 29.45
JE Angel of
. 7% Range 0.26 9.66 0.16 0.05 0.34
inclined V
type cross % F
section  Primary and BoEsASCSD
groove 6 secondary
factors
I 199.17 213.67 180.33 105 204.17
fisih v 7
Wi i ks 187.83 181.67 185.83 181.17 187
FE Ditch ks 165 156.67 185.83 265.83 160.83
length of #%2% Range  34.17 57 5.5 160.83 4334
inclined V eSS
type cross Primary and
section Y D>B>E>A>C
secondary
groove JK
factors
L RN KR Length deviation 3 32r
3f = fAEEIRZE Angle deviation & 3y
5 30f _ i;;;‘—:-;ﬂ_“r:-ﬂzr:
Foor T
§ —g 28r " - ; L Velocity/(km+h™)
£ o 2Ir ’// ====05
s £ 26k 7 --
e £ 26 4 0.75
i =5 25F / —_—-1
Bo24F0 e 1.25
& 23f —- 15
= 22 I ——
Gy
o L L 06 0.7 0.8 09 1.0 1.1 12 1.3 14 15

1234567 89101112131415161718
I REL Test times

B 9 AR AHGR ZEE

Fig.9 Error line chart of groove parameters
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Fig.10 Error line chart of licorice seedling angle
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Abstract: Licorice is not only an important Chinese herbal medicine, but also widely used as an additive in food industry.
With the increasing demand of licorice, wild licorice resources can not meet the needs of the market. Artificial cultivation of
licorice has become an effective way to solve the problem between the supply and demand of licorice resources. Direct
seeding method leads to dredge difficult and large labor consumption when harvest because of its low seedling survival rate,
large quantity, long growth cycle, and deep roots. Research shows that seedling transplanting can be used for licorice
planting. By this way, the licorice roots can grow strongly and healthily with good quality and high yield; and it is also easy
for mechanized harvesting. Seedling transplanting is an ideal cultivation model for artificial cultivation of licorice. At
present, the cultivation of licorice in China is still in the manual operation stage, from which exist many problems, such as
large labor input, high cost, low production efficiency, poor transplanting quality, etc. Due to the impact of the above
problems, the scale of the cultivation of artificial transplanting of licorice has been greatly restricted. A lot of relevant
research documents show that the development trend of the cultivation of licorice is the mechanization of transplanting.
However, the research on the transplanting machine of licorice in China is still in its early stage, and there is no mature and
practical application of the licorice root transplanting machine. In this paper a licorice tilt transplanting opener was
proposed. The analysis and experiment of the structure and work parameters of the opener were carried out, which provided
the research foundation for the design of the licorice transplanting machine. In order to analyze the forming mechanism of
the tilt transplanting furrow opener, the soil backflow model and seedling position parameter model were built. Through
analyzing results of the mathematical model, a multi-factors orthogonal test for the opener was executed by changing the soil
backflow port angle, the space between two wing plates, velocity, the furrower operating depth and the soil repose angle. The
opener orthogonal test results showed that main influencing factors of the inclined V type groove tilt angle was the soil
backflow port angle. The primary and secondary order of the factors affecting the length of the ditch was: the furrow opener
operating depth, the soil backflow port angle, the space between two wing plates, the soil repose angle and the velocity. The
results also showed that the formula built by mathematical model could be used for design the opener to make V type
inclined groove. Under the agronomic condition of 30° inclined transplanting with 300 mm long licorice roots. When the lag
seedling coefficient value less than 1, the licorice angle decreased with the lag seedling coefficient value decreased, and
decreased with the increase of the opener velocity. When the lag seedling coefficient value was equal or greater than 1, the
licorice angle fluctuated between 28°-31°. The opener had the advantages of stable working performance.
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