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Design and experimental of flexible clamping and
pulling device for rice potted—seedling

LIU Xin', SUN Songlin*?", XIAO Mingtao>?", TAN Yanhong*, HONG Rongdong*?

(1.College of Engineering, Hunan Agricultural University, Changsha 410128, China; 2.Hunan Provincial Engineering
Technology Research Center for Modern Agricultural Equipment, Changsha 410128, China)

Abstract: In order to solve the problem of potted—seedling damage and uniform in row spacing for 2ZP-10 rice
potted—seedling throwing machine, a flexible clamping and pulling device was designed to replace the original clamping
seedling device. The device is mainly composed of seedling conveyor belt, flexible timing belt holder, seedling tray
recovery device and bowl seedlings to undertake conveyor belt four parts. The seedlings was pulled out from the bowl
under the action of the force produced by slightly deformation of flexible material on the synchronous belt. In the
self-made rice potted—seedling flexible clamping and pulling device, the single factor and orthogonal experiments are
carried out by using Shenliangyou5814 rice as the test materials. The factors that influence the injury rate of seedling
included the leakage rate of seedling, and the qualified rate of seedling spacing including the clamping gap, clamping
flexible material, and lifting angle. The results show that clamping gap had the biggest influence on the injury rate of
seedling, the leakage rate of seedling, and the qualified rate of seedling spacing, followed by clamping flexible material
and lifting angle. When the clamping gap is 0 mm, the clamping flexible material is sponge and the lifting angle is 30°,
the injury rate of seedling, the leakage rate of seedling, and the qualified rate of seedling spacing are 2.00%, 5.00% and
91.00%, respectively. It is the combination to achieve the best performance for the operation of flexible clamping and
pulling rice seedlings.
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Fig.1 Structure diagriam of lexible clamping and pulling device

for rice potted—seedling
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Fig.2 Rice seedling stress diagram



326 ( ) http://xb.hunau.edu.cn 2017 6
E,=F= LB =k [14-15] 0.08 m/s
F=h+Fh @ 1) 0 mm
P, =P, =kAx

20 15° 30° 45° 60° 75°
) ( 1 )
F =2f,kAx ) 2)
O] [10] 1
2/kAx =G+ fPcos(0-5)+ @) 0mm 05 0.25 0
Esin(0-5)-F,cosd ~0.25 -0.5mm 3)
P i O 3
3
3.2 ZHEARE
12 Ax k
e L9(34) [16]
Ax
1
0 mm
F1 RBEERRAKF
Table 1 Factors and levels of the experiment
fz k /mm A°)
1 -0.25 30
2 0.00 45
3 @il 3 0.25 60
3.1 M 3.3 @WRESM
5814
3.3.1 RREFXILLER
20 133.48 mm
45 mm 2
0.70 mm 0.34 mm 3
15°~45°
3.2 KRt 45075
[11-13]
35°~60°
- 100 BEfiE O dRkE B RIEARE
(GB/T20864—2007) o |
60 |
40 |
20 |
r Y, o Ll o ot -
15° 30° 45° 60° 75°
T )
El3 TREEHAMNRERGRMERERRERIESEE
391 35‘ '?1,«3&‘3’;} Fig.3 The injury rate of seedling, the leakage rate of seedling and the

qualified rate of seedling with different lifting angle
2)
4 0.5~0



43 3 327
mm 0 mm
0 0.5~ -0.25 =
100 L Beddifid  ORRE B HREEAHKE
mm -0.25
80 |
mm 0.25 60 L
mm 40 |
0.25 mm 2 |
-0.25~0.25 mm 0 ' '
AN
£ - TR
B O iR B RIS KRR -
100 B 5 AREIFFRMEMRIBBERGENRRERBSA
80 t HRIEATRE
60 | Fig.5 The injury rate of seedling, the leakage rate of seedling and the
40 | qualified rate of seedling with different flexible material
20 |
0 - . § 3.3.2 IEZUREZER
-0.50 -0.25 0 0.25 0.50
/mm 2
4 AR FEFFE BEE R E IR G BRI E R
EHREESHEE
Fig.4 The injury rate of seedling, the leakage rate of seedling and the
o
qualified rate of seedling with different clamping gap 0.25 mm 30
3)
-0.25
5
mm 45°
0 mm 45°
F2 EXHRBHER
Table 2 The results of orthogonal test
/mm 1(°) 1% 1% 1%
1 -0.25 30 10.00 1.00 94.00
2 0.00 45 5.00 6.25 90.75
3 0.25 60 3.75 8.75 86.25
4 -0.25 45 2.75 0.00 97.50
5 0.00 60 3.75 3.00 94.50
6 0.25 30 2.00 6.25 91.75
7 -0.25 60 3.00 0.00 98.00
8 0.00 30 2.00 5.00 91.00
9 0.25 45 1.50 6.25 90.80
K 18.75 16.75 14.00
K 8.50 9.75 10.25
K3 6.50 7.25 9.50
4.08 3.16 1.25
K 16.00 1.00 12.25
K, 9.25 14.25 12.50
K3 11.25 21.25 11.75
1.58 6.75 0.25
K 271.00 289.50 276.75
K 283.75 276.25 279.05
K3 297.80 268.80 278.75
4.25 6.90 0.76
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Table 3 Variance of the injury rate of seedling, the leakage rate of seedling and the qualified rate of seedling performance indexes
SS DF MS F
28.792 2 14.396 13.683 *
16.167 2 8.083 7.683 *
3.875 2 1.938 1.842
4.542 2 2.271
8.417 4 2.104
8.014 2 4.007 7.303 *
70.510 2 35.257 64.266 *x
0.097 2 0.049 0.088
2.097 2 1.019
2.194 4 0.549
28.401 2 14.200 7.915 *
73.284 2 36.642 20.424 *x
1.042 2 0.521 0.290
6.134 2 3.067
7.176 4 1.794
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