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Design and Experiment of Non-stop Unloading Device for Bagging
Potato Combine Harvester
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Abstract: In order to solve the problem of low efficiency caused by stoppage unloading during field
operation of bagging potato combine, a non-stoppage unloading device was designed. The device can
switch between caching and bagging status, and achieve non-stop unloading during the machine operation
process. The expression of the maximum contact stress during the collision between potato and potato box
was derived by using Hertz contact theory, and the key factors affecting the contact stress were obtained.
An analysis was conducted on the unloading process of the unloading device, and the size parameters of
the unloading device were determined. Three possible motion directions of the potato after collision with
the wall of the box were analyzed by the velocity vector diagram. Based on the principle of kinematics,
the trajectory and velocity expression of potato in the falling process were defined, and the key factors
affecting the potato speed were obtained. In order to determine the best structural parameters of the box,
Box — Benhnken test method was used to carry out three-factor and three-level tests on the device with
wall angle, conveyor belt speed and box wall length as test factors and potato peel breakage rate and
potato damage rate as test indexes. Analysis of variance was performed on the test results through Design-
Expert 11. 1. O software to identify the factors that had a significant impact on the experimental indicators,
and the rule of influence of experimental interaction factors on test indicators was analyzed through
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response surface tests, and the optimal structural parameters were obtained. On this basis, experimental

verification was carried out, and field comparison experiments were conducted. The bench test showed

that when the wall angle of the potato box was 44°, the sorting and conveying chain speed was 0. 44 m/s,

and the wall length of the potato box was 603 mm, the breaking rate was 0.96% and the damaged rate

was 0.63% . The results of field comparative experiment showed that the obtained data met the

operational requirements of the potato combine harvester and the harvesting efficiency was improved by

41.63% compared with that of shutdown unloading combine harvester.

Key words: potato combine harvester; non-stop bag unloading device; Hertz contact theory; collision

damage
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Tab.1 Structural parameters of non-stop

unloading device
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Fig.3  Structural diagram of unloading device
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Tab.2 Coding of factors
kS
gt ARG RET A R Linpe ey YE- 94 R T I i/
(*) (m-s™') mm
-1 40 0.4 560
0 50 0.6 660
1 60 0.8 760
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Tab.3 Experiment results

e IS Wepe s Mg
E 4
X, X, X, Y, /% Y,/ %
1 -1 -1 0 0.99 0.52
2 1 -1 0 1.12 0.74
3 -1 1 0 1.15 0.70
4 1 1 0 1.19 1.00
5 -1 0 -1 0.97 0.64
6 1 0 -1 1.06 0.89
7 -1 0 1 0.99 0.70
8 1 0 1 1.09 0.96
9 0 -1 -1 0.96 0.61
10 0 1 -1 1.02 0.87
11 0 -1 1 0.98 0.68
12 0 1 1 1.10 0.93
13 0 0 0 0.85 0.83
14 0 0 0 0. 88 0.81
15 0 0 0 0.85 0.83
16 0 0 0 0.84 0.81
17 0 0 0 0.87 0.82
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Y, =0. 858 +0. 045X, +0. 051 3X, +0. 018 8X, —
0.022 5X,X, +0. 135 5X; +0. 121X> +0. 036X,
(27)
Y, =0.8221+0.128 8X, +0. 118 8X, +0. 032 5X, +
0.02X,X, —0.027 2X; —-0.0522X;  (28)
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Tab.4 Variance analysis of regression equations
. WAy, iRy,

K I ERELC S Biji F SFT5 M A syl F P
A 0.1979 9 0.0220 87. 69 <0.0001™ 0.2710 9 0.0301 205. 64 <0.000 1™
X, 0.0162 1 0.0162 64. 62 <0.0001™ 0.1326 1 0.1326 905. 65 <0.0001 ™
X, 0.0210 1 0.0210 83.81 <0.0001™ 0.1128 1 0.1128 770. 43 <0.000 1™
X3 0.002 8 1 0.002 8 11.22 0.0123" 0.008 5 1 0. 008 5 57.71 0.000 1™
X\ X, 0.0020 1 0.0020 8.08 0.0250" 0.001 6 1 0.001 6 10. 93 0.0130"
X1 X5 2.5x1073 1 2.5x1073 0.0997 0.7614  2.5x107° 1 2.5x1073 0.1707 0.6918
X, X5 0. 0009 1 0. 0009 3.59 0.1000 2.5x1073 1 2.5x1073 0.1707 0.6918
Xf 0.0750 1 0.0750 299. 31 <0.0001™ 0.0032 1 0.003 2 21.75 0.0023™
X% 0.061 6 1 0.061 6 245. 88 <0.0001™ 0.0116 1 0.0116 79. 26 <0.000 1™
X2 0.005 5 1 0.005 5 21.77 0.0023 " 0. 000 1 1 0.000 1 0.7189 0.424 6
Bk 0.001 8 7 0.000 3 0.0010 7 0.000 1
PRI/ 0.0007 3 0. 000 2 0.8333 0.5413 0. 000 6 3 0. 000 2 2.08 0.2451
w2 0.001 1 4 0.000 3 0. 000 4 4 0.000 1
JE | 0.1996 16 0.2720 16

o FRESWEE(P<0.01); * FREFTBE0.01 <P<0.05),
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Fig. 11

Response surfaces for effect of factors

interaction on test indicators
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Fig. 12 Field experiment comparison
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