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Design and Experiment of Roller Group Type Potato Soil Separator
for Potato Harvester
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Abstract; Aiming at the problems of high potato damage rate, low soil removal rate, single structure and
inconvenient adjustment of the separation device of the traditional potato harvester, a left and right spiral
symmetrical soil removal roller and adjustable type made of polyurethane material were designed. The
smooth rollers were alternately arranged and combined in the potato harvester roller group conveying and
separating device. Through the dynamic analysis of the machine body structure, the coupling mechanism
analysis of potato-soil separation and the discrete analysis of the collision between potatoes in the soil
removal process, the key factors affecting the potato damage rate and soil removal rate of the roller-type
conveying and separating device of the potato harvester were determined. And it was tested, taking the
potato damage rate and soil removal rate as the test index, taking the distance between the soil removal
roller and the smooth roller, the rotation speed and the inclination angle of the conveying separation
device as the experimental factors, a mathematical regression model was established for the orthogonal test
results, and a response surface analysis was carried out. Through analysis and parametric analysis, it was
determined that when the distance between the soil removal roller and the smooth roller was 16. 5 mm, the
speed of the soil removal roller was 100 r/min, the speed of the smooth roller was 100 r/min, and the
inclination angle of the separation device was 8°, the damage potato rate was 0. 64% , and soil removal
rate was 97. 1% . Compared with the traditional potato harvester separation device, the potato damage
rate was decreased by 0. 12 percentage points, and the soil removal rate was increased by 2. 6 percentage
points. The device can meet the requirements of conveying separation.
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Fig. 1 Structure diagram of flexible separation device
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Fig.2  Operation diagram of separation device of roller
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group potato harvester
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Tab.1 Main technical parameters of flexible separation

device for roller group potato harvester

28 AN
RAF (K x % x #)/(mm x mm x mm) 1970 x 1355 x 700
& By 3K 88 TR 1/ MPa 8
W R D ik R/ (Lomin ™) 3.2
AR/ (romin ) 70 ~ 130
NeH % H/ (remin ™) 70 ~ 130
5 RN R (B BE/mm 13 ~20
Oy B A BT/ () 5~11
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Fig.3 Compressive stress — strain curves of polyurethane

elastomers and rubber materials

Fig.4  Structure diagram of soil removal roller
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Tab.2 Experimental results of influence of number of soil
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Fig.8 Analysis of potato longitudinal force
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Fig.9 Schematic of potato coordinate transformation
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Potato collision detection
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Tab.3 Statistics of collision characteristics

WA REREE WAL i
il ik YT B R )

¥/ (r-min~") (mes™") I [a] /s
130 7 23.8 5.8
118 9 20. 6 6.5
100 11 15.2 7.4
82 14 12.5 9.2
70 17 10.7 10. 4
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Fig. 12 Characteristic diagram of potato block collision
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Fig. 13 Test process of potato combine harvester prototype
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Tab.4 Experimental factors and codes

m

I by 555 6 BeEMfA X R IRADRR
[A]#E X, /mm X, /(%) X,/ (r-min~")

1. 682 20.0 11.0 130.0

1 18.6 9.8 118.0

0 16.5 8.0 100. 0

-1 14. 4 6.2 82.0
-1.682 13.0 5.0 70.0
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% A Design-Expert 11. 0 34, Xt 46 5 I 3k 47
TR AT A Z 0 LA AR B R e,
kA3 e, WIRNAT7 R, e K 30 &% U0 R 10 2
Hh.

(1) % 5500 3 5 0

TR B R T 22 TN ER 6 IR L X, X, X,
X7 X 0 T SR A B (P <0.01) 5X, X,
X Eh A AL R A S e 3, A R R X
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Tab.5 Test plan and experimental results

e % 1 % % EER
T X e 6/() X/ GeminTl) e /% oy /%
1 14. 4 6.2 82.0 0.54 93.9
2 18.6 6.2 82.0 0.62 95.1
3 14.4 9.8 82.0 0.52 93.7
4 18.6 9.8 82.0 0.97 94.8
5 14.4 6.2 118.0 0.92 94.9
6 18.6 6.2 118.0 1.04 96.2
7 14.4 9.8 118.0 0.95 94.6
8 18.6 9.8 118.0 1. 15 97. 1
9 13.0 8.0 100. 0 0.57 93.9
10 20.0 8.0 100. 0 0.86 96. 5
11 16.5 5.0 100. 0 0.69 95.9
12 165 11.0 100. 0 0.95 95.1
13 16.5 8.0 70.0 0.57 94.4
14 16.5 8.0 130. 0 1.19 95.6
15 16.5 8.0 100. 0 0.98 96.2
16 16.5 8.0 100. 0 1.01 96. 4
17 16.5 8.0 100. 0 1.09 96.6
18 16.5 8.0 100. 0 0.94 95.7
19 16.5 8.0 100. 0 0.96 96.3
20 16.5 8.0 100. 0 0.89 96. 1
21 16.5 8.0 100. 0 1.01 96.4
2 16.5 8.0 100. 0 0.93 96.2
23 16.5 8.0 100. 0 1.05 96. 5
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Tab.6 Analysis of variance of potato injury rate

ok 15 SEA O HHE ¥J7 F P
R 0.8322 9 0.0925  23.25 <0.000 1 ***
X, 0.1311 1 0.1311  32.97 <0.000 1 **
X, 0. 060 2 1 0.0602  15.14  0.001 9 **
X, 0.440 4 1 0.4404 110.73 <0.000 1 ***
X, X, 0.0253 1 0.0253  6.36  0.0255*
X, X, 0.005 5 1 0.0055 1.39 0.260 2
X, X, 0.004 5 1 0.004 5 1.13 0. 306 2
X3 0.1163 1 0.1163  29.24  0.0001 ™"
X; 0.0370 1 0.0370  9.32  0.0093**
X; 0.0116 1 0.0116  2.91 0.1117
B 0.0517 13 0. 004 0

Jeith2 0.0205 5 0. 004 1 1.05 0.4518
S 0.8839 22

T s R E (P <0.01), =+ RRWE (0.0l SP<
0.05), M,

e IVE - RSP ARNTE I8 N (R (SRR
[l J7 KA el BE JF A Bk 22 I, pl ot A5 3 4% i e A
BN A B A B R IR H O R Sy
e, = —5.46558 +0.577 316X, +0.334 62X, +
0.010 014X, +0. 014 881X, X, —
0.019 683X2 -0.015 123X3 (28)

XA J5 R iR AT R R, W3k 6 s, K4l 22
P=0.4518>0. 1, K24 0E, B LR R IH Iy
TR Lh 4% B 4 B R W B AL A, T 52 ) 5 4% S 4
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e TS el
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S e O BE IR ABR 20 Bl AT 30 A% e PR R X
B PR S ICYE N )

e, =57.96576 +2.613 43X, +0.471 217X, +

0.211 059X, —0.092 038X} —0.093 608X; —

0.001 492X (29)

XL Ty R AT R RS, W3k 7 s, 4l 22
P=0.1588>0.1,M A EE, Uil LR REHTr
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Tab.7 Variance analysis of potato soil removal rate

KR T A HE ¥ 5 F P
T 20. 17 9 2.24 21.54  <0.000 1"
X, 8.03 1 8.03 77.18  <0.000 1
X, 0.1033 1 0.1033  0.99  0.0337*
X, 3.88 1 3.88 37.27  <0.000 1 **
X, X, 0.1378 1 0.1378 1.32 0.2705
X, X, 0.300 3 1 0.3003  2.89 0.113 1
X, X, 0.1378 1 0.1378 1.32 0.2705
X3 2.54 1 2.54 24.45  0.0003 ™"
X3 1.42 1 1.42 13.65  0.0027 ™"
X2 3.61 1 3.61 34.67 <0.0001 "
B 1.35 13 0.1040
K% 0.7774 5 0.1555  2.16 0.158 8
Jegill 21.52 22
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Fig. 14  Response surfaces affected by two factors of damaged potato rate and soil removal rate
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Tab.8 Comparison test results %
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