202141 A N A1 =S 52 % 1

doi:10.6041/j. issn. 1000-1298.2021. 01. 009
DREAMNNEBRRRERITSRE

BEERK KR HNFERE FFR FEE FEZ

(RAegel R 2E TR 2B, B /R € 150030)

R o A0 I 45 SR - ML IR Z 2 B A% ad R P I 4% S A R R 2% R AIG A n) A R AT AR SRR A R B
TR S B G A Ay B B AR T, IR 4G B R 2% AR ol EE AR R A Y SRR B GE T I R SR 2 Al R Y
FERERSHEZR R BEEE o DL DA 205 2R AR 24 R A PR 48 A5, DABR 2% %5 18] BE | 25% B 000 0 o 2w SR 5%
FORR IS R AT T R ERE IE A BUR R E , @ ST T 4% R S5 50 48 bR 1] 19 [ 9 B R0, ae B T 4% IR S PE A
FEFR B AL R AT SR . 45 SRR, MBR AL H R BE O 125 mm 3 B A R 10° B4 F 3 A 112 /min
B, B BRI EN RN 0. 65% BRA %N 96.03% , SR ESHRAL MR SHUAE LE , 5 0 0. 12 A~ F
1 BRI 0. 63 AN E 43R B BB M R DA AL B R
KGR DR, B HL; BB E; EIRE; Sk
MESKE. $226.5  XEARRE: A XEHS. 1000-1298(2021)01-0082-09  OSID; LR

Design and Test of Impurity Removal Device of Potato Receiving Hopper

LU Jinging DU Changlin LIU Zhongyuan LI Jicheng LI Zihui LI Zhongyuan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming at the problems of high potato damage rate and low impurity removal during the
impurity removal process of the potato receiving hopper impurity removal device, the kinetic analysis of
the potato impurity removal process and the condition analysis of the separation of the potato from the soil
are combined with the rotation friction of the impurity removal roller. The principle of impurity,
determines the main factors affecting the quality of potato impurity removal and the experimental value
range of each factor. Taking potato damage rate and impurity removal rate as the evaluation index, and
taking the distance of the impurity removal roller, the inclination angle of the device and the speed of the
impurity removal roller as the experimental factors, the second rotation orthogonal regression test was
carried out, and the regression mathematical model between each factor and the test index was
established. Analyzing the influence of various factors on the evaluation index and optimizing the
parameters, the results show that when the distance between the impurity removal roller is 125 mm, the
device inclination angle is 10°, and the speed of the impurity removal roller is 112 r/min, the potato
damage rate is 0.65% , the impurity removal rate is 96.03% , Compared with the hopper machine
without parameter optimization, the potato damage rate is reduced by 0. 12 percentage points, and the
impurity removal rate is increased by 0. 63 percentage points, which can better meet the requirements of
potato storage operations.
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Fig. 1 Integral structure diagrams of potato receiving
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hopper machine impurity removal device test bench
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Fig.2 Schematic of operation of impurity removal device

LR+ ZE 2. /M 3. Kb
LRI E RS FEA TR
B PR I B A R v Eh AR S R A R S R
W, R EHS IR 1 s,
F1 DREMANBREEERBETIERARASH
Tab.1 Main technical parameters of potato receiving

hopper machine impurity removal device test bench
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RAF (K x5 x ) /(mm x mm x mm) 2470 x2 462 x 1 498
WSl 71 R G AR S ML (U ) /KW (V) 5.5(380)
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R Hy IR 8 )/ MPa 8
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[ok 24 452 1) 35 1] 45 915 ]/ mm 105 ~155
Ik % 25 A0 AR R RS L/ (0) 8 ~16

2 XS

B 25 RS WL A R0 R e
ik AR (BRAS TR P SRR JESEE (NSO
FRASEAR | ik S 20 ) A 2, 495 4 21 i T 3
7R o

B3 BRoesE B A A
Fig.3 Structure diagram of impurity removal device
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Fig.4  Structural diagram of impurity removing roller
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Tab.2 Test results of impurity removal quality with

different numbers of impurity removal roller groups

PR AR G L K PRk /% 1% 3/ %
4 85.8 0.63
5 91.3 0. 68
6 94.7 0.74
7 94.9 0.82
8 95.0 0.93
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Fig.5 Analysis of potato lateral stress
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Fig.8 Analysis of potato longitudinal force
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Tab.3 Experimental factors and codes

it B 2% it 1] i e SR ] I A L e
%, /mm %,/ (°) %3/ (remin =)
1.682 155.0 16. 00 120. 00
1 144.9 14.38 107. 84
0 130.0 12. 00 90. 00
-1 115.1 9.62 72.16
-1.682 105.0 8.00 60. 00

x4 HBARSER

Tab.4 Test plan and experimental data

o AL & R RAE
T x,/mm %,/(°)  xy/(remin~") n/ % &/ %
1 115.1 9.62 72.16 0.55 94. 40
2 144.9 9.62 72.16 0.63 95.95
3 115.1 14.38 72.16 0.53 93. 85
4 144.9 14.38 72. 16 0.96 94.90
5 115.1 9.62 107. 84 0.93 95.00
6 144.9 9.62 107. 84 1.08 96. 30
7 115.1 14. 38 107. 84 0.96 94.70
8 144.9 14. 38 107. 84 1. 16 97.20
9 105.0 12. 00 90. 00 0.58 94. 00
10 155.0 12. 00 90. 00 0. 86 96. 54
11 130.0 8. 00 90. 00 0.70 96. 10
12 130.0 16. 00 90. 00 0.95 95.20
13 130.0 12. 00 60. 00 0.56 94.50
14 130. 0 12. 00 120. 00 1.20 95.70
15 130.0 12. 00 90. 00 0.99 96. 30
16 130.0 12. 00 90. 00 1.02 96. 40
17 130.0 12. 00 90. 00 1. 10 96. 70
18 130.0 12. 00 90. 00 0.98 95. 80
19 130.0 12. 00 90. 00 0.97 96. 20
20 130.0 12. 00 90. 00 0.90 95.90
21 130.0 12. 00 90. 00 1. 01 96. 30
22 130.0 12. 00 90. 00 0.94 96. 05
23 130.0 12. 00 90. 00 1. 06 96. 50
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=24
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BAFAF 225 IR R 5 584 m 520 B 18] 09 75
Y, = —=7.571 37 +0.091 726x, +
0.052 821x, +0. 027 517x, +
0.001 414 21x,x, —0. 000 392 847x; —
0.008 783 1x; —0. 000 095 032 8x;  (23)
Xof A 3 Y 1m0 5 # 2 (23) AT R ARG By, 45
WS FR, T P=0.3702, Rg & (P>0.1),
UE B 5 ARV, AN A7 78 oAt 52 i 3 36 8 b 1 2
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Tab.5 Variance analysis of potato injury rate

25 5K F I A f )y ¥ P
i 0.85/0. 84 9/7 0.095/0. 12 23.24/29. 56 <0.0001 " /<0.000 1"
X 0.13/0.13 1/1 0.13/0.13 31.82/31.80 <0.0001 ™" /<0.0001 "™
X, 0.052/0. 052 1/1 0.052/0. 052 12.69/12. 68 0.003 5" /0. 002 8 ***
X3 0.47/0.47 1/1 0.47/0.47 115.57/115. 48 <0.0001 ™" /<0.0001 ™"
X%, 0.02/0. 02 1/1 0.02/0. 02 4.91/4.90 0.0452 /0.0427 "

X X3 0.003 2 1 0.003 2 0.79 0.3917

Xy 25 0. 005 1 0. 005 1.23 0.288 1

xf 0.12/0.12 1/1 0.12/0.12 29.38/29.35 0.000 1" /<0.000 1"
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Tab.6 Variance analysis of potato impurity removal rate
7 S R IR -5 Al B ih Y77 F P
(X 17.44/17.2 9/1 1.94/2.46 21.45/26.03 <0.0001 " /<0.0001 "™
X 8.34/8. 34 1/1 8.34/8.34 92.30/88. 35 <0.0001 "™ /<0.0001 "™
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x 2.57/2.57 1/1 2.57/2.57 28.45/27.24 0.000 1 *** /0.000 1 ***
= 1.17/1.42 13/15 0.09/0. 094
g4 & 0.52/0.76 5/7 0.10/0. 11 1.25/1.31 0.3694/0.3532
syl 18.62/18. 62 22/22
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Fig. 12 Response surface of two factors affecting impurity removal rate and potato damage rate
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