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Analysis and Experiment of Potato Damage in Process
of Lifting and Separating Potato Excavator

LU Jinqing YANG Xiaohan LU Yining LI Zihui LI Jicheng DU Changlin
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming at the serious mechanical damage of potato tuber during the lifting process of potato
excavator, through the kinematic analysis of potato lifting process and the energy analysis method of
potato and bar collision process, through the establishment of the mathematical model of damage energy in
the process of lifting and separating, the main factors influencing the mechanical damage of potato during
the lifting process are the drop height, lifting chain speed and the angle of the lifting chain. At the same
time, the range of test values of main factors is determined. Taking the damage comprehensive index and
the injury rate of potato as the evaluation index, taking the drop height, the inclination angle of the
secondary lifting chain and the linear speed of the secondary lifting chain as the experimental factors, the
quadratic orthogonal rotation regression test was carried out. The regression mathematical model between
each index and factor was established, and the influence rule of each factor on the evaluation index was
analyzed. Accorlng to the regression model, the parameters were optimized. When the linear speed of the
lifting chain is 1. 42 m/s, the Ip angle is 27° and the drop height is 220 mm, the damage comprehensive
index is 0. 43, and the injury rate is 3. 6% , which is significantly lower than the mechanical damage of
potato block of potato excavator without parameter optimization, and meets the requirements of potato
harvesting.

Key words: potato; excavator; lift separation; mechanical damage; parameter optimization
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Fig. 1 Integral structure diagrams of potato mechanical

damage test-bed
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Tab.1 Main technical parameters of potato mechanical

damage test-bed
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Fig.2  Schematic of potato block movement process
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Fig.3  Analysis of movement of the first-stage

elevator chain
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Fig.4 Kinematics analysis of process of throwing

and conveying potato chips
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Fig.5 Schematic of normal loading process
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Tab.2 Experimental factors codes

it i Bk 7% v i ZRTHBHEMI T RTTIA L
x,/mm %,/ (°) x»;/(m-sfl)
1. 682 400.0 30.0 2.20
1 359.5 27.2 1.96
0 300.0 23.0 1. 60
-1 240. 5 18.8 1.24
-1.682 200.0 16.0 1. 00
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Tab.3 Test plan and experimental data

e I E R Pihsa hEx
v /mm x,/(°) a3/ (mes”') FeE 1 N/ %
1 240.5 18. 8 1.2 0.55 3.7
2 359.5 18.8 1.2 0. 80 6.8
3 240.5 27.2 1.2 0.26 2.6
4 359.5 27.2 1.2 0. 80 4.7
5 240.5 18. 8 2.0 0. 65 4.7
6 359.5 18.8 2.0 1. 10 7.4
7 240.5 27.2 2.0 0. 60 4.
8 359.5 27.2 2.0 1.23 9.3
9 200.0 23.0 1.6 0.39 2.9
10 400.0 23.0 1.6 1.20 8.0
11 300.0 16.0 1.6 0.95 7.1
12 300.0 30.0 1.6 0.70 5.3
13 300.0 23.0 1.0 0.53 3.9
14 300.0 23.0 2.2 0. 84 6.3
15 300.0 23.0 1.6 0.99 7.5
16 300.0 23.0 1.6 1.02 7.7
17 300.0 23.0 1.6 1.10 8.3
18 300.0 23.0 1.6 0. 88 6.6
19 300.0 23.0 1.6 0.97 7.3
20 300.0 23.0 1.6 0. 90 6.8
21 300.0 23.0 1.6 1.01 7.5
22 300.0 23.0 1.6 0.94 7.0
23 300.0 23.0 1.6 1. 06 7.9
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Tab.4 Variance analysis for damage comprehensive index

A5 5 K R - J7 #l 1 H B ¥r F P
HHE T 1.37/1.36 9/8 0.15/70.17 32.71/33.50 <0.000 1"/ <0.0001 "™
X 0.76/0.76 1/1 0.76/0.76 164.70/151. 07 <0.000 1"/ <0.0001 "™
X, 0. 029/0. 029 1/1 0. 029/0. 029 6.27/5.75 0.0264 /0.0310""
X3 0.21/0.21 1/1 0.21/0.21 45.10/41.36 <0.000 1"/ <0.0001 "
Xy %, 0.028/0. 028 1/1 0. 028/0. 028 5.94/5.45 0.029 9 /0.0349 ™
X% 0.011 1 0.011 2.26 0.156 4
Xy Xy 0.017/0.017 1/1 0.017/0.017 3.68/3.38 0.0772"/0.0873 "
x? 0.075/0. 075 1/1 0.075/0. 075 16. 15/14. 81 0.001 5 **/0. 001 8 ***
x% 0. 054/0. 054 1/1 0. 054/0. 054 11.54/10. 59 0. 004 8 /0. 005 8 ***
x§ 0.18/0.18 1/1 0.18/0.18 39.60/36. 32 0.000 1 "/ <0.000 1 ***
5k 2% 0. 060/0. 071 13/14 0. 004 645/0. 005 064
EiS 0.019/0. 030 5/6 0. 003 832/0. 004 946 0.74/0. 96 0.6124/0.5059
S 1.43/1.43 22/22

T/ R BT MRS 03 R 5 B 5 5 15 ROy 220 M 5 2 5 o TR 35 (P <0.01) 5 5+ IR L35 (0. 01 <P <0.05) 5+ FRENL

#(0.05<P<0.1), F,
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Tab.S5 Variance analysis for injury rate
A 5 o R 5 Al A i W5 F P
i Y 77.29/76. 35 9/7 8.559/10.91 24.37/29. 62 <0.000 1"/ <0.0001 "™
X 36.78/36.78 1/1 36.78/36.78 104.37/99. 88 <0.000 1"/ <0.0001 "™
X, 1.92/1.92 1/1 1.92/1.92 5.46/5.23 0.036 1 /0.037 2™
X3 11.45/11.45 1/1 11.45/11.45 32.49/31.09 <0.000 1™/ <0.000 1 "™
X, %, 0.28 1 0.28 0. 80 0.3879
X)X 0. 66 1 0. 66 1.88 0.194 0
Xy Xy 3.25/3.25 1/1 3.25/3.25 9.22/8.83 0.009 5 /0. 009 5 ***
x% 8.21/8.21 1/1 8.21/8.21 23.29/22.28 0. 000 3 /0. 000 3 ***
x§ 3.27/3.27 1/1 3.27/3.27 9.27/8.87 0.009 4 /0. 009 4 ***
x% 11.75/11.75 1/1 11.75/11.75 33.35/31.92 <0.000 1"/ <0.0001 "™
e 4.58/5.52 13/15 0.35/0.37
LN 2.12/3.06 5/7 0.42/0. 44 1.38/1.42 0.3268/0.3150
SFI 81.87/81.87 22/22
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Fig.9 Response surfaces of double parameters about damage composite index and damage potato rate
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