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Design Optimization and Experiment on Potato Haulm Cutter
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(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In recent years, with rapid growth of potato planting area, potato has become the fourth largest
food crop and the largest non-cereal food. Potato plays an important role in solving the problem of food
security in developing countries. In view of potato massive planting situation, it is very important to solve
the problem of the use of potato haulm before the harvest. At the present stage in China, the main way of
dealing with potato seedling or burning is using chemicals which leads to the increased burden on the
environment. It is a waste of resources with vine abandoned or burned, as the potato vine is rich of
nutrients, and do not meet the requirements of the sustainable development of agriculture in China.
Cutting treatment of potato haulm before the potato harvest can not only reduce the potato harvesting
machine failure rate and power consumption, but also very much conform to the agronomic requirements.
Potato machinery cut haulms can make potato tuber skin aging that can make it easier separate from vine.
After cutting haulms, potato tuber can significantly reduce the mechanical damage because of harvest,
transport and storage. So that cutting seedlings before the potato harvest has a great role in promoting to
improve the quality of potato and the potato harvest efficiency. Currently available machines for potato
haulm cutting effect is not very ideal, and there are some problems such as poor breaking length qualified
rate, high rate of tuber and soil severe adhesion in the shield, and so on. In order to solve the problems
above, this paper presented a potato haulm cutter. This article described the main structure and working
principle of the machine. The experiment was carried out with the combination design of orthogonal and

quadratic regression equation for the flail. The influence factors of field experiment included rotational
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speed of knife-cylinder, forward speed and distance between knife on ridge and ground. Evaluation
indices included break length pass rate, stubble height and the potato carrying rate. The Design — Expert
software was used to analyze and optimize the test results, and to obtain a better combination of factors.
According with the comparison with the potato professional standard validation, the superiority of this
haulm cutter was verified. Results indicated that: the performance of cutting haulm was improved because
of the design of structure parameters of flail and the shield eccentric arc structure could reduce the soil
adhesion. The field test showed that when rotational speed of knife-cylinder was 1 500 ~1 600 r/min,
forward speed was 4.5 ~ 6.0 km/h and distance between knife on ridge and ground was 50 ~52 mm,
break length pass rate was 94. 7% ~95.5% , stubble height was 56. 0 ~59. 9 mm and the potato carrying
rate was 0. 15% ~0.23% . The research provided a solution of the potato haulm cutter to soil adhesion
serious, low breaking length, qualified rate and high stubble height after cut the haulm. The study

provided a solution during cutting the potato haulm and provided the reference for further research of
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potato haulm cutter.

Key words: potato haulm cutter; optimization; field experiment
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Tab.1 Main technical parameters of haulm cutter
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Fig.2  Structure diagram of protective guard
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Fig.4 Developed view of arrangement of flail knife on rotor
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Tab.2 Experimental factors and levels

Gty T1 4R B ATHURTHER L 22 B TR 28 &
x,/(remin~") %,/ (km-h~") x3/mm

y 1 600 7.0 120

1 1548 6.6 110

0 1400 5.5 80

-1 1252 4.4 50

-y 1200 4.0 40

A, 148 1.1 30

TE B0 A AR IR BCR 3 K AR B R A P sg 2 A R
Wy R y =1.353,

x3 RBRARS5ER

Tab.3 Test plan and experimental data

R H R FIHER M
A= %,/ %3/ xy/  ERHE i
Yy/%
(remin™') (km-h~') mm FY /% Y,/mm ’

1 1548 6.6 110 92.9 115 0.11
2 1548 6.6 50 94.17 58 0.21
3 1 548 4.4 110 93.5 117 0.08
4 1 548 4.4 50 94.2 63 0.22
5 1252 6.6 110 92.3 120 0.20
6 1252 6.6 50 92.9 72 0.52
7 1252 4.4 110 89.4 122 0.16
8 1252 4.4 50 92.3 75 0.42
9 1 600 5.5 80 95.1 85 0.29
10 1 200 5.5 80 92.4 97 0.51
11 1 400 7.0 80 93.5 90 0.37
12 1400 4.0 80 92.5 91 0.29
13 1 400 5.5 120 93.7 126 0.26
14 1400 5.5 40 95.0 48 0.50
15 1 400 5.5 80 94.2 88 0.41
16 1 400 5.5 80 93.8 86 0.37
17 1400 5.5 80 94.2 86 0.41
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Tab.4 Variance analysis of pass rate for break length

RS 5 A B ¥y F P
i 7y 27.55/27.17 9/6 3.06/4.53 8.85/16.17 0.0045°""/0.0001°""
x, 12.46/12. 46 1/1 12.46/12. 46 35.99/44.49 0.0005*"*/<0.0001"**
X 1.94/1.94 1/1 1.94/1. 94 5.60/6.92 0.0499°*/0.0252* *
% 5.16/5. 16 1/1 5.16/5. 16 14.92/18. 43 0.0062°**/0.0016°*"
X%, 1.62/1.62 1/1 1.62/1.62 4.68/5.78 0.067 3% /0.0370"*
%%, 0.12 1 0.12 0.36 0. 566 8
Xy 0.18 1 0.18 0.52 0.494 2
3 1.25/1.25 1/1 1.25/1.25 3.61/4.46 0.099 1* /0. 060 8 *
2 4.75/4.75 1/1 4.75/4.75 13.72/16. 95 0.0076°**/0.0021°""
2 0.073 1 0.073 0.21 0. 660 7

S ip 2 2.32/2.69 5/8 0.35/0.28 8.69/6. 31 0.106 5/0. 1439

RE i 0.11/0. 11 2/2 0. 46/0. 34
B 29.98/29. 98 16/16 0. 053/0. 053

T RREEA MR A RERREITREREAHER Y, 7 RAEER; « « « FRWEF (P <0.01);

* % FoRPE(0.01 <P <0.05);

* FAEIE# (0.05<P<0.1). T,
RS BEREV,GTESW
Tab.5 Variance analysis for stubble height

AR SR I F-J5 A Fl bapiy F p
AL 8713.21/8707. 21 9/6 968.13/1451.20 205.19/371. 89 <0.0001"""/<0.0001" "~
% 233.99/233.99 171 233.99/233.99 49.59/59. 96 0.0002""*/<0.0001" "~
X, 15.29/15.29 1/1 15.29/15.29 3.24/3.92 0.1149/0.0759 "
X3 8322.79/8 322.79 1/1 8322.79/8 322.79 1763.95/2 132.83 <0.0001"""/<0.0001" "~
x4, 0.50 1 0.50 0.11 0.7543
X %5 32.00/32. 00 1/1 32.00/32. 00 6.78/8.20 0.0352"7/0.0169" "
Xy Xy 2.00 1 2.00 0.42 0.5358
x} 56. 64/56. 64 1/1 56. 64/56. 64 12.01/14.52 0.0105"*/0.0034" "~
x5 46. 50/46. 50 1/1 46. 50/46. 50 9.86/11.92 0.0164" " /0.0062" "~
x 3.49 1 3.49 0.74 0.4180

. EXF 30.36/36. 36 5/8 6.07/4.54 4.55/3.41 0. 189 8/0. 246 6
RE R2E 2.67/2.67 2/2 1.33/1.33
ps¥il 8 746.24/8 746. 24 16/16

1) 22 FAFE RS 18] U577 F K B Bl BE OF A5k 22 0,
M J5 FEHEAT 7 22 93 M, 85 R A3k 5 s . 15 3 & B
FOOF B AR B Y, S e ) [l FR
Y, =439. 402 86 - 0. 439 45x, —24. 606 20x, +
0.262 88x, +4.577 38 x 10 “*x,x, +
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SR, N TAOMIL R 1 I oy XA R Y
SRR 3 (P <0.01) ;28 F IR 2B & @ i —
I oy XA R Y IR R 83 (0. 01 < P <0.05) 5
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B I ORI oy XA SRV 1 B AR 3 (0. 05 <
P <0. 1) ; Frh R BMLAGT 3 BE o, | 0 5 5% o 0K B
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TI T 6 1 BE A RS TR w00, WP R Y, BSE I A B 2
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2 IE AR 22T, 100 5 PR AT O 26 00 B, S R sk 6 e
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Y, = —3.48338 +3.84625 x 10 x, +
0.725 56x, —7.521 74 x 10 *x, +
9.726 93 x 10 °x,x, —1.854 15 x 10 ] —
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Tab.6 Variance analysis for potato carrying rate

A% 5 K R RE A H B ¥io7 F P

A 0.29/0.29 9/7 0. 032/0. 041 10.59/16. 00 0.0026"*"/0.0002" " *

% 0. 082/0. 082 1/1 0. 082/0. 082 27.22/32.17 0.0012***/0.0003" "~

%) 6.170 x1073/6.170 x 10> 1/1  6.170 x 10 2 /6.170 x 10 ~* 2.05/2. 42 0.1954/0. 154 1

%3 0.11/0.11 1/1 0.11/0. 11 37.32/44. 11 0.0005***/<0.0001""*

X%y 1.800 x 10 ~* 1 1.800 x 10 ~3 0. 60 0.464 7
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Fig. 6 Results of performance test of haulm cutter
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