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Design and test of potato haulm cutter at the harvest
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Abstract; The existing machine for cutting potato haulm has some problems such as excessive cutting resist-
ance ,easy haulm entangling,and excessive fuel consumption. In order to solve these problems, a mathematical mod-
el for cutting type, speed, height and strength was established based on the principle of Box-Behnken test design
and using the cutting strength of potato haulm as an indicator. The results showed that the cutting type and height
had very significant effects on the cutting strength of potato haulm (P<0.001). The cutting speed also had signifi-
cant influence on the cutting strength ( P<0.05). This paper established a logarithmic spiral equation to further op-
timize saw-tooth blade. We designed a special equal slide-cutting angel saw-tooth blade for cutting potato haulm.The
experiment of cutting and crushing potato haulm during harvest stage was carried out and compared with reference
indexes. The results showed that under the same cutting conditions the qualified crush rate was increased by 16.7%
and the rate of tuber-pullout was 0.15% compared with the ordinary blade and the stubble height was 45 mm. The
stress was uniform in the process of removing haulm. The new design significantly reduced the fuel consumption and
improved the cutting efficiency. This research has important significance in improving the performance of cutting
machine for potato haulm.
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Table 1 Parameters of potato haulm

- - = ) M2
WASE Rkl RUME oy s
. .. Standard
Parameter Maximum Minimum Average .
deviation
e
ESRRE/mm e, 5 36.9 87.2 2.46
Main stem height
43 B/ mm
Branch height 69.3 25.8 54.2 1.78
N
EZEE/mm 11.9 6.3 8.1 1.62
Main stem diameter
42
SPRLEL R/ mm 7.3 4.9 5.8 1.4

Branch diameter

LR 2. M L1205 3. T B He 4 11 7T )
5.9 H ;6. 2T HEL 7 I 5 8. RS AR
1. Linear guide;2. Force sensor;3. Tool jig;4. Cutting blade;
5. Jig;6. Scram button ;7. Control button;8. Base
1 CMT2502 B A 2K B4l
Fig.1 CMT2502 mechanics testing machine
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Table 2 Coding of test factors and levels

KP4 F# Factors
Level - prigrst G0/ (- min™!) SFIEEIE/mm
codes Cutting type Cutting speed Cutting height
-1 TjﬁWfﬁ] 350 50
Cross cutting
1EHY
Vertical slide cutting 400 100
BHEE
FHE] 450 150

Slanting slide cutting
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Table 3  Test design and results of response surface
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Table 4 Variance analysis of regression equation
Jr K A it ¥y F fi WBEKT P
Source of error Sum of squares  Degree of freedom Mean square F value Significance level P
i 7
IE]U]@J}J_ 2.81 9 0.31 19.14 0.0004
Regression model
X, 0.50 1 0.50 30.60 0.0009
X, 0.14 1 0.14 8.60 0.0220
X5 0.32 1 0.32 19.58 0.0031
XXy 7.225%107° 1 7.225%107? 0.44 0.5274
XX, 0.016 1 0.016 0.96 0.3607
X, X5 0.065 1 0.065 3.98 0.0863
X 0.063 1 0.063 3.85 0.0905
Xn 2.132x107° 1 2.132x1073 1.305x1073 0.9722
X3, 1.66 1 1.66 101.38 <0.0001
%2 Residual 0.11 7 0.016 — —
KA Lack of fit 0.11 3 0.038 1905.00 <0.0001
4R 22 Pure error 8.000x107 4 2.000x107° — —
AT Sum 2.93 16 — — —
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Fig.3 Impact of different cutting types and cutting

speeds on cutting strength
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Fig.4 Impact of different cutting heights and cutting

speeds on cutting strength
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Fig.5 Impact of different cutting heights and cutting
types on cutting strength
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Fig.6 Equal slide cutting angle curve of saw-tooth blade
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Fig.7 Saw-tooth type blade of equal slide-cutting angle
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Table 5 Comparison of test results and reference indexes
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