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Laying mechanism and experiment of industrial hemp windrower
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Abstract; Aimed at the problems such as blockage and poor laying quality of the industrial hemp windrower,
the mechanisms of how the traveling speed and hemp-throwing speed affected the laying angle were studied.
Through theoretical analysis and calculation, the theoretical formula of the laying angle and the conditions for the
plants not to topple towards the cutting platform were obtained: when the traveling speed was 3 km + h™", and the
theoretical hemp-throwing speed =149.59 r - min~'. Obtained through MATLAB simulation analysis that when the
hemp-throwing rotational speed was constant, the laying angle decreased as the traveling speed increased, and the
lower the hemp-throwing rotational speed was, the faster the decreasing rate; when the traveling speed was con-
stant, the laying angle increased as the hemp-throwing rotational speed increased, and the higher the traveling
speed was, the faster the increasing rate. Through field experiments, it was obtained that the relative error between
the theoretical laying angle and the experimental laying angle was within the 5% confidence interval, which verified

that the correction coefficient £=0.9 was reliable. The optimal parameter combination was obtained ; the hemp-thro-
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wing rotational speed was 306.90 r + min”', and the traveling speed was 5.73 km - h™'. Under this parameter com-

bination, the hemp stalk laying angle, angle difference, and root difference were 89.44°, 7.66°,

and 20.47 mm.

Based on the optimal parameter combination, the rotating speed and driving speed of the hemp cutting and paving

machine were adjusted to 306 r - min~' and 5.7 km + h™" | respectively, for field test verification. The measured in-

dustrial hemp laying angle was 88.6°, the angle difference was 7.9°, and the root difference was 20.78 mm, and

their relative errors were all less than 5%. The results of the field tests showed that the theoretical formula of the

laying angle was reliable and could provide a theoretical reference for the mechanized harvesting of industrial hemp

in China.

Keywords: industrial hemp harvest; windrower; laying mechanism; laying angle
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Fig.1 Straw movement during conveyance
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Fig.2  Force condition of the straw during conveying
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Table 1  Field survey of hemp planting base in Keshan County
5 i . 2
KR b3t B n ffan RWRRe G o/ ()
. X . e . R R Planting density
Cannabis variety Cultivation method Plant height Diameter Mass per plant Row spacing I
/(plant + m™)
N = T
TR 1 5 BLERE IS 3050 1 16.1 12 203

Hanma No.l  Mechanical drilling-sowing in rows
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Table 2 Central composite design factor-level table
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Table 4 Comparison of test results and

hemp throwing speed theoretical laying angles
-3 250 4.5 FAJRREEE
-1 300 5.5 Rotational 1743 XIS HHUN BEHTIUA FERiR2E
0 325 6.0 ia=: speed of Traveling Experimental Theoretical Relati
1 350 6.5 Number hemp speed  laying angle laying angle © a/“b/;
3 400 7.5 throwing /(km -h™')  /(°) /(%) e
/(r+min")
x3 HOAESRITRBER
. . . 1 350 6.5 875 88.84 1.53
Table 3  Central composite design experimental results
o Nember A 5 p p p 2 35 60 %05 88.93 173
1 1 1 87.5 9 22 3 300 55 88.0 89.04 1.18
2 0 0 90:5 6 20 4 325 75 81.0 85.03 4.98
3 -1 -1 88.0 9 22
4 0 3 810 3 0 5 325 45 89.5 92.75 363
5 0 -3 89.5 8 21 6 325 6.0 90.0 88.93 1.19
6 0 0 90.0 6 20 7 325 6.0 92.0 88.93 3.34
7 0 0 92.0 5 16 8 250 6.0 80.5 84.24 4.65
8 -3 0 80.5 18 38 9 400 6.0 87.0 91.80 432
190 31 (]) 22 '(5) 190 ig 10 300 65 86.5 86.23 031
’ 11 X . . 1.7
1 0 90.5 7 19 325 6.0 90.5 88.93 3
12 1 ~1 93.0 5 19 12 350 55 93.0 91.22 191
13 0 0 91.0 5 18 13 325 6.0 91.0 88.93 2.27
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Table 5 Variance analysis of regression

model for laying angle
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Table 6 Variance analysis of regression

T
min

model for angle difference

ST I A ¥J5
- Sum of  Degrees of Mean F P
Source
squares freedom square
T T
s 171.10 5 34.22 57.49 <0.0001
Model
A 36.92 1 36.92 62.02 0.0001
B 48.01 1 48.01 80.66 <0.0001
AB 4.00 1 4.00 6.72 0.0358
A? 60.13 1 60.13 101.02 <0.0001
B2 42.73 1 42.73 71.78 <0.0001
Residual 4.17 7 0.60
S
Lack of fit 1.87 3 0.62 1.08 0.4518
N
2 2.30 4 0.58
Error
4
MAL 9507 12

Total

PR AmE )
S Sum of Degrees Mean F P
Source
squares  of freedom  square
A
158.66 5 31.73 33.80 < 0.0001
Model
A 46.55 1 46.55 49.58 0.0002
B 18.18 1 18.18 19.37 0.0032
AB 2.25 1 2.25 2.40 0.1655
A? 81.70 1 81.70 87.03 < 0.0001
B? 28.99 1 28.99 30.88 0.0009
5%
Residual 6.57 7 0.94
y
KA . 3.77 3 1.26 1.80 0.2873
Lack of fit
pe 2.80 4 0.70
Error
i}
:”‘*ﬂ 165.23 12
Total
F7 REREFFERTESH
Table 7 Variance analysis of regression
model for root difference
SR FIOrA HEEE ¥y
8 Sum of Degrees Mean F P
Source N
squares  of freedom  square
SR
R 443.50 5 88.70 35.63 <0.0001
Model
A 88.00 1 88.00 35.35 0.0006
B 76.41 1 76.41 30.70 0.0009
AB 1.00 1 1.00 0.40 0.5463
A? 250.77 1 250.77 100.75 < 0.0001
B? 83.47 1 83.47 33.53 0.0007
W7
Residual 17.42 7 2.49
KA
Lack of fit 6.22 3 2.07 0.74 0.5806
PR 50 4 2.80
Error
pav il
Total 460.92 12
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Table 8 Comparison of theoretical optimization and

experimental validation results

| BRCRIE v,/ (°) FEZ y,/(°) M2 yy/mm

Ttem Laying angle  Angle difference  Root difference
BLIAN ()
Theoretical value 89.44 7.66 20.47
IREE
Calculated value 88.60 7.90 20.78
AHRFER2E/ %o

0.95 3.04 1.49

Relative error
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