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a

Gaussian 2
General model Gauss2:

f(x) = al*exp(-((x-bl)/c1)"2) + a2*exp(-((x-b2)/c2)"2
Coefficients (with 95% confidence bounds):

a
Gaussian 3
General model Gauss3:
fix) = al*exp(-((x-bl)c1)"2) + a2*exp(-((x-b2)/c2)"2) +
a3*exp(-((x-b3)/c3)"2)
Coefficients (with 95% confidence bounds):
al = 6.595¢+16 (-3.867¢+20, 3.868¢+20)
bl = -1029 (-1.794e+05, 1.774e+05)
cl= 177.5 (-1.512¢+04, 1.547¢+04)
a2 = 7.745e+07 (-1.993e+10, 2.008¢+10)
b2 = 1732 (-2.545e+04, 2.891e+04)
2= 382.5 (-3360, 4125)
a3=  674.1 (-1.39e+04, 1.525¢+04)
b3 = -329.1 (-4530, 3872) (]
3= 295.2 (-1098, 1689)
i 0 L
a
T =
E
> w { b
X (mm) d

al=  194.1 (148.1,240.1)
bl= 352 (295.2,408.8)
cl= 2159 (175.6,256.2)
a2= 1113 (39.57, 183.1)
b2=  113.1 (55.38,170.8)
2= 1804 (135.1,225.7) ¢
¥
b
-
€
2 a
V(n;m) d

f

o Mio Consj i calo Jolye =V SIS
Fig. 2. Construction process of the grasshopper
.biomimetic blade
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Fig. 1. Construction process of the mole cricket
biomimetic blade
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Fig. 3. The evaluated blades in this study; (a) the grasshopper biomimetic blade, (b) the mole cricket biomimetic
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Fig. 4. The maximum sharpening length of the examined blades
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Table 1- Some of the important physical properties of plant stem
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Plant Poaceae Nutsedge Alfalfa ~ Amaranthus Orach  Purslane Paddy Clover
Sges Sl 42 42 22 37 18 48 49 36
Number of samples

S 177 1.88 1.98 1.68 5.18 6.81 4.67 1.92
Large diameter (mm)
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Small diameter (mm)

Orile b8 . 1.57 171 1.93 1.62 5.74 6.63 4.46 1.82
The mean diameter (mm)

s ‘_"jlﬁ’l’ i 0.24 0.3 0.22 0.18 0.55 0.69 0.76 0.24
Variance diameter

§2)5 ard L. 0.78 0.83 0.94 0.92 0.97 0.95 0.91 0.9
Round coefficient
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Number of stems per 6 6 4 5 4 4 4 5
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Table 2- The amount of moisture content of the examined plants
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Plant Poaceae Nutsedge  Alfalfa  Amaranthus  Orach Purslane Paddy Clover
w"b’ 73.71 76.49 76.48 63.21 75.45 85.14 82.60 74.13
Moisture content
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Table 3- The shear energy required for the examined batches for different types of stems and blade

The shear energy of stem (mJ)

ols oy dade gl Slo diy [ XWESPER] o ary Sojul asy
Plant The cross section Grasshopper Mole cricket CV
of stem (mm? Flat blade Bent blade biomimetic blade  biomimetic blade
Alfalfa 2.97+0.69 664.60+91.60 614.56+91.46 503.62+66.64 447.90+70.96 19.35
Purslane 33.96+7.93 844.74+79.97 723.79+91.56 711.37+£112.71 647.30+64.76 14.29
Poaceae 1.97+0.63 727.71+138.71 460.71+182.63 336.4+31.99 345.89+124.65 43.75
Nutsedge 2.35+0.84 714.41+233.95 953.34+225.68 511.81+156.06 486.57+34.94 38.68
Orach 26.13+5.10 2410+£517.74 1700+612.387 1013.91+316.68 1002.21+276.28 53.51
Clover 2.65+0.68 733.95+149.96 667.35+56.77 524.81+53.32 473.69+115.97 20.25
Paddy 16.05+5.56 1784+533.33 1880.81+176.43 1277.44+171.15 893.73+110.32 3143
Amaranthus 2.08+0.48 586.28+84.50 575.65+100.58 371.574+53.50 416.34+35 25.18
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Table 4- The performance of the blades, the decreased energy percentage of the mole cricket and grasshopper
biomimetic blades in compare to the flat blade

oS g e @p byl gl S < S

Plant Alfalfa Clover Purslane Nutsedge Amaranthus Orach Poaceae Paddy
(1) Blo a5 & s Sl a3 2 (31 ptlS

The decreased energy percentage of the mole cricket 32.68 35.46 23.37 31.89 29.08 58.14 52.51 49.90

biomimetic blades in compare to the flat blade (%)

() Slo e & cond o i3 S 5351 2

The decreased energy percentage of the grasshopper 24.24 28.49 15.78 28.35 36.74 52.92 53.82 28.39
biomimetic blades in compare to the flat blade (%)

() 03003 4 & Comd 23] 4i3 G (551 2ol

The decreased energy percentage of the mole cricket 27.05 30.03 10.47 48.96 27.59 41.05 2481 52.46
biomimetic blades in compare to the bent blade (/)

(7) oot 425 &) o o i3 by (5551 ShalS

The decreased energy percentage of the grasshopper 17.98 22.48 1.61 46.29 35.38 40.30 26.87 32.05
biomimetic blades in compare to the bent blade (%)
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Introduction

Optimizing the energy consumption in mechanized agriculture is becoming more important due to the limited
energy sources in the world. In this regard, optimization of the cutting blades is presented in this study by
modifying the geometric form of the blade to reduce the forage cutting energy. Hence, two new blades, inspired
by the geometric profiles of front claws of mole crickets and teeth of grasshoppers were designed and built using
the biomimetic method (the method for transferring biological solutions to the engineering ones). Finally, the
new biomimetic blades were tested and compared with two other conventional blades (flat and bent blades) by
cutting 8 different types of crops and weeds.

Materials and Methods

The main idea of building one of the blades was inspired by the geometric forms of mole crickets' scissors-
like front legs and lower teeth of grasshoppers. Therefore, five adult mole crickets and five grasshoppers were
collected from a farm in Kalat-e Naderi, Khorasan Razavi Province. In the next step, different images were
captured from the front leg of mole cricket and tooth of grasshopper using the stereomicroscope (Nikon, SMZ-U,
Japan). In the next step, the images were transferred to the image analysis software (Image J) and the boundary
lines of images were selected. Then, the selected boundary lines were imported to SolidWorks software and the
points on the selected curve were extracted. The obtained points were drawn in Matlab software and several
fitting curves for the points were examined, e.g., Fourier function, Gaussian function, and polynomial function.
According to the obtained results, the Gaussian profile was selected to design the blade with the highest
correlation coefficient (R?=0.99), see Fig. 1d. To design the desired blade, a section of the Gaussian curve
between points A and B were used. Finally, the biomimetic blade of the mole cricket and grasshopper were
drawn in SolidWorks software (Fig. 1e). After designing the blades in the SolidWorks software, the biomimetic
blades were built by a CNC machine.

Results and Discussion

In all the treatments, a significant difference was observed between the biomimetic blades and the
conventional flat and bent blades according to the results of Tukey's test at the level of 5%. The obtained results
showed that there was no significant difference between the mole cricket and grasshopper blades at the level of
5% for cutting. According to the results obtained in this study, there was a significant difference at the level of
5% between the grasshopper and flat blades for cutting alfalfa, clover, amaranth, orach, and poaceae; as well as
between the grasshopper and bent blades for cutting alfalfa, clover, nutsedge, and amaranth, also between mole
cricket and flat blades for cutting alfalfa, clover, purslane, amaranth, orach, paddy, and poaceae and finally
between mole cricket and flat blades in cutting alfalfa, clover, nutsedge, amaranthus, and paddy. In this regard,
no significant difference at the level of 5% was observed between the flat and bent blades for all cutting
treatment. The batches containing 6 stems were used for cutting the soft stems with low shear stress and the
batches containing 4 stems were used for cutting thick stems with high shear stress.

Conclusions
The results obtained in this study indicated that the geometrical form of the blade has a significant influence
on the amount of required shear energy. The mole cricket biomimetic blade reduced the cutting energy compared
to the flat blade by 23.37% to 52.51% (with the mean of 39.11%) and compared to the bent blade by 10.46% to
52.46% (with the mean of 32.8%). The grasshopper biomimetic blade also reduced the cutting energy compared
to the flat blade by 15.78% to 53.82% (with the mean of 33.59%) and compared to the bent blade by 2% to
46.29% (with the mean of 27.87%). According to the results of this study, the mole cricket biomimetic blade
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showed better performance in comparison with the grasshopper biomimetic blade for cutting the plants and as a
final result could be recommended to build the plant cutting blades.
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