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Abstract

In this paper, to simulate mechanical stress oncthiter bar of the harvesting combine during

cutting of wheat stems, first, shearing strengtlthef stems was measured for various moisture
content levels and cutting heights. After that ¢héter bar of combine was simulated by Abaqus
with the specified conditions. The results of theudation showed that with increase in moisture

content of stem, shear stress on the blade isasedeup to 18% due to the viscous damping
effect of the moisture of stem. On the other havith increase in cutting height, shear stress on
the blade is decreased up to 12% because of thenatation of less mature fibers at the lower

levels of stems.
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1. Introduction

The combine harvester is a machine that harvests; girops. The name derives from its
combining three separate operations comprisingdsting-reaping, threshing, and winnowing-
into a single process. Combine harvesters are értaeomost economically important labor
saving inventions, significantly reducing the fiaot of the population that must be engaged in
agriculture. The cutter bar of the various combinased between 800 and1100 strokes per
minutes.

Increasing interest in harvesting and commerciad af wheat has prompted the need for
engineering data on straw properties. Most studreshe mechanical properties of plants have
been done during their development using failuieeria (force, stress and energy) and the
Young’s modulus [1, 2]. The physical propertiegha cellular material are important for cutting,
compression, tension, bending, density and frickgym].

Persson [5] reviewed several studies on the cuipgpd and concluded that cutting power is
only slightly affected by cutting speed between21572 m &. Majumdar and Dutta [6] studied
the required shearing energy for two varietiesad and a variety of wheat in cutting speeds and
edge angle by using a Pendulum type impact shedenge. Analysis of the data showed that
the effects of crop type and edge angles on shgeanergy were significant. Kushwaha et al. [7]
reported mean values of shearing strength of wkeatv from 8.6 to 13 MPa with some
dependence on moisture content. Other workers Ina@&sured the energy require to shear
materials. O’'Dogherty et al. [8] showed mean valuesthe range of 5.4-8.5 MPa by
Measurement of the shearing strength of six vaseti wheat straw.
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Chen et al. [9] conducted laboratory experimentswiting hemp using a sickle knife section and
a counter shear to determine the mechanical piepest the stems. The results showed that the
cutting force and energy were significantly greatea higher moisture content and specific mass
of hemp stem.Some physical and mechanical propediealfalfa stems were presented by
Galedar et al. [10].in this research, The experisievere conducted at four moisture content
levels from 10% w.b. to 80% w.b. and at three lewgd the stem. At all levels along the stem,
moisture contents were less than 40% w.b. did mgifcantly influence major and minor
diameters, thickness, cross-sectional area, sanoneent and polar moment of area.

Tabatabaee and Borgheie [11] measured the cutinog for rice stems, therefore, was measured
by designing and fabricating a static and dynarhieas test apparatus. The effects of moisture
levels and the cross sectional area of stem asawéelie variety, blade bevel angle, blade type and
cutting speed on shearing strength have been dgdluBhe results indicated that the cutting

force increased with an increase in the crossaealtiarea and decreased with an increase in
moisture content.

In this research, biomechanical properties of whsam were measured to determine the
mechanical stress on cutter bar of a combine. Th&imum stress on the cutter bar was
determined for 15%, 25%, 35% and 45% moisture castef wheat stem and three cutting
height (100, 200 and 300mm).

2. Materialsand methods

2.1 Measuring the moisture content of the wheat stems

To determine the average moisture content of theatvistems on the date of the test, the
specimens gathered from the field were weigheddaied! at 103°C for 24 h in the oven and then
reweighed according to ASAE S358.2 DEC98 [12]. Afso reaching the target moisture
contents (15%, 25%, 35% and 45%) the samples \weretested by successive weighing. Three
internodes of the wheat stems, namely, lower, midahd upper internodes (100, 200 and
300mm) were studied in this research.

2.2 Measuring the shear strength of the wheat stems

In order to determine the shearing force of wheahs, an experimental shearing apparatus with
a commercial single sickle knife section and a teushear were used as the double shear test.
This simulated a single edge cutting process aéciprocating knife of the cutter bar under a
constant speed of 200 mm njnwith a Hounsfield universal testing machine (Feg) under a
load cell 5 kN. Shearing strength of the stem waterthined by dividing the shearing force into
two section areas of the stem sides as Eq. (1).

- F
oA (1)

Wherets, F andA are Shearing strength, Maximum shearing forceymades Surface Area of
stem respectively.

Is
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Figure 1. Schematic of shear test machine

2.3 Mechanical properties of the cutter bar material

In this research, it was considered that the bladerot rust so according to the standard [13],
X38CrMoV15 (stainless steel) as material of thetesubar was selected. Table (1) shows
mechanical properties of this material. Also Paissoatio was considered 0.3 in this research.

Table 1. mechanical properties of X38CrMoV15
Tensile Strength, Ultimate (MPa) Modulus of Elasticity(GPa)
900 221

2.4 Determination of mechanical stress on cutter bar

In this research, the cutter bar was modeled ingbasoftware. To simulate the cutter bar first,

3D drawing of the cutter bar was input to the safev After that the mechanical properties of the
material of the cutter bar was specified in thevgafe. According to movement of the cutter bar

Dynamic, Implicit mode was considered. Surfacetioacwas also selected as the type load the
cutter bar and 3 rifswas considered as the movement speed of the baitét4].

3. Results and Discussion

3.1 Mechanical parameters of wheat stem
According to the results, mean values of shearirepgth of wheat stem for 15%, 25%, 35% and
45% moisture contents were shown in Table 2:

Table 2. Shear strength of wheat stem for variooisture contents

Shear strength (MPa) Moisture content (%)

3.25 15
3.57 25
3.69 35
3.86 45
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According to the results, mean values of sheangtheof wheat stem for three cutting height
(100, 200 and 300 mm) were shown in Table 3:

Table3. Shear strength of wheat stem for variottinguheight

Shear strength (MPa) Cutting height(mm)
3.80 100
3.62 200
3.35 300

3.2 Mechanical stress on cutter bar for various moisture contents
Figures 2-5 show Mechanical stress on cutter rardnous moisture contents of stem.

S, Mises

(Avg: 75%)
+2.353e+07
+2.157e+07
+1.961e+07
+1.765e+07
+1.569e+07
+1.373e+07
+1.177e+07

+9.806e+06
+7.845e+06
+5.885e+06
+3.924e+06
+1.963e+06
+2.573e+03

isliezz-afiananiodt  Abaquz!Standad B:10-1  Tue Nay 11 10:13:14 [tan Slandad Time 2014,

“. g Glep Blepd

Figure2. Stress contour of cutter bar for 15% nuoéstontent condition
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S, Mises

(Avg: 75%)
+2.585e+07
+2.36%e+07
+2.154e+07
+1.93%+07
+1.723e+07
+1.508e+07
+1.293e+07
+1.077e+07
+8.618e+06
+6.464e+06
+4.310e+06
+2.157e+06
+2.827e+03

AB-1  Tue Nav 11 104751 1

Figure3. Stress contour of cutter bar for 25% nuoéstontent condition

S, Mises

(Avg: 75%)
+2.672e+07
+2.449e+07
+2.226e+07
+2.004e+07
+1.781e+07
+1.559e+07
+1.336e+07

+1.113e+07
+8.908e+06
+6.681le+06
+4.455e+06
+2.229%e+06
+2.922e+03

adl HbequsSisngaid 6,101 Tue Hov 11 10649:17 [an Siangara Time 2014

51



Anti-swing Fuzzy Controller Design for a 3D OverHe@rane ...............coovieiii i, , pp.57-66

S, Mises
(Avg: 75%)
+2.795e+07
L] +2562e+07
ur Options +2,329e+07
+2.096e+07
+1.863e+07
== 1+1.630e+07
B +1.398e+07
+1.165e+07
+9,318e+06

+6.98%+06
+4.661e+06
+2.332e+06
+3.056e+03

Figure5. Stress contour of cutter bar for 45% nuoéstontent condition

According to the Figures 2-5 the maximum stresswter bar is 23.53, 25.85, 26.72 and 27.95
MPa and the minimum stress on cutter bar is 2.82,2.92 and 3.05 MPa for 15%, 25%, 35%
and 45% moisture contents respectively.

Figures 6 and 7 show the mean valueshef maximum and minimum stress on cutter bar for
15%, 25%, 35% and 45% moisture contents.

28.00
27.00 -
26.00
25.00
24.00
23.00
22.00
21.00 -
20.00

Maximum stress on cutter bal (vipa)

15 25 3s 45
Moisture content (%%)

Figure6. Mean values tfie maximunstress on cutter béor 15%, 25%, 35% and 45% moisture contents
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2.6

Minimum stress on cutter bai (mpa)
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Figure7. Mean values ¢tie minimumstress on cutter béor 15%, 25%, 35% and 45% moisture contents

The results are obtained with an increase in m@stontent, the shear strength increases by
18.8%. Also with an approximately 30% increase inisture content, mean value of the
maximum stress on cutter bar increases from 2225179 MPa. But the position of cutter bar
that the maximum stress happens on is same. Trmbjmseason for increasing the stress on
cutter bar is the viscous damping effect of mosstaind secreted substances in the stems which
cause higher shear strength [9].

3.2 Mechanical stress on cutter bar for various cutting heights of stem
Figure 8-10 show Mechanical stress on cutter bavddous cutting heights of stem

S, Mises

(Avg: 75%)
+2.751e+07
+2.522e+07
+2.2932+07
+2.064e+07
+1.834e+07
+1.605e+07
+1.3762+07

+1.147e+07/
+9.173e+06
+6.881e+06
+4.588e+06
+2.296e+06
+3.009e+03

a18-610:1 - Tue Nov 13 10:50: 26 lian Slangard Time 2014

Figure8. Stress contour of cutter bar for 100 mitiroy heights
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S, Mises

(Avg: 75%)
+2.621e+07
+2.403e+07
+2.184e+07
+1.966e+07
+1.747e+07
+1.529e+07
+1.311e+07
+1.092e+07
+8.739e+06
+6.555e+06
+4.371e+06
+2.187e+06
+2.866e+03

B2

Figure9. Stress contour of cutter bar for 200 mitiroy heights

S, Mises

(Avg: 75%)
+2.426e+07
+2.223e+07
+2.021e+07
+1.81%+07
+1.617e+07
+1.415e+07
+1.213e+07

+1.011e+07
+8.087e+06
+6.066e+06
+4.045e+06
+2.024e+06
+2.652e+03

bagus/Slandad 6101  Tus Nav 11 105612 Tian Slandaid Time 2014

Figure10. Stress contour of cutter bar for 300 rattireg heights

According to the Figures 8-10 the maximum stressudter bar is 27.51, 26.21 and 24.26 MPa
and the minimum stress on cutter bar is 3, 2.862268 MPa for 100, 200 and 300mm cutting
height respectively.

Figures 11 and 12 show the mean valueth®fmaximum and minimum stress on cutter bar for
100, 200 and 300 cutting height.
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Figurell. Mean values tfie maximunstress on cutter bar for 100, 200 and 300 mm gutteight
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Figurel2. Mean values tfie minimumstress on cutter bar for 100, 200 and 300 mm quttgight

According to the results, the stress on cutter deoreases up to 12% while cutting height
increases. It could be due to the accumulatioesgdr mature fibres in the stem that causes lower

shear strength [15].

4. Conclusions
- The results are obtained with an increase in m@stantent, the shear strength increases by

18.8%.

- With an approximately 30% increase in moisture enofjtmean value of the maximum stress
on cutter bar increases from 22.55 to 26.79 MPa.

- The stress on cutter bar decreases up to 12% whbiteng height increases due to the
accumulation of lesser mature fibres in the stem.
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