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Abstract: Three varieties of wheat and knife bevel angles, four levels of moisture content and three shearing
speeds of pendulum were considered to determine their effects on the shearing energy of wheat straw. Results
showed that the effects of variety, knife bevel angle, moisture content and shearing speed on shearing energy
were  significant  (P<0.01).  Shearing energy  decreased  with  decreasing  moisture  content  and  bevel angle
and  with increasing  shearing  speed.  Maximum  shearing  energy  was  obtained  with  Kohdasht variety at
0.86 MJ mm . Minimum shearing energy was obtained at knife bevel angles of 25° and 30°, while its mean value2

of 35° showed a significant difference at Duncan 5%. 
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INTRODUCTION MATERIALS AND METHODS

In  order  to  estimate  the harvest energy of each Shearing energy requirement was measured using the
crop, physical and mechanical properties of the stem pendulum method by which, shearing energy and knife
should be determined [1]. Generally, the total shearing velocity were obtained at their lowest quantities via
strength in harvest plants is an important plant theoretical calculations [9]. A pendulum impact testing
characteristic for designing harvesters like combines and apparatus was used with a commercial single sickle knife
mowers. Shearing energy of the stem indicates how much section for mowers, trapezoidal shape with 76 mm base
energy is needed to cut the stem. The lesser is the stem length and 55 mm height, smooth edge and a countershear
strength, the more optimized will be energy consumption with 0.2 mm gap as the double shear test. It consisted of
by the machine. A number of studies have been carried a heavy anvil with minimum vibration, a wooden-metallic
out to decrease shearing strength in different crops [2-4]. pendulum and a support for stem fixing. Energy and
Kushwaha et al. [5] reported mean values of shearing velocity dissipation due to frictions had to be calculated.
strength of wheat straw from 8.6 to 13.0 MPa with some Calibration was done based on the free falling impact
dependence on moisture content. Measurement of the methods [10]. Stems were cut at approximately 100 mm
shearing strength of six varieties of wheat straw by from the base to approximate the typical cutting height
O’Dogherty et al. [6] showed mean values in the range used in field harvesting operations. Angles of swinging
5.4-8.5 MPa. Ince et al. [7] stated that it was necessary to arm displacement were recorded at rotating pivot via a
determine stem physico-mechanical properties such as digital encoder connected to an indicator. The mesh-grid
bending and shearing stress and energy requirements for function was used for determining the cross sectional area
suitable knife design and operational parameters. of the stem (MATLAB Ver. 7.1). Specific shearing energy
Esehaghbeygi et al. [8] showed that the shearing stress of the stem was determined by dividing the shearing force
of Alvand wheat stems decreased as the moisture content into two section areas of the stem sides [11]. Analysis of
decreased while oblique angle and cutting height variance was performed to examine the effects of wheat
increased. varieties (Sardary, Pishtaz and Kohdasht), knife bevel



World Appl. Sci. J., 7 (9): 1120-1123, 2009

1121

angle  (25,  30  and  35  deg.),  cutting  speed (1.2, 1.8 and
2.4 m s ) and moisture content levels (45%, 35%, 25%1

and 15% w.b.) on the specific shearing energy of wheat
stems. To determine the average moisture content of the
stem on the date of the test, the specimens were weighed
and dried at 103 °C for 24 h in the oven and then
reweighed [12]. A complete randomized block design was
used in a factorial experiment with three replications using
the statistical packages MINITAB, Ver. 13.2., State
College Pennsylvania, Minitab Inc. Means were compared
using Duncan’s multiple range tests (P<0.05).

RESULTS AND DISCUSSION

The analysis of variance shows that the effects of
wheat variety, bevel angle of knives, moisture content,
cutting speed, variety vs bevel angle and variety vs
moisture content are significant on stem shearing energy
at 1% level. The maximum value of the shearing energy
was 1.73 MJ mm  for Kohdasht stems, among the three2

varieties investigated. Duncan test results in Table 1
show that the shearing energy values for Sardary,
Kohdasht and Pishtaz varieties had significant
differences at 5% confidence. This difference is due to the
differences in physical and physiological properties of
stem varieties [6, 13]. Esehaghbeygi et al. [14] reported
the same results on the effect of canola varieties on
shearing energy. Average stem diameter of Kohdasht,
Pishtaz and Sardary varieties were 8.2, 7.3 and 7.3 mm,
respectively. Due to the importance and the effect of stem
diameter on shearing energy, the higher energy in
Kohdasht variety can be expected. The large standard
deviation observed in the strength and modulus of the
wheat straw fibers shows the large variation in the
strength properties of the fibers, which is expected for
natural fibers [15]. The lower strength of mechanically
processed wheat straw fibers can be explained by the high
lignin content present and also may be due to more weak
points or flaws associated with the same fibers [16].

Considering the variance analysis table, the effect of
bevel angle on shear energy of the wheat stem was
significant (P<0.01). Duncan test results in Table 2
indicate no significant differences between shearing
energy of 30 and 35 degree bevel angles, but significant
differences between an angle of 25°, with the lowest
shearing energy and the two other angles (P<0.05). Higher
frictional strength at 30° and 35° is the main cause of this
increase in   shearing   energy   by  which  there  is  a  7%

Table 1: Comparison of variety on stem shearing energy

Variety Shearing energy (MJ mm )2

Sardary 0.70 b
Pishtaz 0.71 b
Kohdasht 0.86 a

Different letters shows significant difference, Duncan 5%a-b

Table 2: Comparison of bevel angle on stem shearing energy

Bevel angle (deg.) Shearing energy (MJ mm )2

25 0.71 b
30 0.76 a
35 0.77 a

Different letters shows significant difference, Duncan 5%a-b

Table 3: Comparison of moisture content on stem shearing energy

Moisture content (w.b.%) Shearing energy (MJ mm )2

15 0.57 d
25 0.66 c
35 0.82 b
45 0.99 a

Different letters shows significant difference, Duncan 5%a-d

Table 4: Comparison of cutting speed on stem shearing energy

Cutting speed (m s ) Shearing energy (MJ mm )1 2

1.2 0.71 a
1.8 0.59 b
2.4 0.35 c

Different letters shows significant difference, Duncan 5% a-c

increase in shearing energy as the bevel angle increases
from 25° to 30°. However researchers suggested that 24°
[9] and 30° [1] angles the best to cut forage products. The
interactive effect of variety and bevel angle was
significant (P<0.01) and, in all three varieties, a decreasing
shearing energy was observed as the bevel angle
decreased (Table 2). The relationship between shearing
energy and bevel angle is shown in Table 5.

The moisture content has expressed a decreasing
effect on shear energy (Table 3). Decreasing moisture
content leads to decreased shearing energy of the wheat
stem. Results indicated that significant difference (P<0.05)
between shearing energy and the four levels of moisture
content was obtained. The interactive effect of shearing
energy and moisture content of the stem was significant
(P<0.01) and Duncan test showed that moisture content
of Kohdasht stems had a significant difference (Fig. 1).
Increasing moisture content from 15% to 45% increased
shearing energy by 73%. On an average, an increase of
1% in moisture content of the stem makes an increase of
0.015  MJ  mm  in shearing energy (Table 5). In addition,2
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Table 5: Relation between stem shearing energy, E (MJ mm ), bevel angle, b (deg.), moisture content, m (w.b.%) and cutting speed, v (m s )2 1

Wheat varieties Sardary Kohdasht Pishtaz

E=-0.05+0.04b-0.0007b  (R =0.99) E=0.01+0.05b-0.0007b  (R =0.98) E=-0.04+0.04b-0.0007b  (R =0.99)2 2 2 2 2 2

E=0.84+0.35cos(0.04m+2.95) (R =0.98) E=0.9+0.29cos(0.07m+2.11) (R =0.99) E=0.75+0.21cos(0.08m+1.95) (R =0.99)2 2 2

E=3.06-1.37v+0.23v  (R =0.97) E=3.52-1.59v+0.27v  (R =0.99) E=3.07-1.37v+0.23v  (R =0.99)2 2 2 2 2 2

Fig. 1: Effect of variety and moisture content on stem shearing energy. Different letters shows significant difference,
Duncan 5%.

Chen et al. [17] showed that the cutting force and energy Kohdasht variety with 0.86 MJ mm  had the highest
were significantly greater at a higher moisture content and
specific mass of hemp stem. Esehaghbeygi et al. [8]
reported the same result for stem moisture content of
Alvand wheat variety. Decreasing shearing energy with
increasing stem moisture content of maize is reported
because of positive relationship between shearing force
and cellulose and lignin content [18].

Increasing cutting speed of the blade causes a
decrease in shearing force and energy. Variance analysis
of data showed that the effect of cutting speed of blades
on shearing energy was significant (P<0.01) and Duncan
test showed that there are significant differences among
the three levels of cutting speed. Increasing the cutting
speed from 1.2 to 1.8 m s  decreased shearing energy by1

17% and from 1.8 to 2.4 m s  decreased it by 40%.1

Khazaei et al. [19] reported that by increasing the cutting
speed from 20 to 500 mm min , the shearing strength and,1

thereby, the shearing energy of pyrethrum flower stems
decreased.

CONCLUSIONS

Variety, knife bevel angle, moisture content and
cutting speed are the main factors affecting shearing
strength and energy of the wheat stem. 

2

shearing energy among the studied varieties. 
Choosing the bevel angle of 25° rather than 30° or
35°, decreases the shearing energy. By increasing the
cutting speed, shearing energy decreased. 
Decreasing moisture content from 45% to 15%
decreased shearing energy by 73%. 
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