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ABSTRACT 

In the present study, shearing properties of sugar cane stems were determined at five 

moisture content levels (46, 54, 62, 70 and 78% wb), three shearing speed (5, 10 and 15 

mm min-1) and at ten positions on the stem. For measuring the shearing forces, the stems 

were severed by using a computer aided cutting apparatus. Decrease in moisture content 

of stem from 78 to 46% wb led to 16.3 and 16.7% decrease in the shearing strength and 

specific shearing energy, respectively. The maximum and average values of shearing 

strength of the two moisture contents were found to be 3.482 and 3.1 MPa, and the 

specific shearing energies were 112 MJ mm-2 and, 102.6 MJ mm-2, respectively. Both the 

shearing strength and the specific shearing energy were found to be higher in the lower 

region of the stem due to structural heterogeneity. Results showed that with the increase 

in shearing speed from 5 to 15 mm min-1, shearing strength and the specific shearing 

energy increased 3.2 and 4.6%, respectively. The results of ANOVA indicated that effects 

of the mentioned factors were significant at 1% probability level. The shearing model 

assessment revealed that the third order polynomial model exhibited the best 

performance in fitting with experimental data and, by using this model, a significant 

correlation was found between shearing strength, specific shearing energy, and moisture 

content (R2= 0.989 and SE= 0.001). Also, a significant correlation was found between 

shearing strength, specific shearing energy, and shearing speed by using Hoerl model 

(R2= 0.989 and SE= 0.005).  
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INTRODUCTION 

 Sugar cane, an excellent source of sugar, 

is an important crop producing in Iran. 

Information on the physical-mechanical 

properties of sugar cane stem is important 

for the design of machines. Increasing 

interest in harvesting and commercial use of 

sugar cane has prompted the need for 

engineering data on stem properties. 

(Persson, 1987) reviewed several studies on 

the shearing speed and concluded that 

cutting power is affected only slightly by 

shearing speed. Hence, it is necessary to 

determine the physical–mechanical 

properties such as the shearing stress and 

energy requirements for suitable knife 

design and operational parameters (Ince et 

al., 2005). Lee and Yan (1984) investigated 

the shear force of rice stem at 50 mm min
-1

. 

Also, they determined the relationship 

between spikelet attachment force and 

moisture content of two rice varieties. 

Measurement of the shear strength of six 

varieties of wheat straw by O’Dogherty and 

Huber (1995) showed mean values in the 

range of 5.4–8.5 MPa. Chen et al. ( 2004) 

found that the average values of the 
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maximum force and the total cutting energy 

for hemp were 243 N and 2.1 J, respectively. 

Summers et al. (2002) investigated cutting 

properties of rice straw near the nodes. 

Diameter, weight, length and moisture of 

stem were measured and shearing force was 

determined. Results of their study showed 

that cutting place and number of stems 

affected cutting process. Influence of 

moisture content and nodes in stem on the 

mechanical properties of alfalfa was studied 

by Nazari Gelehdar et al. (2008). Results of 

their study proved that with increase in 

moisture content, shearing strength 

decreased and, also, by selecting nodes at 

high levels of the crop stalk, shearing 

strength decreased because of decrease in 

stem diameter. Hosseinzadeh et al. (2009) 

determined effect of three varieties of wheat 

and knife bevel angles, four levels of 

moisture content, and three shearing speeds 

of pendulum on the specific shearing energy 

of wheat straw. Results showed that the 

effects of variety, knife bevel angle, 

moisture content, and shearing speed on 

specific shearing energy were significant 

(P< 0.01). Specific shearing energy 

decreased with decreasing moisture content 

and bevel angle and with increasing shearing 

speed. Esehaghbeygi et al. (2009) reported 

that the shearing stress of wheat stems 

decreased as the moisture content decreased 

while the shearing force of stems decreased 

as the cutting height of stalk increased, 

because of a reduction in stalk diameter. In 

another research, Esehaghbeygi and 

Hosseinzadeh (2009) considered effect of 

three varieties, three nitrogen fertilizer levels 

(250, 400 and 550 kg ha
-1

) and four moisture 

content levels (35, 43, 50 and 57%) on 

specific shearing energy using pendulum 

method. They found that the specific 

shearing energy increased as the moisture 

content decreased and amount of nitrogen 

fertilizer increased. Also, by using quasi-

static method, Esehaghbeygi et al. (2010) 

reported that the amount of nitrogen 

fertilizer and variety affected canola 

shearing strength. The main objective of the 

present study was to determine the shearing 

strength of sugar cane stems, which can be 

used to determine power requirements 

associated with harvesting machine. 

MATERIALS AND METHODS 

 The research was conducted in order to 

determine the shearing strength and the 

shearing energy of sugar cane stems as a 

function of moisture content, shearing speed, 

and level of the crop stalk.  

Moisture content of stem can influence 

harvesting time, accordingly, based on 

existing references, five levels of moisture 

content in the range of 46 to 78% were 

considered (Kardany, 2008). O' Dogherty 

and Huber (1995), Hosseinzadeh et al. 

(2009), Mobli et al. (2003), and Tabatabaee 

Koloor and Borgheie (2006) expressed the 

importance of the speed factor on the 

shearing strength of stems. According to 

previous studies, the selected levels of speed 

were 5, 10, and 15 mm min
-1

. 

Stem diameter of sugar cane decreases 

towards the top of the plant, which means 

that the stem shows different physical-

mechanical properties at different heights 

due to cross-sectional heterogeneity.  

Considering the importance of stem 

diameter and cutting height on the shearing 

strength, these factors were selected for 

experimental study (Hosseinzadeh, 2008; 

Nazari Galedar et al., 2008).  

Therefore, the stem was divided equally 

into 10 height regions with 10 nodes to 

determine the variability of the mechanical 

properties on the stem length and 

measurements were made on each section 

with standard length. The test samples were 

selected from Ahwaz Farm randomly 

(Ahwaz is the capital of Khuzestan 

Province, located in the southwest of Iran, at 

31.24 N latitude and 48.49 E longitude). To 

determine the average moisture content of 

the sugar cane, the stem samples gathered 

from the field were weighted and dried at 

103
°
C for 24 hours in the oven and then 

reweighed (ASABE, 2006). A complete 

randomized design was used in a factorial 
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Table 1. Dependent and independent variables studied in the research. 

Dependent variables Independent variable Values 
Shearing strength 
Shearing energy 

Moisture content (%) 
Shearing speed 
Inter node position 

78, 70, 62, 54 and 46% 
5, 10 and 15 mm min-1 

1,2,3,…,10 

 
Figure 1. A typical force-displacement curve obtained from a sample having 78% moisture content (wb.). 

   
(a)                                                             (b) 

Figure 2. (a) Apparatus for measuring shear strength, (b) Apparatus for measurement of shearing force (vers.5, 
SMT Machine Linker, SANTAM Company) located in the Agricultural Faculty of Tehran University. 

experiment with five replication using the 
SAS9.1 and MINITAB15 statistical 
packages. Means were compared using LSD 
tests (P< 0.05). The values of independent 
variables discussed in the study are detailed 
in Table 1. The shear strength was measured 
in double shear using a shear box consisting 
essentially of two fixed parallel hardened 
steel plates 6 mm apart, between which a 
third plate could slide freely in a close 
sliding fit. A series of holes with diameters 
ranging from 15 to 25 mm were drilled 
through the plates to accommodate samples 
of differing diameter. Shear force was 
applied to the specimens by mounting the 
shear box in the tension/compression testing 
machine (vers.5, SMT Machine Linker, 
SANTAM Company) as described in Figure 
1. The sliding plate was loaded at the 

recommended range and, as for the shear 
test, the applied force was measured by a 
strain–gauge load cell and a force–time 
record was obtained until the specimen 
failed. The shear failure stress (or ultimate 
shear strength), of the s specimen was 
calculated from Equation (1). 

A
F

s 2
=τ      (1) 

Where, sτ is shear stress (N cm-2), F is 
shearing force (N), and A is effective area 
(cm2). 

The shearing energy was calculated by 
using the area under the shearing force 
versus displacement curve. One example of 
the force versus displacement curve is 
shown in Figure 2. The curve illustrates 
three sections: A, B and C. In section A, at 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

  ___________________________________________________________________ Hemmatian et al. 

966 

 
Figure 3. The pendulum impact testing of stem shear.  

 

the moment of knife contact with the stem, 

the force increased from zero until the 

collapse of the hollow core. Due to this 

failure in stem structure, the force decreased. 

As the knife moved, the cutting continued in 

the section C, and, then, the force decreased 

since the cutting was completed.  

The sections A, B, and C denote, 

respectively, compression only, compression 

and cutting, and cutting only. 

Shearing energy of some sugar cane stems 

was determined by dynamic method to 

compare the results with quasi-static method 

as shown at Figure 3. Shearing energy 

requirement was measured using the 

pendulum method by which, energy and 

knife velocity in its lowest position 

quantities were obtained using the 

theoretical Equations (2) and (3) (Persson, 

1987; Chancellor, 1988; Esehaghbeigy and 

Hosseinzadeh, 2009). In the preliminary 

tests, the shearing device satisfied all 

conditions in which the equation was 

originally derived. 

L
I

RW
LV t

×
−

==
)]cos[(1(..2

. 0α
ω  (2) 

)]cos[((cos. 0αα −= ct RWE   (3)  

Where, V= Knife velocity in its lowest 

position (m s
-1

); ω = Impactor angular 

velocity (rad s
-1

); L= Length of swinging 

arm (m); Wt= total weight of swinging arm 

(N); R= Center of gravity of the swinging 

arm from the center of rotation (m); I= 

Moment of inertia of the swinging arm about 

the center of rotation (kg m
2
); 0α = Angular 

displacement from the vertical base line in a 

free swing (deg), and cα = Angular 

displacement from the vertical base line 

after impact (deg)  

Initial test results showed that the changes 

were identical in both methods and, given 

that in the quasi-static method loading rate is 

low, the number of output data increases, 

therefore, the process of stems cutting at 

different positions could be applied 

accurately. According to this procedure, 

quasi-static approach was chosen in this 

study. 

 Artificial Neural Network  

Artificial neural network (ANN) was used 

to predict the shear strength and shearing 

energy of canola stem versus the different 

evaluated factors, namely, stem moisture 

content, cutting speed, and inter node 

position. The back-propagation algorithm 

was used for training of all ANN models. To 

obtain the best prediction by the network, 

several architectures were evaluated and 

trained using the experimental data. Several 

transfer functions including sigmoid, 

logarithmic and linear functions together 

with supervised training algorithms and feed 

forward back propagation approach were 

evaluated. To ensure that each input variable 

provided an equal contribution to the ANN, 

the inputs of the model were preprocessed 

and normalized, after which, 70 and 15% of 

150 input patterns were devoted to training 

and validation of the data sets, respectively. 

The remaining part of the data was used for 

prediction. The learning rate of 0.2 and 

momentum of 0.1 were adjusted to all the 

tested networks. Optimum topologies were 

defined based on the highest R
2
 and lowest 

MSE values. The complexity and size of the 

network was important, hence, the smaller 
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Table 2. Variance analysis of specific shearing energy and shear strength. 

shear strength. specific shearing energy  

MSE Sum of squares DF  MSE Sum of squares DF Source of change 

7.538 ** 30.153 4 7204.600 ** 28818.500 4 moisture content 

0.844 ** 1.688 2 1297.100 ** 2594.200  2 shearing speed 

1.331 ** 11.979 9 5762.600 ** 51863.500 9 Inter node position 

0.143 ** 1.147 8 143.800** 1150.400  8 Moisture content × 

Shearing speed 

0.036 ** 1.308 36 44.900* 1617.000 36 moisture content × Inter 

node position 

0.028** 0.504 18 32.400 ns 582.300 18 shearing speed × Inter 

node position 

0.019 13.126 672 29.000 19478.200 672 Error 

 59.908 749  106104.000 749 Total 

* and ** significant at 1 and 5% level, respectively. ns: Non significant. 

Table 3. Effects of moisture content on the shearing strength and specific shearing energy. 

Specific shearing energy (mJ mm
-2

)  Shearing strength (MPa)*  Moisture content (wb) 

92.112±9.045 d 2.988±0. 165 d 46% 

95.651±10.180 c 3.104±0. 234  c 54% 

102.320±10.120 b 3.318±0.194  b 62% 

107.556±10.790 a 3.487±0. 201  a 70% 

107.477±10.610 a 3.482±0. 195  a 78% 

* Different letters in each column shows significant difference at 1% probability level (LSD). 

 

ANNs had the priority to be selected. The 

required codes were developed by 

MATLAB 2010 software. 

RESULTS AND DISCUSSION 

 The results of ANOVA indicated that 

effects of the moisture content, shearing 

speed, and level in the crop, were significant 

at 1% probability level (Tables 2). 

Moisture Content 

 Analysis of the obtained data revealed 

that among the three quantitative variables, 

namely, moisture content, shearing speed, 

and sampling level in the crop, the dominant 

factor affecting the shearing force of the 

stem was moisture content. Shearing 

strength and specific shearing energy 

increased with an increase in stem moisture 

content. In Table 3, shearing strength and 

specific shearing energy are 3.482 MPa and 

107.4 mJ mm
-2

, respectively, at 78% 

moisture. This is significantly more than the 

corresponding data at 46% moisture (around 

16.5 times). This conclusion was consistent 

with the findings of Esehaghbeygi et al. 

(2009) who reported that the specific 

shearing energy increases and bending stress 

and Young's modulus of canola stems 

decreased as the moisture content increased. 

Nazari et al. (2008), Persson (1987), and 

Lee and Yan (1984) studied the effect of 

moisture content on some physical-

mechanical properties of different crops and 

reported that, as the moisture content 

increased, the shearing strength and specific 

shearing energy increased, similar to the 

results of the present study. 

Shearing Speed 

 The results of ANOVA indicated that 

effect of the shearing speed was significant 

at 1% probability level. Shearing strength 

and specific shearing energy increased with 
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Table 4. Effect of the shearing speed on the shearing strength and specific shearing energy. 

Specific shearing energy(mJ mm
-2

)  Shearing strength (MPa)*  Shearing speed (mm min
-1

) 

98.841±9.483 c 3.237±0.154 b 5 

100.768±9.597 b 3.248±0.155 b 10 

103.405±9.702 a 3.343±0.158 a 15 

* Different letters in each column show significant difference at 1% probability level (LSD). 

Table 5. Effects of level (node positions) on the shearing strength and specific shearing energy. 

specific shearing energy(mJ mm
-2

)  Shearing strength (MPa)*  Node position  

112.205±8.112 j 3.407±0.153 f 1 

110.103±6.464 i 3.388±0.175 ef 2 

108.308±6.299 h 3.360±0.127 e 3 

106.203±4.984 g 3.352±0.067 d 4 

102.609±2.450 f 3.350±0.097 cd 5 

101.602±3.424 e 3.337±0.164 bc 6 

99.372±2.990 d 3.300±0.077 bc 7 

93.129±4.023 c 3.110±0.091 bc 8 

90.433±6.611 b 3.096±0.094 ab 9 

86.021±7.137 a 3.059±0.242 a 10 

* Different letters in each column show significant difference at 1% probability level (LSD). 

an increase in shearing speed. As shown in 

Table 4, at speed of 15 mm min
-1

, shearing 

strength and specific shearing energy were 

3.343 MPa and 103.4 mJ mm
-2

, respectively. 

This is more than the data at speed of 5 mm 

min
-1

. This conclusion was consistent with 

the findings of Persson (1987) who reported 

that with increase in shearing speed the 

consumed energy for shear increased. 

 There was a strong relationship for sugar 

cane stem shearing force as a function of 

moisture content. The best regression model 

for shearing force F (N), based on shearing 

speed V (mm min
-1

) and stem diameter D 

(mm) was identified Equation (4) as follows: 

 F= 2340 -253.9D-

14.7V+11.88D
2
+0.8443D×V (R

2
= 90.1%, 

RMSE= 150.1) (4) 

Measured and estimated shearing force 

values were compared and were found to be 

similar to each other (Figure 4). 

Position on the Stem 

Shearing strength and shearing energy of 

different positions on the stem of sugar 

cane were investigated. The values of 

shearing strength varied from 3.407 MPa 

at lower level to 3.059 MPa at the upper 

level of stem. The reason for this 

difference may be due to the decrease in 

stem diameter with increasing plant 

height. The specific shearing energy also 

decreased towards the upper regions, from 

112.200 to 86.020 mJ mm
-2

; it was greater 

in the lower levels probably because of the 

accumulation of more mature fibers in the 

stem. The values of the shearing strength 

and specific shearing energy were 

significantly (at the 0.01 probability level) 

affected by position on the stem, according 

to LSD test results (Table 5); these values 

were different from each other for the 

distinct stem regions. The linear regression 

model with determination coefficient of 

0.91 and standard error of 149.6 was 

chosen as the best model for representing 

the relation between shearing force and 

diameter of stem. 

Some researchers have stated that at 

higher positions, stem diameter decreases 

and, thus, the cutting force will reduce 

(Esehaghbeygi et al., 2010; Hosseinzadeh, 

2008; and Peykani et al., 2010). The 

present study for sugar cane shows similar 

results.  
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Figure 4. Correlation between the 

experimental data and the values of the 

theoretical model for shearing force (N) based on 

stem diameter (D) and shearing speed (V). 

 

 
 

(a) (b) 

Figure 5. Interaction effect of moisture content and shearing speed on shearing strength (a), and 

specific shearing energy (b). (different letters in each column show significant differences at 1% 

probability level, LSD). 

 

Interaction Effect of Moisture Content 

and Shearing Speed 

 Interaction effect of moisture content and 

shearing speed on shearing strength and 

shearing energy was significant at the 0.01 

probability level, according to LSD test results 

(Figures 5 a & b). The shearing strength and 

shearing energy increased with increases in the 

shearing speed for all levels of moisture 

content. Also, the shearing strength and 

shearing energy increased with increases in the 

moisture content. The values of shearing 

strength varied from 2.980 to 3.544 MPa at the 

lower speed with the lowest moisture contents 

and the higher speed with the highest moisture 

content, respectively. The reason for this 

difference may be due to the viscous damping 

effect of moisture as reported by Persson 

(1987). The values of specific shearing energy 

varied from 91.021 mJ mm
-2

, for the lower 

speed with the lowest moisture content, to 

109.603 mJ mm
-2

 at the higher speed with the 

highest moisture content. Decrease of moisture 

content led to decrease in stem's diameter and 

its elasticity, thereby affecting stems strength.  

Interaction Effect of Moisture Content 

and Position on the Stem 

 Interaction effect of moisture content and 

position on the stem on shearing strength and 

shearing energy was significant at the 0.01 

probability level (Figures 6 a & b). The 

shearing strength and shearing energy 

decreased with higher positions on the stem 

for all moisture contents. The shearing 

strength and shearing energy increased with 

increases in the moisture content. The values 

of shearing strength varied from 2.781 MPa at 

the upper level with the lowest moisture 

contents to 3.629 MPa for the lower level with 

the highest moisture content. 

 It was observed that with a position change 

in the stem level from the lowest node (node 

No. 1) to the highest node (node No. 10) a 

decrease of 11.7, 12, 9, 11.2 and 11.3% in 

shearing strength and a decrease of 30.8, 34.1, 

29.8, 23.9 and 30.4% in shearing energy 

occurred, respectively, at the moisture contents 

of 78, 70, 62, 54, and 46%. The shearing force 

and cross sectional area decrease as a result of 

a decrease in the stem diameter. Considering 

the equation used for calculating the shearing 

strength Equation (1), it becomes evident that 

the shearing strength is directly proportional to 

Experimental shearing force (N) 

Velocity (mm.min-1) Velocity (mm.min-1) 
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Figure 6. Interaction effect of moisture content and position on the stem on shearing strength 

(a) specific shearing energy (b). (Different letters in each column show significant difference at 

1% probability level (LSD). 

 

Figure7. Correlation between the experimental 

data and the values of the theoretical model for 

shearing force (N) based on stem diameter (D) 

and moisture content (%wb). 

the shearing force and indirectly proportional 

to the stem cross sectional area. A decrease in 

stem diameter reduces both the stem cross 

sectional area and shearing force. Therefore, the 

main reason for lowering of the shearing strength 

by a decrease in the stem diameter could be due 

to the fact that the shearing force is more affected 

by the stem diameter as compared with the stem 

cross sectional area. The values of shearing force 

at the moisture contents of 78, 70, 62, 54 and 

46% were obtained as 3108.4±174.9, 

3120.1±185.2 2954±152.9, 2655.3±163.6, and 

2673.1±197.1 N, respectively. The values of 

specific shearing energy varied from 78.2 mJ 

mm
-2

, for the upper level with the lowest 

moisture contents, to 122.2 mJ mm
-2

, for the 

lower level with the highest moisture content. 

O’Dogherty and Huber (1995) reported that 

interaction effect of moisture content and the 

nodes statue on cutting force of wheat stem was 

significant. It has been indicated that shear 

strength varies between 4.91 up to 7.26 MPa 

(equivalent to 47%) with changing of moisture 

content and the nodes level. In the present study, 

the changes for sugar cane stem were determined 

as 30%. 

The best regression model for shearing force, 

F (N), based on moisture content (%wb) and 

stem diameter, D (mm), was identified Equation 

(3) and the measured and the estimated shearing 

force values were compared (Figure 7). 

F=46500+296.1Mc-6668D-1.755Mc
2
-

16.87Mc.D+306D
2
+0.06803Mc

2
D+0.2445McD

2

-4.434D
3
    (3) 

(R
2
= 87.6%, RMSE= 194.3) 

 In order to find the most suitable form of 

shearing model, different mathematical models 

were selected (Tables 6-7) and the 

experimental data were used to determine the 

pertinent coefficients for each model by 

applying the non-linear regression analysis 

technique. The goodness of fit was evaluated 

by calculating and comparing the statistical 

values of the coefficient of determination (R
2
) 

and the standard error (SE) for each model. 

The best results were found for the 

approximation of different models with R
2
= 

0.989, and SE= 0.001 and 0.005 in third order 

Polynomial model and Hoerl model. The 

results showed that the measured values and 

estimated values were similar to each other. 

ANN Models for Predicting the 

Shearing Strength of Sugar Cane  

Several topologies were evaluated to 

S
h
ea

r 
st

re
n
g
th

 (
M

p
a
) 

Internode position 

(a) 

Internode position 

(b) 

S
h
ea

ri
n
g
 e

n
er

g
y
 (

m
J.

m
m

-2
) 

Experimental shearing force (N) 

T
h
eo

re
ti

ca
l 

sh
ea

ri
n
g
 f

o
rc

e 
(N

) 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Shearing Characteristics of Sugar Cane Stems ___________________________________  

971 

 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

  ___________________________________________________________________ Hemmatian et al. 

972 

Table 8. Summary of ANN models evaluations. 

Activation 
function 

Neurons in 
hidden 
layer1 

Neurons in 
hidden 
layer2 

Training 
error R (training) R (validation) R (test) Epoch 

Log/Tan 10 0 0.00041 0.9999 0.9999 0.9999 98 
Log/Tan 15 0 0.00035 0.9999 0.9999 0.9999 39 
Tan/Log 10 0 0.00044 0.9999 0.9999 0.9999 53 
Tan/Log 15 0 0.00032 0.9999 0.9999 0.9999 37 

Log/ Log 10 0 0.00121 0.9999 0.9999 0.9999 48 
Log/Log 15 0 0.00014 0.9999 0.9987 0.9979 31 

Log/Tan/Tan 10 6 0.00013 0.9999 0.9999 0.9999 80 
Log/Tan/Tan 15 6 0.01020 0.9868 0.9981 0.9989 45 
Log/Tan/Tan 20 6 0.00020 0.9999 0.9999 0.9999 21 
Log/Log/Tan 15 6 0.00011 0.9999 0.9999 0.9999 63 
Log/Log/Tan 20 6 0.00034 0.9999 0.9999 0.9999 42 
Log/Tan/Tan 10 6 0.00043 0.9999 0.9999 0.9999 31 
Log/Tan/Tan 15 6 0.00056 0.9999 0.9999 1.0000 41 
Log/Tan/Tan 20 6 0.00042 0.9999 1.0000 0.9999 34 

 
Figure 8. A sample Training Error curve. 

obtain the maximum R2 and minimum MSE 
values. The results are presented in Table 8. 
It can be inferred from the table that a 
network with 2 hidden layers (6 and 15 
neurons in the first and second layer) and, 
subsequently, using Levenberg–Marquardt 
(LM) learning algorithm and tangent-
sigmoid transfer function would provide an 
efficient response to predict the output 
parameter. A coefficient of determination 
(R2) of 0.9999 and a training error of 
0.00011 resulted from the network training 
(Figure 8).  

CONCLUSIONS 

In the current research, the specific 
shearing energy decreased with decrease in 
the moisture content resulting in lower stem 
elasticity. Indeed, with 32% decrease in 
stem moisture content, 16.3 and 16.7% 
decrease was observed in the values of 
specific shearing energy and shearing 
strength, respectively. An increase in 
loading rate within the range of 5-15 mm 
min-1 caused the specific shearing energy 
and shearing strength to increase. The nodes 
located at lower levels of stem had larger 
diameter than the higher nodes and, 

thereupon, they were able to sustain more 
loads as compared with the higher nodes. 
The results indicated that the shearing 
strength in the top node was 11% lower than 
that of the first node. The specific shearing 
energy for the tenth node (the topmost node) 
was 30% lower than that of the first node 
(the bottommost node). The highest energy 
was consumed in the second phase of 
shearing i.e. shear and compression phase; 
so that the energy consumption at the second 
phase of shearing was 17 and 50% more 
than that of the first phase (compression 
only) and the third phase (shear only), 
respectively. Different references have 
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reported that with increase in the position on 

the crop stem and decrease in moisture 

content, the cutting force will diminish. The 

results in this study for sugar cane are in 

agreement with those in the cited references.  

The best regression model between the 

moisture and dependent variables (shear 

strength and shear energy) was 3rd order 

polynomial model with determination 

coefficient of 0.989 and the best regression 

model between the shearing speed and 

dependent variables (shear strength and 

shear energy) was determined by Horel 

model with a determination coefficient of 

0.989.  

The MLP neural network accompanied 

with the Levenberg–Marquardt algorithm 

and topology arrangement of 3-6-15-2 gave 

the best model to predict the shearing 

strength of the sugar cane stem. The values 

of train error and coefficient of 

determination for this model were 0.00011 

and 0.999, respectively.  
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بررسي عملي و نظري تاثيرات محتواي رطوبتي و ارتفاع ساقه محصول بر روي 

  برشي ساقه نيشكرمشخصات 

 ر. همتيان، غ. نجفي، ب. حسين زاده، ت. توكلي هشجين، و م. ه. خوش تقاضا

 چكيده

% بر پايه 46و  %54%، 62%، 70%، 78در اين تحقيق خواص برشي ساقه تحت تيمارهاي رطوبت ساقه (

سي قرار گره تحت برش مورد بررميان  ميليمتر بر دقيقه) و موقعيت 5و  10، 15برش (  تر)، سرعت

گيري شد. نتايج حاصل از  دستگاه برش متصل به كامپيوتر اندازه ها با استفاده از گرفت. نيروي برش ساقه

به  %، مقاومت برشي و انرژي برشي ويژه46% به 78داد كه با كاهش رطوبت ساقه از  آزمايش نشان

نرژي ويژه برش ساقه ا % كاهش يافته است. حداكثر و متوسط مقاومت برشي و7/16% و 3/16ترتيب 

 1/3مگاژول بر ميليمتر مربع و  112مگاپاسكال و  482/3نيشكر در برش شبه استاتيكي به ترتيب برابر با 

بر ميليمتر مربع بدست آمد. به علت متفاوت بودن مشخصات ساختماني  مگاژول 6/102مگاپاسكال و 

تر ساقه نواحي پايين لايي ساقه نسبت بههاي باگرهمقادير مقاومت برشي و انرژي برشي در ميان ساقه،

ميليمتر بر دقيقه، مقادير مقاومت  15به  5از  كمتر بدست آمد. نتايج نشان داد كه با افزايش سرعت برش

 ها% افزايش يافت. نتايج تجزيه واريانس داده6/4% و 2/3ترتيب به اندازه به برشي و انرژي برشي ساقه

برشي ويژه ساقه در  بررسي در تحقيق بر روي مقاومت برشي و انرژينشان داد اثر فاكتورهاي مورد 

برش ساقه نشان داد كه مدل رياضي چند  دار بوده است. بررسي مدلهاي رياضي% معني1سطح احتمال 

هاي آزمايشي داشته است و با استفاده از مدل فوق با داده اي درجه سوم بهترين تطابق راضابطه

 989/0مقاومت برشي، انرژي برشي و رطوبت ساقه وجود داشت ( بين داريهمبستگي معني

R2=001/0و SE= (همچنين با استفاده از مدل Hoerl داري بين مقاومت برشي،همبستگي معني 

  ).=SE 005/0و=R2 989/0انرژي برشي و سرعت برش ساقه بدست آمد (
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