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Fig.1. The roller sizer and its details: (1) Feed hopper, (2) Reciving tray, (3) Bearing of power transmission system, (4)
Pully, (5) Sizing rollers, (6) Slope screw, (7) Bearing of sizing system, (8) Intermediate fram, (9) Main fram
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Fig.4. Dimensions of various parts of roller sizer for almond kernel
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Table 1- ANOVA of main factors and their interaction effects on evaluation indexes of roller sizer
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wS“:uréée ¢ é f ’ Mean of Squares
- Ew [%] Q [kg 8h™]
w2 2 45644 236337 1626974.17
Feeding rate
S e 2 775267 481.00"  671145.01°
Roller slope
S g2 e 2 302377 260.11°7 90391.56
Rotation speed of roller

4 2 XS 4 1.48 6.78 ™ 99889.09

Roller slope xXFeeding rate
R S e 4 4.09 1.78 ™ 8994 42"

Rotation speed of roller xFeeding rate
S g o XS 4 20.63" 1461 14728/41 "
Roller slope xRotation speed
S g9 8 3 XS 8 5.99™ 417" 3853.95"
SlopexRotation speedxFeeding rate
s
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Error
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** Significant at the level of 1% probability *Significant at the level of 5% probability ™ None significant
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Fig.5. Results of mean comparison of rollers slope effects on indexes of machine evaluation
Means with the same symbol are not significantly different at 1% level according to Duncan’s multiple range test.
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Fig.6. Results of mean comparison of feeding rate effects on indexes of machine evaluation
Means with the same symbol are not significantly different at 1% level according to Duncan’s multiple range test

30 7 ¢ 82 - a
S b 281 A 228 ] a
= 25 T > = -
< 3 g b .
-l a k| 3(9) | £ 820 -
= 20 A B 2 800 - b
g g 78 1 =
e i ‘3 2 780 -
N w 76 1 8 740 -
; 10 4 £ =} C
B 8 75 £ 720 -
o5 z T4 - 5 700 -
o - o
2 'ﬁb 73 O 680 -
0 - 2 72 - 660 -
50 80 110 50 80 110 50 80 110
Rotation speed [rpm] Rotation speed [rpm] Rotation speed [rpm]

ol byl slaadls p Jlyed ey @l Bl 1 Ske duslio guls —Y JSWS
(Sl (glasals Wiz yg05]) 35,05 o sime oglds Z) o ) ygies yb ) Sy oMo b (gl Silio

Fig.7. Results of mean comparison of rotation speed effects on indexes of machine evaluation
Means with the same symbol are not significantly different at 1% level according to Duncan’s multiple range test
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Fig.8. Interaction effects of feeding rate and rollers slope on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.9. Interaction effects of feeding rate and rotation speed of rollers on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.10. Interaction effects of rollers slope and rotation speed on weighted sorting error index of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.10. Interaction effects of rollers slope and rotation speed on weighted sorting efficiency index of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.10. Interaction effects of rollers slope and rotation speed on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Fig.13. Triple interaction effects of feeding rate, rollers slope, and rotation speed on operation capacity of machine
Means with the same symbol are not significantly different at 5% level according to Duncan’s multiple range test
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Introduction: Iran is one of the major producers of almonds. According to the statistics released by FAO (2011), Iran
with more than 110000 tons of almonds is the third in rank throughout the world. However, most Iranian almonds are
presented as an unsorted and unpackaged product. Some producers sort their products by hand which is very time-
consuming and labor-intensive. So, there is an essential need for suitable grading and packaging machines especially for
the export of almond kernels.Grading, which is sometimes called sorting, is basically separating the material in different
homogenous groups according to its specific characteristics like size, shape, color and on the basis of quality. Weighing
is one of the best methods for grading agricultural products based on size, but due to its high cost and complexity of
operations, usage of weigh size sorting machines is practically limited. So, sizing of most agricultural products is
accomplished based on their dimensional attributes such as diameter, length, thickness or a combination of them. Field
study shows that recently vibrating sizing machines are used for grading almond kernels. This type of sizing machine is
huge, expensive, noisy and it consumes a lot of energy. Thus, the main objective of the present study was the design,
development and evaluation of a new prototype of an almond kernel sizing machine.

Materials and methods: It is important that the machine could resolve defects of existing vibrating machines. It should
provide efficient and cost effective sizing for a wide range of kernel sizes and shapes. Furthermore, it should be of
simple construction and be able to accept manual feeding. Previously conducted experiments showed that the thickness
of the kernel is the most appropriate dimension for its sizing. Among the different types of dimensional sizing
machines, the divergent roller grader which grades the products based on their thickness is considered to be one of the
simplest options. So, a divergent roller grader was developed and built in this research. The prototype consisted of two
diverging rotating rollers which were made of mild steel with an outside diameter of 95 mm and a length of 700 mm.
They were mounted to provide an adjustable slope towards the wide opening end. These roller beds were fixed on a box
shaped frame of size 500x1000x1200 mm. The slope and counter-rotating action of the rollers encouraged the kernels
to continue moving toward the end where the gap between the rollers was the widest. A tray was fixed at the feeding
end of the machine for feeding the kernels. A provision was given to adjust the gap from a minimum to a maximum
level. Based on the required activate torques of the rollers, an electric 74 W motor was selected to drive the machine.
The power transmission mechanism consists of two pulleys 150 and 250 mm diameters and a V belt type A with a
length of 1448 mm. The center distance of the pulleys is calculated to be 410 mm. Standard criterions of weighted
sorting error index (Cg), weighted sorting efficiencies index (Ew) and operation capacity (Q) were used to evaluate the
machine. Practical analysis showed that the machine’s performance is influenced mainly by the slope of the rollers, the
rotation speed of the rollers, and the feeding rate of the product. In order to evaluate the performance of the prototype, a
factorial experiment in a completely randomized design with three replications for each test was done. The performance
evaluation was carried out for three levels of feeding rates (600, 1000, and 1400 kg 8h’!, three levels of slopes (2, 7, and
12 degree), and three rotation speeds of rollers (50, 80, and 110 rpm). Spreadsheet software MSTATC and SPSS were
used to analyze the data and the Duncan's multiple range tests were used to compare the means.

Results and discussion: Analysis of variance showed that all three studied factors have significant effects on
evaluating standard criterions of Cg, EW, and Q at the 1% level of confidence. In this work, an increase in the slope of
rollers led to a decrease in Cg, whereas at the same time an increase in Ey and Q was observed. It may be because at a
higher level of slope the almond kernels slip more effectively on rollers surface. This condition restrains the aggregation
of kernels on the first part of the gap between the rollers. So, they have enough time to drop through all of the gap.
Experimental results show that as the feeding rate increases, Cg and Q increase, whereas Ey decreases. Based on the
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Department of Mechanical Engineering of Biosystems, Shahrekord University, Shahrekord, Iran
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results of the experiments, with an increase of rotation speed of rollers from 50 to 110 rpm, the Cg decreases up to
%6.5, and Ew decreases about %6. Study of interactions showed effects among which only the interaction of slope and
rotation speed of rollers significantly affects all standard criterions. The results also showed that the operation capacity
(Q) was significantly affected (P<0.01) by the interaction effects between the feeding rate and the slope of rollers, and
the feeding rate and the rotation speed of the rollers. The mechanical damage to almond kernels in the form of external
damage such as cracks and scuffing was almost zero, which is a very important advantage of this machine in
comparison with the other sizing machines.

Conclusions: In this research, a divergent roller sizer was designed, developed and evaluated for almond kernels.The
results showed that the best machine operation is obtainedat a feeding rate of 1000 kg 8h™, slope of 9 degrees and
rotation speed of 110 rpm. In this situation, the prototype could reach weighted sorting efficiencies index of 80% and
operation capacity of 830 kg in an 8 hour work shift with weighed sorting error index of 23%.

Keywords: Almond kernel, Design and development, Sizing, Sorting, Roller sizer
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Preliminary design, construction and evaluation of robot of tomato seed planting
for the trays of greenhouse
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Introduction: From an economic viewpoint, tomato is considered as the second most valuable crop after potato. It is
also preceded by the potato in terms of per capita consumption in the world. In 2008, the cultivation area used for the
tomato as equal to 163,539 hectares in Iran and the production of it was equal to 5,887,715 tons with an average
production of 117,887 tons in 4352 hectares in the provinces, respectively. Having high production volume and quality,
costly hybrid seeds are currently used for the major planting areas of vegetable in Iran. Most of the used transplanted
seedlings are 83%. Since the seeds are expensive, the percentage of seedlings and healthy and disease-free seeds should
be used for maximized germination and be transferred to the fields of open space. Preparing seedlings in transplanting
trays is a technology to respond to this need. Trays are covered with a layer of Peat and Miculite fertilizers. Then, one
seed is manually placed in each cell after gauging and preparing a suitable field. However, manually placing seeds is
time-consuming and requires hard labor. Sixteen working labors per hour are required for 15 x 7 cell in order to have
10200 seedlings grown in 100 trays. Due to lack of adequate labor, production capacity of greenhouses is reduced,
especially in the farming season when finding labor for planting vegetable sprouts is laborious. Therefore, mechanizing
tray seeding operations is essential to increase the capacity of the growing industry of greenhouses in Iran.

Materials and Methods: Initially, the tomato seeds were examined in the laboratory. The most important parameters of
the study included size, shape, weight, the speed of getting out of the tank and the minimum carrying speed. Then, a
vacuum-based single seed picking unit was prepared to investigate the factors influencing the design, so that a single
tomato seed can be harvested from the masses. The most important factors considered in the design and construction
included: cost, ease of performance, portability, use of local equipment, the planter’s capacity as well as the style of
picking single seeds (In Fig.1, the original scheme of the device is presented). The planter consists of several parts
operating harmoniously to yield the desired results. These parts include a chassis and conveyor belt mechanism,
primary and secondary fertilizer tanks, squashing unit, seed metering device and vibrating reservoir of the seed (The
main text of modeling the device with SolidWorks software is shown in Fig.2). This device is designed in such a way
that the position of the nozzle, the suction pressure, the height of removing seeds and the vibration frequency of the
seeding tray are adjustable. Evaluation of the device was carried out by single seeding of tomato seeds in trays with 105
cells (7 x 15). Suction pressure and nozzle size were calculated for tomato seeds. Scaling distances were considered
equal, based on the 30.5-mm intervals of the cells. Single seed picking efficiency of seeds was calculated by the system,
as the single percentage of seeding and the total percentage of seeded cells. Seed consumption efficiency is the ratio of
the total seeded cells to the total number of existing seeds in the cells. Seeding efficiency also refers to single, dual, and
multiple harvested seeds. Furthermore, the device capacity is defined as the number of seeded tray cells per hour. In
order to design and build a precise robot planter, an experiment including the designed planter and planting speed of
workers in 10 repetitions was designed and implemented to estimate the seeding time and compare with automated and
manual planting methods. Seedling trays with four replications were cultivated by the designed robot and the number of
cultivated seeds per tray at each stage were correctly counted. After that, the spent planting time by a worker was
determined with four replications.

Results and Discussion: The planting rate of tomato seeds is different when comparing mechanized and manual
methods. As it is known, the time required for cultivation in the mechanized method is at least one-tenth of the time
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required for cultivation in the conventional and manual method, which causes the planting rate to increase, and this
robot is one of the components of cultivation in the mechanized method in cultivation and production of tomatoes. By
assessing planting time using the mechanized method it was revealed that an average of 26.3 seconds is needed to fill a
7 x 15 centimeter tray of tomato seeds with 105 cells. The same planting procedure in the manual method takes an
average of 357 seconds which is indicative of the high rate of the designed device. The planter capacity experimented
using a seedling tray with the size of 15x7 cells, was calculated to be 17750 cells per hour showing that the suction
pressure increases by a reduction in seed size. Thus, while working with small-sized seeds, fluctuations of the suction
pressure must be carefully considered to be minimized and the seed being dual was only affected by the opening
diameter. Therefore, the opening diameter should become the same in size in order to minimize the dual seed instances.
In case of the tomato, the opening diameter had a great influence on the seeds being bulky.

Conclusions: Manual planting takes a considerable time in comparison with the mechanized planting. Furthermore,
using the designed device in addition to speeding up the planting process, caused regular and accurate cultivation of
tomato seeds in order to produce seedlings. The results indicate that utilizing the device over time is highly economical
for the major producers of tomatoes, and it is recommended to be used in agro-industry companies, and in the
mechanized method of planting in large scales.

Keywords: Manual and mechanized cultivation, Planting, Robot, Seedling tray, Tomato seed, Worker
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Table 2- Analyze of variance of effect of three factors (speed, section length and fertilizer type) on planted fertilizer at

25% soil needs
p Cle oSl el e ge
Mean square df Source
75.21%% 1201.86 1 (Fertilizer type) A 58 ¢4
2.808™ 44.86 2 (Plot length) B )5 Job
1.645™ 26.28 1 (Speed) C (5ot o yuu
0.581™ 9.278 1 (Intraction) AB il I
22.111%* 353.337 2 (Intraction) AC Jize I
6.197** 99.031 1 (Intraction) BC Jilie 3!
1.072™ 17.128 1 (Intraction) ABC e il
15.98 60 (Error) oLzl
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Introduction: In conventional farming, the soil and crop are considered uniform in different locations of the farm and
the fertilizers are applied according to the average of soil needs with an additional percentage for safety (Loghavi,
2003). Non-essential chemical fertilizers in the field have harmful effects and social, economic and environmental
concerns will increase. Many fertilizers go into the surface waters and ground waters and cause poisoning and
environmental pollution without being absorbed by the plants. In variable rate technology, the soil fertilizer needs a map
of all parts of the farm which is prepared with the GIS system. This map is uploaded on the computer before variable
rate fertilizer machine starts. The computer continually controls the fertilizing rate for each part of the farm using a
fertilizing map and global positioning system. The purpose of this study is to construct and evaluate a map-based
variable rate fertilizer system that can be installed on a common fertilizer in Iran to be used as a variable rate system.
Materials and methods: In common variable rate fertilizers, the rotational speed change of the distributor shaft is used
to apply fertilizers. In this way, a DC motor is assembled on the main shaft of all distributors, which reduces the
fertilizing accuracy. The reason for this is that there is no separation for units along the width of the fertilizer.
Therefore, we used one DC motor for each distributor and another motor to rotate the agitator in the tank.

System Set up: To design and select a suitable engine, the required torque for the rotation distributor shaft was measured
by a torque meter and the amount of 2.1 Nm was acquired for that. With regard to the maximum rate of nitrogen
fertilizer for land and tractor speed at the time of fertilizing, the order of 350 kg per hectare and 8 km per hour, the
maximum distributor shaft speed and power required to rotate distributor shaft were calculated to be 55 rpm and 6.9
watts, respectively. The selected motor was rated 27.5 watts, 24 volts and 7.5 amperes (Since there were no 6.9 watts
motors in the market, a more powerful motor was selected). According to the gear ratio and motor speed, the speed of
the distributor shaft was adjustable in the range of 0 to 65 rpm. To determine the speed and position with respect to the
direction, a central encoder (E50S8-600-6-L-5 model manufactured by Autonix Korea) was used on the ground wheel.
The encoder had 600 pulses per revolution of the axis.

Performance evaluation of the system: Performance evaluation of the system consists of two parts; static and moving
tests. In static tests, the purpose was the determination of the fertilizer loss (in grams), due to changes in distributor
speed as well as the accuracy of the electromechanical control system according to the command values sent to the
device. Results of this part were used for the calibration of the device.

In motion tests: In motion tests, the assessment of fertilizer loss was due to values set in a given situation and the
accuracy of planted fertilizer in place (delay and acceleration) is reviewed. The delay is found by the determination of
the distance that the fertilizer was placed after the desired location on the ground and the acceleration is found by the
determination of the distance that the fertilizer is placed before the desired location on the ground.

Results and discussion: The distributor flow rate on FO valve position was measured for different rotation speeds. The
correlation (linear regression) between the planted fertilizer and rotation speed of distributor shaft (rpm) were 0.99 for
y=71.636x+75.182. So, it can be deduced that these two parameters have a good linear correlation. The results achieved
from diagrams and regression model were used in the programming of the system control unit. Thus, by reading the
distributors motor speed, the amount of fertilizer can be calculated and the amount of used fertilizer according to the
need of the farm in each part is controlled. The effect of plot length on the amount of fertilizing on 25% need level was
not significant, but it was significant on 50% need level. This is due to stopping and starting fertilizer flow during the
test, changes in motors speed and error of these on fertilizer output at a certain amount of fertilizing so that at the 25%
need level, the error resulting from these factors had less share on the amount of plant fertilizer and the effect of plot
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length was not significant according to the system default. On the other hand, the effect of forward speed was
significant on the 50% need level and insignificant on the 25% need level.

Conclusions: In order to calculate the accuracy of the system, the error from the application amount of fertilizer was
measured at different fertilizing rates. The correlation between the adjusted fertilizing rate and the measured fertilizing
rate was 0.98 with regression model of y=1.0475x which shows the good accuracy of the system.

Keywords: Intelligent metering device, Fertilizing, Variable rate technology
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Fig.1. Structure of system (modeled in CATIA)
1. Keyboard, 2. Monitor, 3. Sensor planes, 4. Alarm lamps, 5. Plastic shield, 6. Wooden body
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1- Artificial Neural Network (ANN)
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Table 1- Distribution of the weight of the provided

samples
RS (Pl Shre Syl Ol
Min (gr) Max (gr) Standard deviation Average (gr)
50.04 74.57 3.19 60.05
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Fig. 2. Neural network (constructed in MATLAB)
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Fig.3. The built system for eggs weighing
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Table 2- Coefficient of correlation between outgoing voltage from sensor and egg weight

Solww e s Solu e s
Frequency (kHz) Coefficient of correlation Frequency (kHz) Coefficient of correlation
35.7 0.641 73.53 0.817
37.88 0.814 86.21 0.812
39.06 0.827 89.29 0.813
46.30 0.831 100.00 0.804
50.00 0.820 119.05 0.860
54.35 0.817 156.25 0.809
59.52 0.823 208.00 -0.053
69.44 0.813 312.50 -0.34
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Table 3- Statistic indices for comparison of 2-layer neural networks used for prediction of eggs weight
i Y (90 dlass
Neurons in hidden layer

RTrain RValidation RTest RTotal RMSE

0.920 0.864 0906  0.911 2.831
0.924 0.916 0.867  0.919 2.634
0.923 0.910 0.8379  0.914 181
0.913 0.897 0932 0.915 2.49
0.925 0.923 0.965 0.93 4.29
0.868 0.874 0.931 0.874 6.702
0.927 0.862 0919  0.916 2.27
0.934 0.914 0.884  0.925 1.917
0.943 0.941 0.896  0.935 1.227
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Table 4- Statistic indices for comparison of 3-layer neural networks used for prediction of eggs weight

pgd i &Y g, Ol

Neurons in second hidden layer Rinain - Rvalicaton Rest Riou RMSE
1 0.913 0.937 0.929 0.920 24
2 0.931 0.834 0.866 0.913 4.944
3 0.963 0.912 0.785 0.934 3.215
4 0.960 0.923 0.964 0.956 1.528
5 0.957 0.958 0.927 0.951 1127
6 0.946 0.900 0.903 0.853 4.782
7 0.98 0.991 0.978 0.983 0.502
8 0.966 0.898 0.975 0.957 2.05
9 0.938 0.896 0.942 0.934 2.056
10 0.961 0.96 0.97 0.963 0.625
20 0.964 0.969 0.962 0.963 0.819
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Introduction: Grading agricultural products always has a particular important position for submission to domestic and
overseas markets. The grading causes more profitable product ranges and customer satisfaction. Grading treatment is
carried out based on various parameters such as color, ripeness level, dimensions and weight. Product weight is one of
the most effective parameters in grading operation. Egg weight is directly related to the smallness and coarseness of
eggs. In egg grading, the largeness value is very important in marketing. This research aimed to design, fabricate and
evaluate the egg weighing system based on its dielectric properties.

Materials and Methods: To perform this research, the stages of work are divided into several sections including,
design and construction of the hardware section, writing code for the software section to collect data, conducting
nondestructive tests and data collection, analysis of obtained data using artificial intelligence, and giving the results of
analysis for device calibration of the system as the software code. The large eggs as dielectric substances cause more
increase in the capacity of the capacitive sensor. Furthermore, by derivation of a relation between capacity of capacitive
sensor and egg weight, one can predict the weight of the sample. A prototype unit of weighing system was designed and
fabricated. The designed unit was composed of a chassis, a voltage source, a sinusoidal signal generator, a voltage
measurement unit, an AVR micro controller, a COM port, a capacitive sensor, and an LCD and a keyboard. Neural
network technique was used for egg weight prediction. The designed net receives 16 voltage values at different
frequencies as inputs and its output is the egg weight. In order to calibrate and evaluate the weighing unit, 150 fresh egg
samples were provided on egg laying day from a local poultry farm. Experiments were divided into three groups. The
experiments were carried out on egg-laying day, and the second and fourth day after laying.

Results and Discussion: In this study, two networks were built and evaluated. In the first series, two-layer networks
and in the second series, three-layer networks were developed. In the two-layer neural networks, the number of neurons
in the hidden layer was changed from 2 to 10.According to the given results for two-layer networks, two layer networks
with 10 neurons offer the best results (the highest R-value and minimum RMSE) and it can be chosen as the most
effective two-layer network. Three-layer neural networks have been composed of two hidden layers. The number of
neurons in the first hidden layer was 10 and in the second layer it was changed from 1 to 20. Between three-layer
networks, the network with 7 neurons with the highest R-value and the lowest error is the most appropriate network. It
is even more efficient than the two-layer network with 10 neurons. So, the most appropriate structure is 1-7-10-16 and it
has been selected for calibration of the weighing device. To evaluate and assess the accuracy of the weighing machine,
weights of 24 samples of fresh eggs were predicted and compared with the actual values obtained using a digital scale
with the accuracy of 0.01 gr. The paired t-test has been used to compare the measured and predicted values and the
Bland-Altman method has been used for charting the accordance between the measured and predicted values. Based on
the findings, the difference between the measured and predicted values was observed up to 5.4 gr that is related to a
very large sample. The mean absolute error is equal to 2.21 gr and the mean absolute percentage error is equal to 3.75
%. According to the findings, 95% of the actual and approximate matching range to compare the two weighing methods
is between -5.3 gr and 3.36 gr. Thus, the dielectric technique may underestimate the egg weight up to 5.3 gr or it may
overestimate it up to 3.36 gr more than the actual prediction.

Conclusions: The best results were obtained with a 3 layers net having 10 and 7 neurons, respectively in the first and
the second hidden layers with the highest R-value, 0.983 and the lowest error, 0.502. Therefore, this net was applied for
egg weight prediction. To evaluate the device, the weights of 24 fresh eggs were estimated using the device and were
compared with actual values and the maximum error was observed to be equal to 5.4 gr.

Keywords: Capacitive sensor, Eggs, Neural network, Weighing device
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Table 1- The coefficients of viscoelastic model and statistical parameters of moisture content of barley

Residual

Variety Tem?ecr;‘t“re Miot(%d.b)  Tw(hr) K(hr) R RMSE
. 10 2625 0.593 0.878 0.982 1.933
e 25 26.19 0.106 1.448 0.963 3.698
Fajr 45 40.46 0.531 1.552 0.915 7.097
b 10 24.48 0.466 0.889 0.975 2.164
o 25 29.13 0.370 1.157 0.961 3.415
Reyhan03 45 44.65 1.708 1.265 0.939 5.898
10 22.55 0.402 0.821 0.990 1.268
MB862 25 33.59 0.221 1.579 0.966 4.022
45 41.83 0.772 1.481 0.916 7.061
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Fig.2. Fitting the viscoelastic model for Reyhan03 barley during immersion, 5°¢, 25° A, 45°n
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Introduction: Barley is one of the most important grains with high digestible starch making it a main source of energy
in human nutrition as well as in livestock rations formulation and feeding. Starch is the main part of barley grain and it
has an inverse relation with its protein. It has a digestible foodstuff of 80 to 84 percent of its dry matter content. Barley
as livestock foodstuff should be processed and it is done in several ways. A customary method for processing barley in
dairy farms is its size reduction by milling (Hunt, 1996). An alternative method of barley processing is steam rolling.
However, because of the high cost of steam generators a method of soaking with heating has been considered as an
alternative method for steam rolling (Yang et al., 2000). The rate of moisture absorption by grains during the soaking
process varies considerably and depends on the size of the grain, water temperature and the length of soaking. High
temperature water soaking is an ordinary way to reduce the time duration for reaching a high rate of moisture absorption
during the soaking process (Kashaninejad et al., 2009). Various studies have shown that these models have adequate
accuracy in analyzing drying and moisture absorption processes for most agricultural products (Abu-Ghannam and
McKenna, 1997). Some researchers have modeled beans moisture absorption behavior using 14 mathematical models
and found that the Weibull model had the most conformity with variations in experimental data (Shafaei and Masoumi,
2014c). Observations made by researchers indicate that the moisture absorption process in various materials
encompasses a primary phase with a fast rate and a second phase with a lower rate. The second phase in moisture
absorption is called the relaxation phase. The main problem with all the mathematical and experimental models is the
lack of the model’s ability to evaluate the rate of moisture absorption in the secondary phase. Artificial Neural Network
(ANN) as an important artificial intelligent method comparable to human brain capabilities is applied to train and store
data in the form of weighted networks (Dayhoft, 1990). This method has superiority to many ordinary statistical and
model making methods. In comparison to linear regression models, ANN does not require placing estimated values
around mean values and for this reason it retains actual variations in the data being analyzed. Prediction by using
trained ANN enables the researchers to decrease or increase input and output variables.Therefore, it is possible to
produce a multivariate model with an output even more than the objectives deemed necessary (Heristev, 1998). The
goal of this research was to predict instant moisture content of three barley varieties (Reyhan3, Fajr and MB862) during
the soaking process under three temperature levels (10, 20 and 45 °C) using two conventional ANN methods of
multilayer perceptron (MLP) and radial basis function (RBF) in comparison with viscoelastic mathematical model and
reporting the results.

Materials and method: Barley varieties were collected from the Isfahan Province Agriculture Organization grain
depository and were cleaned and the debris were separated before the experiments. The selected grains were sorted to
three groups of small, medium and large grains sizes. To exclude the effect of grain size during moisture absorption, the
medium size grains were used. The moisture content of the grains was determined based on the ASAE S352.2 DEC97
(ASAE, 1999) which were %8.23, %8.62 and %8.89 on a dry basis for Reyhan3, Fajr and MB862, respectively with no
significant difference at %5 probability level (p>0.05). Experiments were conducted under three temperatures (10, 20
and 45 °C) in the refrigerator, at room temperature and in the oven, respectively for each variety. In each experiment, 10
medium size grains were selected randomly and weighed with an AND laboratory scale model Gf-400 (made in Japan)
and placed in foam containers having 200 mg of distilled water. Grains were weighed after a predetermined period of
elapsed time (5, 10, 15, 30, 60, 120, etc. minutes). The experiments were conducted with three replications and moisture
absorption rates were determined by the equations presented by McWatters et al., 2002. The experiments were
conducted on a time table based on which the time for the dissolving of grains was reached. In this case, the moisture
content of the grains reaches the saturation point. According to equations presented by Peleg, as water density increases
as much as 0.01 gram due to grains dissolving in water, the saturation point has been reached (Peleg, 1988). For this
reason, distilled water density was measured and controlled before and after each experiment by a pycnometer. Neural
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network was designed according to the two methods of multi-layer perceptron (MLP) and radial basis function (RBF)
with three neuron layers. The first layer, i.e. input layer, is independent variables of temperature and time.The second
layer, i.e. hidden layers, is the networks hidden layer and the third layer, i.e. output layer, is the dependent variable of
moisture content which was selected. In each case, the nonlinear reduced gradient, combined gradient and BFGS
algorithm, and Trigonometric, Logarithmic, Gaussian, and Logical functions were used to train, test and evaluate the
network. To evaluate the predicting viscoelastic model and the network, we used statistical indices maximum value of
coefficient of determination (R*) and minimum value of mean square error (RMSE).

Results and Discussion: Moisture absorption curves showed that as the temperature increases, moisture absorption rate
increases as well. Higher equilibrium moisture levels are obtained in water with higher temperatures. This phenomenon
is the result of increased moisture diffusion in grains due to higher temperature levels. Higher water temperatures
causes grain internal material which is mainly starch to gelatinize and, thus, the internal tissues resistance to moisture
absorption reduces (Ranjbari et al., 2011). The moisture absorption rate increases as immersion temperature and
gelatinization temperature reach closer to each other.

Conclusions: The results of this study showed that although viscoelastic mathematical model has an adequate accuracy
for instant prediction of barley grain moisture content, it has a lower accuracy compared to intelligent models. On the
other hand, among the two neural network methods, MLP method has a higher accuracy in predicting moisture content
compared to RBF method. MLP obtained the best results for three varieties of barley because of back- propagation
learning algorithm with BFGS algorithm and 2-4-1 network structure. According to the prediction of the best neural
network which was selected, three-dimensional graphs of moisture content based on temperature and time variables,
showed that with an increase in temperature and duration of immersion, moisture absorption increases for three varieties
of barley.

Keywords: Immersion, Moisture content, Multi-layer perceptron, Radial basis function, Training algorithm
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Fig.2. Reflectance spectra of pistachio shell
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Fig.3. Reflectance spectra of whole pistachio kernel
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Table 1- Statistics of both calibration and prediction sets for moisture content and hardness of roasted pistachio kernels

Calibration set Prediction set
Ol 5 asgoon0 2Py 48 g0
SR G ] Lo <31
Characteristic (Xl dard EH I S W YY) oSbke 7 dard Ao Ady aueS
Mean Star_1 ar Median  Max Min Mean Star_1 ar Median Max Min
deviation deviation
Cugb)
Moisture 1.61 0.49 1.50 2.26 0.50 1.26 0.45 1.26 198  0.75
content (%)
o 65.84 12.5 68.06 81.28 43.52 63.31 15.94 63.93 82.76 43.62

Hardness (N)

OByt ilisee sl g, jl odatl b o 4ty (sladiay Cugb) (255in @l =Y Jgsa
Table 2- The prediction results of moisture content with different pre-processing techniques

PLS ANN
. S Olape (S e (omas S
Pre-processing
s Jlas! (5l 312
558 % RPD RMSEP R’ RMSEP  R?
No. of
PLS factor
i S o9 4 0.57 0787 0242 0238 0816
Original data
ol gnde clon ol 5l Jlo et oo 5 094 0478 0473 0238 0.804
SNV, Median filter, D
ol Grie s gle A8 oSl i s 5 098 0459 0478 0219 0.824
MSC, Median filter, D
9> Gnie oo A 2 lial Jlo etie oo 5 046 0982  0.528 0376 0.530
SNV, Median filter, D
P> Ghde oo A8 Xl A o 4 045 1005  0.525 0292 0.69
MSC, Median filter, D
ol grie Soge o uliad Jloyi ste o 4 085 0524 0517 0179 0.907
SNV, Wavelet, D
Jgl 3o «Sarge sl o 1 1 0448 0251 0244  0.820
MSC, Wavelet, D
ps2 Grde cKrgn i Jlos it Jiad 9 078 0572 0.051 0284 0742
SNV, Wavelet, D
pp2 Sho Sargn wiildl i s 5 039 1153 0.055 0314 0.689
MSC, Wavelet, D
I P ‘ ey ‘ I oo l . ta .-
ol Ghie o gl LSl Jlog eite s 2 084 0535 0432 0269  0.767
SNV, Savitzky-Golay, D
| o S siashe o Bl ik g
ol nie oo 0l i 2 089 0505 0333 0308  0.676
MSC, Savitzky-Golay, D
P52 Ghe o gl i Jlosi site a3 1 074 0605 0226 0199 0873
SNV, Savitzky-Golay, D
Py She o gl @Bl A gt 1 104 0432 0233 0.130 0767

MSC, Savitzky-Golay, D
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Table 3- The prediction results of hardness with different pre-processing techniques

PLS ANN
o
Pre-processing 32 Ol o yheS o
oh Jlos! (g 5515 o iy A
2956 e , ,
No. of RPD RMSEP R RMSEP R
PLS factor
Pin i o 4 149 10700  0.514 6.567  0.820
Original data
ol e e A oyl Jlo siite o 2 133 12090 0454 6737 0.774
SNV, Median filter, D
| ade e il ornlBl iy puons
Jo 5580 e 5L sl 54 g 2 133 12016  0.462 8276 0.662
MSC, Median filter, D
e & " . | A ‘ e I . v .
ps> Grde cilon i Sl Jloj uite a3 031 52089  0.353 8563  0.630
SNV, Median filter, D
P52 re sislun S ol 254 gt 030 52938 0362 5260 0.860
MSC, Median filter, D
ol gnie oSy i Jlosi siie 2 2 148 10780  0.643 7246 0.742
SNV, Wavelet, D
o e «Snge Xl iy gt 115 13.888 0344 12771 0.645
MSC, Wavelet, D
e n . ‘ l ol . P .
s Ghde o Sage i Jloy e Jas 047 33878  0.003 5216 0.876
SNV, Wavelet, D
P52 he Srgn il 3l i s 027 58558  0.536 9.943 0518
MSC, Wavelet, D
ol o sl oyl Jlog ite fia 094 16970  0.434 6190  0.821
SNV, Savitzky-Golay, D
ol Gre sl el 5 gt 140 11393 0453 8.898  0.641
MSC, Savitzky-Golay, D
. ¢ oo ‘ ol ‘ . P .
s> he ool lial Jlos e s 090 17710 0455 6562 0.787
SNV, Savitzky-Golay, D
ps> She o Sl 0l A gt 113 14051 0361 7700 0.735

MSC, Savitzky-Golay, D*
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Introduction: Pistachio nut is one of the most delicious and nutritious nuts in the world and it is being used as a salted
and roasted product or as an ingredient in snacks, ice cream, desserts, etc. (Maghsudi, 2010; Kashaninejad et al. 2006).
Roasting is one of the most important food processes which provides useful attributes to the product. One of the
objectives of nut roasting is to alter and significantly enhance the flavor, texture, color and appearance of the product
(Ozdemir, 2001). In recent years, spectral imaging techniques (i.e. hyperspectral and multispectral imaging) have
emerged as powerful tools for safequality inspection of various agricultural commodities (Gowen et al., 2007). The
objectives of this study were to apply reflectance hyperspectral imaging for non-destructive determination of moisture
content and hardness of pistachio kernels roasted in different conditions.

Materials and methods: Dried O’hadi pistachio nuts were supplied from a local market in Mashhad. Pistachio nuts
were soaked in 5L of 20% salt solution for 20min (Goktas Seyhan, 2003). For roasting process, three temperatures (90,
120 and 150°C), three times (20, 35 and 50 min) and three air velocities (0.5, 1.5 and 2.5 m s') were applied. The
moisture content of pistachio kernels was measured in triplicate using oven drying (3 gr samples at 105 °C for 12
hours). Uniaxial compression test by a 35mm diameter plastic cylinder, was made on the pistachio kernels, which were
mounted on a platform. Samples were compressed at a depth of 2mm and speed of 30 mm min™'. A hyperspectral
imaging system in the Vis-NIR range (400-1000 nm) was employed. The spectral pre-processing techniques: first
derivative and second derivative, median filter, Savitzkye-Golay, wavelet, multiplicative scatter correction (MSC) and
standard normal variate transformation (SNV) were used. To make models at PLSR and ANN methods, ParLeS
software and Matlab R2009a were used, respectively. The coefficient of determination (R?), the root mean square error
of prediction (RMSEP) and the ratio of the standard deviation of the response variable to RMSEP (known as relative
performance determinant (RPD)) were calculated.

Results and discussion:

Interpretation of hyperspectral data: The results showed that the spectra of the shell, the whole kernel and the internal
part of the kernel have different patterns. The internal part of thekernel had 2 peaks at 630 nm and 690 nm, while the
shell and the whole kernel had 1 peak at 670 nm and 720 nm, respectively and the peak of the whole kernel was sharper
than that of the shell. The highest and lowest intensities were for the internal part of the kernel and the whole kernel,
respectively. The spectral slope of the internal part is higher than that of the shell and the whole kernel at 500-700 nm.
The effect of different pre-processing techniques and analysis on prediction of pistachio kernels properties: In the absence of
pre-processing techniques, low correlation coefficients were observed for prediction of moisture content and hardness.
However, with the use of pre-processing techniques, in some models, correlation coefficient and RPD increased and the
RMSEP decreased. The results revealed that ANN models would predict moisture content and textural characteristics of
roasted pistachio kernels better than PLSR models.

Moisture content: ANN models can predict moisture content of roasted pistachio kernels better than PLSR models. In
total, PLSR models showed low RPD and R”. For all samples, RPD was lower than 1.5, indicating that the developed
models do not give an accurate prediction for moisture content. The best results with ANN method were achieved using
a combination of SNV, wavelet and D' for predicting moisture content with R =0.907 and RMSEP=0.179.

Hardness: The results indicated that ANN models can predict the hardness better than PLSR models. The best results
with PLSR models were achieved using a combination of SNV, wavelet and D1 with R2= 0.643, RMSEP=10.78, RDP=
1.48 and 2 PLSR factors. However, due to high RMSEP and low R? and RPD, it can be mentioned that prediction of
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Technology, Ferdowsi University of Mashhad (FUM)

4- Associate Professor, Department of Medical Physics, Faculty of Medicine, Mashhad University of Medical
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5- Department of Civil Engineering, Faculty of Engineering, University Putra Malaysia
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hardness values with ANN model was not sufficiently desirable. However it was better than the PLSR models. The best
results with ANN models were achieved using a combination of SNV, wavelet and D* with R?=0.876 and

RMSEP=5.216.
Conclusions: The results of this study showed that employing pre-processing methods causesa decrease in prediction

error and improves the quality of the models. ANN models could predict moisture content and hardness of roasted
pistachio kernels better than the PLSR models.

Keywords: Compression test, Hyperspectral images, Pistachio, Roasting
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Table 1- Statistical characteristics of the actual values and the predicted of pomegranate using ellipsoidal technique and

neural network method
Syl s S5 099y &9
Statistical characteristics Type method
sum ske  kur max min std av
9833.12 1.05 3.63 386.03 165.48 53.78 245.83 MLP Eq2 dv
9053.34 1.04 3.55 341.96 154.26 45.87 226.33 Eq2 ng:ne
9845.34 1.06 3.56 384.77 163.71 55.22 246.13 MLP pv
716184.16 0.89 3.36 2372499 1394045 2369.48 17904.51 Eq3 dv ol maw
716249.82 0.89 3.31 23621.11 14076.68 2356.76 17906.52 MLP Pv  Lateral surface
38.69 -0.52  2.67 0.99 0.93 0.01 0.97 Eql dv Cug,yS
38.71 -0.75 2.81 0.99 0.93 0.01 0.97 MLP pv Sphericity

0D iy pdlie TPV ABly polie 1AV (ggemme 1SUM ¢ s> iske ¢ SauiS IKUr iy 1MAX @ieSiMIN Glae Blool iStd (1 Sho (aV iGlus s
09wy, &Y N (geas &S5 IMLP

Description: av: Average, std: standard deviation, min: minimum, max: maximum, kur: kurtosis, ske: skewness, dv: actual value,
pv: prediction value, MLP: multi-layer perceptron neural network
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Table 2- Statistical comparisons of actual values and the predicted volume of pomegranate

Sobol Il 45 SB sl
Type of statistical analysis ey £
Ve “ . - = - ) Ly»d&h
&y d?w"m wtﬂ)".wm ol 4.7.,419» Method type  Geometric
Comparisons of Comparisons of Comparisons arameters
distribution variances of means P
0.09 0.32 0.08 Eq2 SN
0.98 0.87 0.98 MLP Volume
1.00 0.97 1.00 MLP ol g
’ ’ ’ Lateral surface
1.00 0.85 0.88 MLP 95
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MLP: pv =10.999dv + 0.375, R? = 0.948
+
350 - Eq2: pv=10.8305dv +22.182, R2=0.948
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Fig.2. Scatter diagram of the predicted values of MLP versus actual values of volume pomegranate in comparison with
estimates from Eq2
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23000 MLP: pv = 0.994dv + 99.374, R* = 0.9998
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Fig.3. Scatter diagram of the predicted values of MLP versus actual values of lateral surface pomegranate in
comparison with estimates from Eq3




IYAF 090 Jlaosd oF 0yl o al> «(55,9LaS scriilo 4 25 YAA

0.99

MLP: pv =0.951dv + 0.047, R*=0.9335
#

0.98 A
0.97 1
0.96 A
0.95 A

0.94 A

0.93

0.93 0.94 0.95 0.96 0.97 0.98 0.99

Eql (o o5 b dwslio ;3 MLP oS a0 Ul ug)S osd i g (oo8ly pdlie ( SaSTy Jlages —€ JS0

Fig. 4. Scatter diagram of the predicted values of MLP versus actual values of sphericity pomegranate in comparison

with estimates from Eql
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Introduction: Fast and accurate determination of geometrical properties of agricultural products has many applications
in agricultural operations like planting, cultivating, harvesting and post-harvesting. Calculations related to storing,
shipping and storage-coating materials as well as peeling time and surface-microbial concentrations are some
applications of estimating product volume and surface area. Sphericity is also a parameter by which the shape
differences between fruits, vegetables, grains and seeds can be quantified. This parameter is important in grading
systems and inspecting rolling capability of agricultural products. Bayram presented a new dimensional method and
equation to calculate the sphericity of certain shapesand some granular food materials (Bayram, 2005). Kumar and
Mathew proposed atheoretically soundmethod for estimating the surface area of ellipsoidal food materials (Kumar and
Mathew, 2003). Clayton et al. used non-linear regression models for calculation of apple surface area using the fruit
mass or volume (Clayton et al., 1995). Humeida and Hobani predicted surface area and volume of pomegranates based
on the weight and geometrical diametermean (Humeida and Hobani, 1993). Wang and Nguang designeda low cost
sensor system to automatically compute the volume and surface area of axi-symmetricagricultural products such as
eggs, lemons, limes and tamarillos (Wang and Nguang, 2007). The main objective of this study was to investigate the
potential of Artificial Neural Network (ANN) technique as an alternative method to predict the volume, surface arca
and sphericity of pomegranates.

Materials and methods: The water displacement method (WDM) was used for measuring the actual volume of
pomegranates. Also, the sphericity and surface area are computed by using analytical methods. In this study, the neural
MLP models were designed based upon the three nominal diameters of pomegranatesas variable inputs, while the
output model consisted of each of the three parameters including the volume, sphericity and surface area. Priorto any
ANN training process, the data normalized over the range of [0, 1]. Fig. 1 shows a MLP with one hidden layer. In this
study, back-propagation with declininglearning-rate factor (BDLRF) training algorithm was employed. The mean
absolute percentage error (MAPE) and the coefficient of determinationof the linear regression line between the
predicted values fromthe MLP model and the actual output were used to evaluate the performance of the model.

Results and Discussion: The number of neurons in the hidden layerand also theoptimal values for the learning
parameters 1 and awere selected bytrial and error method. The bestresult was achieved with five neurons in the hidden
layer. The results showed thatthe optimum modelof performance was obtained at constant momentum termequal to 0.8
and learning rate equal to 0.9. In this study, 300 epochs were selected as the starting points of the BDLRF. Some
statistical characteristics of the actual values of volume were estimated by WDM, surface arca was computed by
equation (3) and sphericity of pomegranates was computed by equation (1) and the predicted values of them using the
neural network method were shown in Table 1. The obtained results verified that the differences between theactual
values and the estimated ones can be ignored. But, the predicted values of the volume using the MLP model in
comparison with equation (2) are much closer to the actual values. Statistical comparisons of desired and predicted data
and the corresponding p values are given in Table 2. The results showed that P-value was greater than 0.08 in all cases.
Therefore, there was no significant difference between the statistical parameters. However, the P-value for equation 2 is
much less than that of the MLP model. The results shown in Figures 2, 3 and 4 show that the coefficients of
determination between actual and predicted data were greater than 0.9. Considering all the results in our study, the MLP
model is more accurate than the WDM and analytical methods.
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Conclusions: In this paper, we first measure the actual volume of the pomegranate using WDM and equation (2). Also,
assuming an elliptical fruit, the sphericity and surface area are computed analytically based on the three nominal
diameters of a pomegranate. Finally, the results of achievements of the MLP designed revealed that the MLP model
could be successfully applied to the prediction of thesphericity and surface area. Therefore, the MLP model can be a
viable alternative to the analytical methods. However, this is possible only if there is a precise way to compute the three
nominal diameters of pomegranates. In addition, according to the MAPE, the accuracy of the MLP model in prediction
of volume of pomegranates was twicethe analytical method.

Keywords: Neural network, Pomegranate, Sphericity, Surface area, Volume
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Introduction: Apple is one of the most important horticultural crops of Iran. Its production in the country stands in the
second place after citrus. Iran holds the fourth place in the world production of apples and gains a major share in the
export of this product. Therefore, it is necessary to enhance the quantity and quality of the fruit in order to maintain and
promote its position among the countries importing this product from Iran. Most of the mechanical damages to fruits
and vegetables occur due to contact stresses under static, quasi-static and impact loading. To obtain stress distribution
inside the fruit we can use finite element analysis. The aim of this study was to simulate the behavior of the apple as a
viscoelastic body subjected to quasi-static loading and also to determine the failure criteria (maximum normal stress or
shear stress) of apple flesh to estimate its susceptibility to mechanical bruising.

Materials and methods: In this study, Golab kohanz apple was used. Two samples were removed from each apple
using a core sampler, one was used for uniaxial compression and the other was used for confined compression test using
Instron universal tension and compression machine. Spherical indenter and parallel plate tests were performed in order
to study apple susceptibility to bruising at four deformation levels (1, 2, 3 and 4 mm) and the bruise volume was then
measured after 24 hours. Stress-strain curves were plotted and then, the elastic and viscoelastic properties were
obtained. Then, by using the data obtained from apple properties, the apple was modeled in Abaqus software as
spherical and cylindrical shapes with viscoelastic behavior subjected to quasi-static loadings.

Results and Discussion: The normal stress distribution of the modeled apple in the shape of a cylindrical sample is
shown in Fig. 4. The value of maximum normal stress was obtained (0.51 MPa) at the contact point of the loading plate
with the sample. Experimental and modeled stress-strain curves are shown in Fig. 5. Up to the bio-yield point, the two
curves are nearly matched; and beyond that point, there are some overestimations in the predicted stress values.

The location and pattern of failure have often been used to explain the cause of failure in fruits. When specimens of
fruit are subjected to a uniaxial compression, the failure often occurs the maximum shear stress plane. Failure patterns
in the tested samples indicate that the failure occurs due to shear stresses. Another explanation that has been used by
researchers for shear failure is the bruising position inside the fruit after loading. The position of bruising in most of the
tested apples was a distance away from the apple surface (Fig. 7).

According to the experiments results at the three deformation levels of 2, 3, and 4 mm, the maximum generated normal
stress inside the apple was above the point of failure of the cylindrical samples. Based on the empirical results, the
bruising was almost zero for the apples subjected to one or two mm deformation (Fig. 9a). The experimental value of
the shear strength of the Golab kahanz apple was obtained to be 0.23 MPa. The maximum shear stress inside the
modeled apple due to the two mm deformation was 0.195 MPa, which was lower than the shear strength of the apple.
On the other hand, by applying three and four mm of deformation, the maximum shear stresses were obtained to be 0.24
and 0.26 MPa, respectively, indicating that the induced stress exceeded the shear strength of apple flesh; therefore, the
bruising was observed in the flesh of these apples. The location of the maximum shear stress corresponds to the location
of bruising in the tested samples as shown in Fig. 9b.

According to the obtained results from the modeling in the finite element software, we can use this software in order to
recognize and investigate the damages in agricultural products during different loading conditions (Harvesting,
transportation, packaging and storage).

1, 3 & 4- Graduated student, Department of Agricultural Machinery Engineering, College of Agriculture, Isfahan
University of Technology, Isfahan

2- Prof., Department of Agricultural Machinery Engineering, College of Agriculture, Isfahan University of Technology.
Isfahan
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Conclusions: In this work, Golab apple was considered as a viscoelastic material and its behavior under quasistatic
loading was modeled using finite element method. Elastic, viscoelastic properties and shear strength of apple flesh were
obtained and used in the simulation. Comparison of modeling and experimental results shows that the model simulates
the behavior of apples during quasistatic loading well. The location of bruise occurrence in the flesh of tested apple and
the location of maximum shear stress in the simulated apple was the same. Therefore, the maximum shear stress
criterion can be used to estimate the susceptibility of apple varieties to internal bruising under quasistatic loading.
Modeling of apple as a viscoelastic sphere in Abaqus software assuming constant bulk modulus could properly simulate
apple behavior under quasistatic loading.

Keywords: Apple, Finite element, Quasi-static loading, Viscoelastic properties
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Fig.1. Tractor ITM485 with turbo charger
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Table 1- The weight of tested tractors and ballast weight

[FYRGCRNCI NN [O0 ITM475 ITM485  1TM800
Ballast weight (kg) (kg) (kg)
(ol 9 A5 i) sl S i Ole 275 272 360
Front ballast weight (big weight and water)
(Ul 9 d")?) de °"\*‘SL)‘S“‘" L)I)ﬁ“ 634 625 610

Rear ballast weight (big weight and water)

st a5 9,555 0 1430 1430 1430
Tractor weight on front axle

s 9 (S9) )9:5‘)5 039 1720 1720 1760
Tractor weight on rear axle

C,wu\fl.g b LgJQJLa u.wf O?‘}] 3 LQJ Q,gl.a J,w)?J 9 )Lg 9 oS dl.tz)yfl)lv' -y ,_JSM»
Fig.2. Traction tractor and load tractor and load cell between them at the drawbar traction tests with ballast
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Fig.3. Load celland data logger used in the traction test of tractors
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Fig.4. Fuel gauge and data logger used in the
experiment
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Table 2- Two way ANOVA of traction power data at drawbar pull test with ballast

pre g Ol ggome (93051 an

&> e

Ol po il (G BYRCON
Sourceof The sum of Degrees of 10 OeSle Level of i
L Mean Squares L Etasquared
variation squares freedom significance
s 82.867 2 41.434 18.029 .0001 .693
Effectof tractors
o 7l 2174.139 8 271.767 118.253 .0001 .983
Gear effect
e 36.771 16 2.298
Error
o 35127.718 27

Total
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Table 3- Tukeypost hoc test of gear effect on traction power at drawbar pull test with ballast

33 Subset
1*L 3 18.6500
+L 3 23.5300
2*L 3 27.6200
2+L 3 33.7067
3*L 3 38.9933
3+L 3 40.7833 40.7833
1*H 3 42.2667 42.2667
2*H 3 43.8367
1+H 3 44.4633
—— ITM 800 —=— ITM 485 —o— ITM 475
50 -
45
40
[~ 35
=
= 30
s
g 25
=%
20
15 -
10 -
5
0 ; . . i
*L 4L 2%, 24L 3*L 3L 1*H +H 2*H

calisee (glvosss ) cawYU b suidle uwf st)’] 39 (kW) Lm)915|)3 M Q]g&’ ufy veEy] ch)'] )|39Q.3 -0 J&w
Fig.5. Tukeypost hoc test diagram of tractors traction power at drawbar pull test with ballast at different gears
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Table 4- Two way ANOVA of tractionforce data at drawbar pull test with ballast

S B ‘%‘?ﬁ 69”;" Dd";" “*Pf Sl yo (b F ‘5"5"“: Gf‘M Bl jgdone
- e sum o egrees 0 evel o
Sourceof variation squares freedom Mean Squares significance Etasquared
29515 5 53.879 2 26.940 17.250 .0001 .683
Effect of tractors
o 1709.221 8 213.65 136.810 .0001 .986
Gear effect
L 24.987 16 1562
Error
S 18391.191 27
Total

ooVl b gadlo (S 90l 53 (KN) (25 (59508 sl 59515 51 (S99 (ol 090] @l =0 Jga
Table 5- Tukeypost hoc test of tractor effect on traction force at drawbar pull test with ballast

Tractors traction force (KIN)

40 -

35

30

25

20 A

15 A

29515 N Subset
Tractor 1 2
ITM475 9 22.9122
1TM800 9 25.1689
1TM485 9 26.3122
—&— ITM 800 —=— ITM 485 —e— ITM 475
1*L 1+L 2%, 24L L 4L 1*H 1+H 2*H
Gear

cilises (clmosss ;> cawVb b aidle LisS ygejl 50 (KN bnygiSTy5 S (69 (S5 (onind (y905] 50905 =1 JSS
Fig. 6. Tukeypost hoc test diagram of tractors traction force at drawbar pull test with ballast at different gears
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Table 6- Tukeypost hoc test of gear effect on traction force at drawbar pull test with ballast

LX)

Gear

Subset
1 2 3 4

5

2*H
1+H
1*H
3+L
3*L
2+L
1+L
2*L
1L

WWWwWwWwwwwwow

12.3600
14.4200
18.9333
20.6333
26.3900
30.2133
32.7367
33.2200

32.7367
33.2200
34.2733
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Table 7- Two way ANOVA of specific fuel consumption data at drawbar pull test with ballast

pre g e Olagwe ggome (93051 4y

S sre o

G EVSVIRNUS W) [ PRESS
Source of The sum of Degrees of 0 oe F Level of 5
L Mean Squares L Etasquared
variation squares freedom significance
s 103988.572 2 51994.286 90.555 .0001 919
Effect of tractors
o 47970.113 8 5996.264 10.443 .0001 .839
Gear effect
s 9186.786 16 574.174
Error
£ 3207805.503 27
Total

Vb b gadle 235 geil 3 (G KW ) g 0y yme sl 55515 51 (S5 (s 903l s A Jgo
Table 8- Tukey post hoc test of tractor effect on specific fuel consumption at drawbar pull test with ballast

Subset
1 2

)925‘)5 N
Tractor

1TM485 9
1TM800 9

280.4544
304.7378

Vb b (gaidle (23S ga3l 53 (@ KW W) g ohg Gopuan (sl 015 | (S5 ouiss (p90) ol —% Jgua
Table 9- Tukey post hoc test of gear effect on specific fuel consumption at drawbar pull test with ballast

33 N Subset
Gear 2 3
1+H 3 287.4533
1*H 3 289.5367
2*H 3 296.6500
3+L 3 319.0000 319.0000
3*L 3 322.2900 322.2900
2+L 3 343.1333 343.1333
2*L 3 370.0567 370.0567
1+L 3 379.4067 379.4067
1*L 3 415.7133
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Fig. 7. Tukey post hoc test diagram of specific fuel consumption of tractors at drawbar pull test with ballast at different
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Effect of turbo charger system on engine fuel consumption and tractor power
and traction (ITM475, ITM485 and ITM800)
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Introduction: Tractors are considered as the main power generators in mechanized agriculture. Hence, the experts and
engineers in tractor manufacturing of the country, are required to focus on developing and designing new features in
tractor manufacturing. This must be, of course, paralleled with the economic aspects. Achieving this goal, Iran Tractor
Manufactories Co., (ITMCO) has designed and developed tractors equipped with turbochargers. This has been
performed on ITM800 & ITM485 models, according to world standards. The turbocharger system, with harnessing of
lost energy in engine output fumes, compresses the air entering the engine and more air enters the cylinder. This will
cause the engine to burn fuel more efficiently and thus produce more power.

Materials and Methods: This study has been carried out on ITM485 & ITMB800 tractors (with turbocharger system)
and ITM285 & ITM475 tractors (without turbocharger system) to assure the improvement of engine performance and
compare them employing OECD world standards. Experiments were performed in the concrete runway of Tabriz
Tractor Manufacturing Company. For experiments, a dynamometer was used to measure the traction force between two
tractors, a measuring unit for fuel, a thermometer unit and a timer to measure the quantities of fuel consumption,
drawbar force and power. For drawbar traction test, each of the tested tractors pulled the rear tractor in different gears
and the dynamometer between these 2 tractors recorded the tractors traction force by data loggers. To measure tractors
fuel consumption, a measuring unit of fuel (VDO - EDM 1404) was used that calculated the flow rate in the path of
fuel from the fuel tank to the engine and the return path from the engine to the fuel tank and showed the quantity of fuel
consumption in liters per hour digitally.

Results and Discussion: In comparison of traction power and force of tractors with turbochargers and without
turbochargers in different gears, the results of variance analysis showed that the effect of tractor was significant.
Traction power and force at tractors with turbochargers ITM485 and ITM800 and without turbocharger ITM475 have a
significant difference in the level of one percent. Tukey post hoc test results also indicate that traction power and force
in tractors with turbochargers 1TM485 and ITM800 are significantly more than the tractor without turbocharger
ITM475. The gear effect is also significant. Traction power and force in different gears have significant difference at
the probability of one percent. Tukey post hoc test results indicate that power quantity is highest in the gears: (1+H,
2*H, 1*H, 3+L) and minimum in the gears: (1*L, 1+L, 2*L), (* Turtle and + Rabbit). But Tukey post hoc test results
indicate that traction force quantity is highest in the gears: (1*L, 2*L, 1+L) and minimum in the gears: (2*H, 1+H). In
the comparison of specific fuel consumption of tractors with turbochargers and without turbochargers in different gears,
the results of variance analysis showed that the effect of tractor was significant. The amount of specific fuel
consumption at tractors with turbochargers ITM485 and ITM800 and without turbocharger ITM475 has a significant
difference in the level of one percent. Tukey post hoc test results also indicate that specific fuel consumption quantity in
tractors with turbochargers ITM485 and ITM800 in the level of one percent is significantly less than the tractor without
turbocharger ITM475. The gear effect is also significant. The specific fuel consumption quantity in different gears has
significant difference at the probability of one percent. Tukey post hoc test results indicate that specific fuel
consumption quantity is highest in the gears: (1*L, 1+L, 2*L) and minimum in the gears: (1+H, 2*H, 1*H).
Conclusions: The tests were performed on tractor drawbar traction. Results of variance analysis in this experiment on a
concrete surface, indicated that the calculated traction power and force of ITM485 and ITM800 tractors (with
turbocharger system) were higher than the ITM475 & 1TM285 tractors (without turbocharger) and this difference was
significant at the one percent level of probability. Meanwhile specific fuel consumption in the ITM485 and 1TM800
tractors (with turbocharger system) was lower than that of the ITM475 & ITM285 tractors (without turbocharger) and

1- MSc student, Department of Mechanical Engineering of Agricultural Biosystem, Bonab Branch, Islamic Azad
University, Bonab, Iran

2, 3 & 4- Assistant Professors, Department of Mechanical Engineering of Agricultural Biosystem, Bonab Branch,
Islamic Azad University, Bonab, Iran

(*- Corresponding Author Email: Behzad.alasti@gmail.com)
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this difference was significant at the one percent level of probability. This will lead to significant savings in fuel
consumption.

Keywords: Fuel consumption, OECD standard, Power and traction, Tractor, Turbo charger
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Table 1- Variance analyses of effect of tillage forward speed and depth on fuel consume
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* ** and ns indicate significance respectively at the level of one percent, five percent and not statistically significant.
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Table 2- Average of fuel consume in different tillage forward speed
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Different letters indicate significant at theone percent level.
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Fig.6. Effect of tillage forward speed on fuel consume
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Table 3- Average of fuel consume in different tillage depth
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Fig.7. Effect of tillage forward speed on fuel consume
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Fig.8. Average value of effect of tillage forward speed and depth on fuel consume Bostan-Abad
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Fig.9. Average value of effect of tillage forward speed and depth on fuel consume-Hashtrood
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Introduction: In recent years, production techniques and equipment have been developed for conservation tillage
systems that have been adopted by many farmers. With proper management, overall yield averages for conventional and
reduced tillage systems are nearly identical. Sometimes, field operations can be combined by connecting two or more
implements. Much research has focused on either reducing or eliminating tillage operations to develop sustainable crop
production methods. The greatest costs in farm operations are associated with tillage due to greater specific energy
requirement in tillage and the high fuel costs. Combined operations reduce both fuel consumption and time and labor
requirements by eliminating at least one individual trip over the field. Light tillage, spraying, or fertilizing operations
can be combined with eitherprimary or secondary tillage or planting operations. The amount of fuel saved depends on
the combined operations. Generally, light tillage, spraying, and fertilizing operations consume between 0.25 and 0.50
gallons of diesel fuel per acre. Fuel savings of 0.12 to 0.33 gallons per acre can usually be expected from combining
operations. Eliminating one primary tillage operation and combining one light tillage, spraying, or fertilizing operation
with another tillage or planting operation can usually save at least a gallon of diesel fuel per acre. Combining operations
has the added benefit of reducing wheel traffic and compaction. To improve the tillage energy efficiency, implementing
effective and agronomic strategies should be improved. Different tillage systems should be tested to determine the most
energy efficient ones. Tillage helps seed growth and germination through providing appropriate conditions for soil to
absorb sufficient temperature and humidity. Tillage is a time consuming and expensive procedure. With the application
of agricultural operations, we can save considerable amounts of fuel, time and energyconsumption. Mankind has been
tilling agricultural soils for thousands of years to loosen them, to improve their tilth for water use and plant growth and
to cover pests. Tillage is a process of creating a desired final soil condition for seeds from some undesirable initial soil
conditions through manipulation of soil with the purpose of increasing crop yield.The aim of conservation tillage is to
improve soil structure. Considering the advantages of conservation tillage and less scientific research works on
imported conservation tillage devices and those which are made inside the country, and considering the importance of
tillage depth and speed in different tiller performance, this investigation was carried out.

Materials and methods: This investigation was carried out based on random blocks in the form of split plot
experimental design. The main factor, tillage depth, (was 10 and 20cm at both levels) and the second factor istillage
forward speed, (was 6, 8, 10, 12 km h™" in four levels for Bostan-Abad and 8, 10, 12, 14 km h' for Hashtrood) with 4
repetitions. It was carried out by using complex tillager made in the Sazeh Keshte Bukan Company, which is mostly
used in Eastern Azerbaijan and using Massey Ferguson 285 and 399tractors and its fuel consumptionwas studied.
Results and Discussion: In this study, the effect of both factors on the feature of fuel consumption was examined.
Regarding tillage speed effect for studies characteristic in Bostan-Abad at 1% probability level (p<0.01) fuel
consumption was effective. The effect of tillage depth has significance at 5% probability level (p<0.05) on fuel
consumption. The interaction effect of tillage speed and depth on fuel consumption was significant at probability level
of 1% (p<0.01). In Hashtrood, the effect of tillage speed was significant on fuel consumption at probability level of 1%
(p<0.01), and also tillage depth effect was significant on fuel consumption amount at probability of 1% (p<0.01). The
interaction effect of tillage speed and depth on fuel consumption was significant at 1% level of probability (p<0.01).
Conclusions: In this study, the effect of both factors on fuel consumptionwas examined. In Bostan-Abad and Hashtroud
on the whole, the results indicated that with the increase in the speed of tillage, fuel consumption, was reduced per
hectar.The speed of 10 kilometers per hour was the best for this implemented work. Also, with an increasing depth of
tillage, the fuel consumption increased.Through an increase in tillage speed, fuel consumption mass reduced at unit
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level. Moreover, the optimum speed was concluded to be 10km per hour. The best tillage depth using this machine is
10cm.

Keywords: Conservation tillage, Depth, Fuel consumption, Soil, Speed
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Table 1- Properties of methanol and gasoline (Qi et al., 2005)

Fuel property

Gasoline  Methanol

Chemical formula

Lower heating value MJ kg™
Stoichiometric AFR kg kg™

Density kg m*

Boiling point °C at 1 atm
Self ignition temperature °C

C4-Cop CH30OH

44 20.26

14.8 6.52
0.7-0.75 0.795
25-215 65

300- 400 500

Latent heat of evaporation kJ kg?  310- 320 1100

RON Octane
MON Octane
Carbon wt %
Oxygen wt %
Hydrogen wt %

90 110
81-89 92

85.5 37.5

0 125
14.5 50
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Table 2- Specifications of the test engine

Engine type Sl engine, carburetor fuel system
Cylinder borex Stroke 81.5%82.5
Capacity 1724cc
Max. power 41.8 kW at 4500 rpm
Max. torque 114 N.m at 2500 rpm
Compression ratio 7.5:1
Firing order 1-3-4-2
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Fig.1. Schematic diagram of experimental setup: 1. Engine 2. Dynamometer 3. Dynamometer control unit 4. Inductive
pick-up 5. Fuel flowmeter 6.Tank valves
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Fig. 2. Variations of brake power with engine speed for different methanol- gasoline blends
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Fig.3. Variations of brake torque with engine speed for different methanol- gasoline blends
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Fig.4. Variations of brake specific fuel consumption with engine speed for different methanol-gasoline blends



YV oS hes ladasiin o g o2 e — Jgilie dilisee glabglie 5l oy

30

-
h
1

520
.z
=
= —e—MO
— 15 4
= —=—M10
z M20
= 10 -
Z —o—NM30
Jaa}

5 4

0

2000 2500 3000

3500 4000 4500

Engine speed (rpm)

ik = Joilie dilises (glabglses (sl )ige Slyg0 e pus S| (b g0 s (505 S 033l Sl —0 S
Fig.5. Variations of brake thermal efficiency with engine speed for different methanol- gasoline blends
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Introduction: Today, all kinds of vehicle engines work with fossil fuels. The limited fossil fuel resources and the
negative effects of their consumption on the environment have led researchers to focus on clean, renewable and
sustainable energy systems. In all of the fuels being considered as an alternativefor gasoline, methanol is one of the
more promising ones and it has experienced major research and development. Methanol can be obtained from many
sources, both fossil and renewable; these include coal, natural gas, food industry and municipal waste, wood and
agricultural waste. In this study, the effect of using methanol-unleaded gasoline blends on engine performance
characteristics has been experimentally investigated. The main objective of the study was to determine engine
performance parameters using unleaded gasoline and methanol-unleaded gasoline blends at various engine speeds and
loads, and finally achieving an optimal blend of unleaded gasoline and methanol.

Materials and Methods: The experimental apparatus consists of an engine test bed with a hydraulic dynamometer
which is coupled with a four cylinder, four-stroke, spark ignition engine that is equipped with the carbureted fuel
system. The engine has a cylinder bore of 81.5 mm, a stroke of 82.5 mm, and a compression ratio of 7.5:1 with
maximum power output of 41.8 kW. The engine speed was monitored continuously by a tachometer, and the engine
torque was measured with a hydraulic dynamometer. Fuel consumption was measured by using a calibrated burette
(50cc) and a stopwatch with an accuracy of 0.01s. In all tests, the cooling water temperature was kept at 82+3°C. The
test room temperature was kept at 29+3°C during performing the tests. The experiments were performed with three
replications. The factors in the experiments were four methanol- unleaded gasoline blends (MO, M10, M20 and M30)
and six engine speeds (2000, 2500. 3000, 3500, 4000 and 4500 rpm). Methanol with a purity of 99.9% was used in the
blends. All experiments were performed at 50% open throttle. Engine performance characteristics for fuel blends were
compared with unleaded gasoline.

Results and Discussion: The experimental results showed that adding methanol to unleaded gasoline increased brake
torque and brake power in the M10 and decreased in the M30 compared to merely usingpure gasoline. Engine behavior
when using M20 blend was similar to that of using pure gasoline (MO0). The brake power and torque at engine speeds
2500, 3000, 3500 and 4000 rpm for M10 were increased by 5.42%, 7.76%, 14.89% and 16.78% compared to when
these parameter relate to pure gasoline (MO0), respectively, whereas the brake power and brake torque for M30 blend at
engine speeds 2000, 2500, 3000, 3500, 4000 and 4500 rpm compared to when using pure gasoline was decreased by
6.91%, 8.1%, 6.23%, 5.29%, 4.59% and 14.27%, respectively.

The experimental results showed that brake specific fuel consumption for M30 blend was increased at all engine speeds.
The increase in specific fuel consumption values for this blend from 2000 - 4500 rpm were 17.78%, 16.38%, 13.06%,
10.99%, 14% and 19.11%, respectively. Also, the specific fuel consumption for the M20 was similar to the specific fuel
consumption of pure gasoline. Comparing the brake specific fuel consumption of M10 to MO fuel at 2500, 3000, 3500,
4000 and 4500 rpm this parameter was decreased by 1.9%, 6.03%, 8.91%, 13.85% and 5.55%, respectively.

As the methanol content in the fuel blends increases, brake thermal efficiency also increases at all engine speeds and in
all used fuels blends. The thermal efficiency at 2000, 2500, 3000, 3500, 4000 and 4500 rpm using M10 was increased
by 3.73%, 8.12%, 12.43%, 15.57%, 22.34% and 12.01%, respectively in comparison to pure gasoline. These values for
M20 were 4.14%, 7.82%, 10.12%, 13.37%, 18.94% and 13%, and for M30 were 2.69%, 3.89%, 6.35%, 8.01%, 5.12%
and 0.78%.
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Conclusions: From the results of the study, the following conclusions can be deduced:

1- Using methanol as a fuel additive to unleaded gasoline causes an improvement in engine performance.

2- The largest increment in engine torque and brake power compared with MO showed about 16.78% with M10 at 4000
rpm.

3- Minimum brake specific fuel consumption was obtained at 4000rpm with M10 fuel.

4- Thermal efficiency increased compared to the pure gasoline usage at all engine speeds and in all used fuel blends.
The largest increment in brake thermal efficiency compared with M0 showed 22.34% with M20 at 4000 rpm.

5- The 10 vol. % methanol in fuel blend gave the best results for all measured parameters at all engine speeds.

Keywords: Engine performance, Methanol-gasoline blends, SI engine, Specific fuel consumption, Thermal efficiency
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Fig.3. a) Situating the stress transducer alongside traversing direction and b) Schematic diagram of the data collecting
system with stress transducer buried at the different depths
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Table 1- ANCOVA analysis of vertical stress and net traction at 0-0.1 m of depth

5 o Slasyo ggoome @33l 4y Olasyo (Sl P-value
Source of variation Sum of squares ?fgerggrgf Mean Squares
S
1129.158 2 564.5 109.378**
Wheel load ? 7 937
e 11042.660 2 5521.330 1069.669**
Velocity
w”J 15250.667 2 7625.334 1477.286**
Slippage
.c,.c)..,x)p 146.827 4 36.707 T 111%*
Velocityx Wheel load
AL 348.153 4 87.038 16.862**
Wheel loadxSlippage ’ ' ’
‘*‘“”’J XC"L,)“’ 1526.702 4 381.675 73.944%*
Velocityx Slippage
P Xes X,
Wheel loadx Slippagex 210.744 8 26.343 5.104%**
Velocity
k> 273.571 53 5.162
Error
5 198180.828 81
Total

0.991=0u guovad (psd o pd

Lo Ve ) (g)b gxe
* and **:significant at 0.05 and 0.01 probability level, respectively.
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Table 2- ANCOVA analysis of vertical stress and net traction at 0.1-0.15 m of depth

PN Slaspo ggooe &3l ey Olaypo (ko P-value
o Degree of
Source of variation Sum of squares freedom Mean Squares
“’c’w 6972.200 2 3486.100 718.765%*
Velocity
St 930.396 2 465.198 95.915%*
Wheel load
U»)A 10126.713 2 5063.357 1043.965%*
Slippage
Rty 146.429 4 36.607 7.548%*
Velocityx Wheel load
"””J Xu&.’” 1714.454 4 428.614 88.372%*
Velocityx Slippage
"Z}Jx)b_ 533.880 4 133.470 27.519%*
Wheel loadxSlippage
O X Xl
Wheel loadx 183.133 8 22.892 4.720%*
Slippagex Velocity
s
257.056 53 4.850
Error
s 107355.218 81
Total
0.987=0u e (e o
d*k %

2oy3 ) 90 ghaw 3 (5l gne a4
* and **:significant at 0.05 and 0.01 probability level, respectively.
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Table 3- ANCOVA analysis of vertical stress and net traction at 0.15-0.2 m of depth

JES IR Olay po Eg0x0 o3l an y0 Ol po (iibo P-value
Source of variation Sum of squares Degree of Mean Squares
freedom
w’w 3685.186 2 1842.593 1059.263*
Velocity
A 398.719 2 199.359 114.607**
Wheel load
‘J“”J 4045.299 2 2022.649 1162.773**
Slippage
e S 117.855 4 29.464 16.938%*
Velocityx Wheel load
‘yﬁ] Xc'&,”’ 263.031 4 65.758 37.803%*
Velocityx Slippage
“’:’};JX)L. 143.242 4 35.811 20.587**
Wheel loadxSlippage
O X Xl
Wheel loadx 45.731 8 5.716 3.286%*
Slippagex Velocity
ks 92.194 53 1.740
Error
£ 50208.530 81
Total

0.990=0.45 guzeal (yusd G o

203V 90 a5 ()lagine i FH ¥
* and **:significant at 0.05 and 0.01 probability level, respectively.

5 L;Q;L.wo @L.u NEATY u.w_;)m‘_m Oy (8 o A 9 )L\Ei,o
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1- Stress propagation
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Investigating the effect of tractive parameters on imposed vertical stresses under
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Introduction: Tire tractive parameters of the driving wheel are of the most substantial factors for the evaluation of the
performance of agricultural tractors. Great tractive efficiency has called the attention of vehicle designers to attain
economic efficiency owing to the minimization of fuel consumption. At terrain-tire interface, some soil physical-
mechanical changes occur that lead to unwanted soil compaction. Of the influential parameters for the creation of soil
compaction is the soil stresses formed owing to the wheeled vehicle trafficking. While the increase of tractive efficiency
is desired, minimization of soil stresses should also be considered with the same importance to make a trade-off
between the aforementioned parameters. There are numerous studies documented in the literature that deal with the
measurement of soil stress/strain data due to the wheeled vehicle trafficking and also those works that address the
correlation between the soil stress and soil compaction. It is recognized that in order to reduce soil compaction both at
topsoil and subsoil levels, the soil stress at the soil-tire interface should be reduced. There are various parameters that
affect the tractive efficiency and the soil stress creation such as wheel load, slip, tire inflation pressure, velocity, etc. On
the other hand, the wheel is subjected to the torques and forces exerted to the vehicle and the vehicle dynamics are
significantly affected by the soil-wheel interactions. Survey of the literature shows that numerous studies have focused
on the evaluation of tractive efficiency both in field test and controlled conditions in laboratories with the intention of
increasing tractive efficiency. The studies dedicated to the soil mechanical strength are more engaged with the
approaches to minimize the soil stress propagation. The present study considers both factors and considers the most
influential tire parameters such as wheel, velocity and slip to assess the relationship between traction and the soil
vertical stress in a soil profile using a single-wheel tester and a soil bin facility.

Materials and methods: The soil bin in Department of Mechanical Engineering of Urmia University was used in this
study. This soil bin is featured 24 m in length, 2 m in width and 1 m in depth including a single-wheel tester and the
carriage. A chain system was used for the power transmission from the electromotor to the carriage. The carriage was
able to move alongside the soil bin through four ball bearings which also hold the weight of the carriage. The utilized
tire in the study was a 220/65R21 driving wheel. One load cell was situated vertically to measure the wheel load and
four S-shaped load cells were horizontally situated between the single-wheel tester and the carriage to measure the
traction force. An electric motor was used to empower the carriage while another electric motor was used to empower
the wheel tester. The difference between the linear velocities of the carriage and the wheel-tester provided the desired
levels of slip. A housing including four load cells situated at the distances of 12.5 cm was used to measure the soil
vertical stress transmission in the soil profile. The system was buried at the desired depth in the path of wheel traversal.
Under the aforesaid treatments, the experiments were undertaken with the purpose of simultaneous measurement of soil
stress propagation and traction force and finally the correlation between these parameters.

Results and discussion: The results were analyzed using the statistical analysis at 1% significance level. The results
showed that an increase in traction force leads to an increment of vertical soil stress. It was also recognized that the
reduction in the velocity leads to the increase in soil stress which is due to the greater contact duration between the soil
and the tire. Also, an increase in wheel load results in an increase of soil stress which has a linear correlation with the
traction force. Furthermore, it was deduced that the increase in depth leads to a reduction of soil vertical stresses.
Conclusions: The present study is aimed at investigating the effect of net traction force on the imposed vertical stress
under the 220/65R21 driving wheel. Hence, velocity at three levels (i.e. 0.8, 1, 1.2 m s™"), wheel load at three levels (i.e.
2, 3, and 4 kN) and slippage at three levels (i.e. 8, 12, and 15%) were considered to obtain traction force and soil
vertical stress at three depths of 0.1, 0.15 and 0.2 m. Experiments were carried out in the complete randomized block
design with three replicates on clay loam soil at 12% moisture content. The vertical stress was measured using a
manufactured soil stress transducer where the net traction was measured using four horizontally installed load cells

1- Ph.D. Candidate, Department of Mechanical Engineering of Biosystems, Urmia University, Iran
2- Assistant Professor, Department of Mechanical Engineering of Biosystems, Urmia University, Iran
(*- Corresponding Author Email: Hamid.taghavifar@gmail.com)
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between the tester rig and the carriage. A correlation was developed between soil stress and traction force. The results
revealed that vertical stress increases with respect to increase of wheel load and slippage, whereas vertical stress
decreases by increase in depth and velocity. Additionally, it was found that wheel load and slippage bring about
increased traction force while velocity has no significant effect on traction force at 1% significance level. Finally, it was
deduced that an increase of traction force results in an increase of vertical stress transmission.

Keywords: Driving wheel, Net traction, Slippage, Soil bin, Vertical stress
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Table 2- ANOVA of the effect of 2 factors (Forward speed and frequencies) on four measured factors

MS ©laye nSbe
OSSRl IS Gly S iy bste gy, Ll i
et e oot (e e daisks) (lahs) (ocs8be) (1) s
Sources of variation DF Specific traction energy ~ Drawbar power Clod mean weight Percentage of
(kI m?) (kw) diameter (cm) remained residue
l .
)_)SJ . 2 0.044 0.25 0.006 11.86
Replication
e 1 32177 621.72" 0.38™ 880.11"
Speed
D ollas
J‘f ol 2 0.32" 1.04" 0.034™ 31.69™
Main error
Soluw % sk *% s
) 5 16.27 72.09 1.40 1106.44
Frequency
(sl %2 ) iz 51
Interaction 5 1.07" 11.87° 1.49™ 124.117
(SpeedxFrequency)
o sl 20 419 15.44 5.74 14.01
Sub error
Coefficient variations - 6.93 7.65 13.97 7.92
bl o doydY e ) (g)b gixe Al i g (g )b gixe pas sailiins
IX W) d)ﬁfo)'l.\ﬂ dh'b)lo‘)lg, )Ja.v )’\ olisee LgLea)L«,; ‘)Ai’l.uo Ao ldo -y Jg-\bg
Table 3- Means comparisons of different treatments for measured parameters
) i\ ag - SwiS ylgd P 59 bawgio ylad
XN J53okS) LidS 8329 55551 S g 9’5(‘{)9 %j“’ A8 (77) Llis Biis o
Sources of (é.g,o,:a,.g (“:),”1’;) cl d’m"’g iaht Percentage of remained
variation i 2 Drawbar power 0d mean weig residue (%)
Specific energy (kJ m®) (kW) diameter (cm)
G
Speed
1 (4.5kmh™) 19.77° 7.49° 3.72° 47.967°
2(7.5kmh™) 26.42° 15.80° 3.92° 47.47°
(5 2) dobus
Frequency (Hz)
1(0) 33.88° 18.26" 4.63" 39.5¢
2 (variable) 25.41° 12.55° 3.75% 52.46°
3(+19) 19.01¢ 9.11¢ 3.31° 52.83°
4 (-19) 20.16° 10.16% 3.80% 46.83°
5(+37) 5.86° 10.42° 4.06" 799
6 (-37) 5.60° 9.35¢ 3.38° 46.5°
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Fig. 2. Frequency effect on the percentage of remained residues at two levels of speed (4.5 and 7.5 km h™")
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Introduction: Mulch tillage system is an intermediate system which covers some of disadvantages of no tillage and
conventional tillage systems. In farms in which tillage is done with a chisel plow, runoff and soil erosion have a less
important relation to moldboard and disk plow and naturally absorption of rainfall will be developed. Thus, the mulch
tillage system is an appropriate alternative to conventional tillage and no tillage (Backingham and Pauli, 1993). The
unwanted vibration in machinery and industry mainly processes most harmful factors, for example: bearing wear,
cracking and loosening joints. And noise is produced in electrical systems by creating a short circuit (Wok, 2011). Self-
induced and induced vibration are used in tillage systems. Induced vibration is created by energy consumption and self-
induced vibration is created by collision among the blades and soil at the shank (Soeharsono and Setiawan, 2010). A
study by Mohammadi-gol et al. (2005) was conducted. It was found that on the disk plow, plant residues maintained on
the soil are more than that of moldboard plow. 99% frequency and amplitude, speed and rack angle of blade directly
affect soil inversion and indirectly affect preservation of crop residue on the soil. The effect of vibration frequency and
rack angle of blade to reduce the tensile strength is also clear. Moreover, in contrast to previous studies when speed
progressing is less than (L), not only the relative speed (L), but also frequency can reduce the tensile strength
(Beiranvand and Shahgoli, 2010; Awad-Allah et al., 2009). Therefore, aim of this study was to determine the effect of
vibration and the speed of tillage on soil parameters and drawbar power in using electric power.

Materials and Methods: To perform this test, three different modes of vibration (fixed, variable and induced vibration)
and two levels of speed in real terms at a depth of 20 cm were used for farming. The test was performed with a split plot
and randomized complete block design and three replications, and the fixed factors were: the depth of tillage: 20 cm,
soil moisture: 16 to 17 percent and rack angle: 15 degrees; and the variable factors were the rate of progress in both 4.5
and 7.5 kilometers per hour and six levels of frequency, 1 fixed (zero) 2 variables (self-induced), 3 (positivel9) and 4
(negativel9), 5 (positive37) and 6 (negative37) Hz were performed. An electric generator was used to create vibration
power. The equation (1) was used to calculate the vibration power:

P=~3Vicosd (1)
Where P: Electric power (W), V: voltage (V), I: current (amps) and @: phase angle (degrees) between the voltage and
current. After the calculation, the required power of 19 Hz was calculated to be 0.6, and the required power of 37Hz,
was calculated to be 0.75 kilowatts, respectively. The sample of mean weighted diameter, after tillage in each plot, was
about 10 kg soil (0 to 20 cm depth) with 3 replicates and through the equation (2), mean weight diameter was calculated
as follows:

MWD = Ziz X, W, @)

Where MWD: Mean weight diameter (cm), Xi: Two Elk consecutive mean diameters (cm) and Wi: weight ratio of the
soil remaining on the sieve to the total weight of the sample. In order to calculate the specific energy tension due to the
width of tillage (28 Cm), equation (3) was used.

E=(P,+F)xT 3)

Where E: tensile special energy in kilojoules per square meter, P;: drawbar pulling power required in kW, P,: the
vibration according to equation (1) based on kilowatt, T: tillage time in one square meter per second.

Results and discussion: According to analysis of variance (Table 2) interaction effects of frequency and speed to keep
the residue are significant at 1%, and this situation was shown well in Fig.2 Therefore, in practice, with increasing
frequency in both induction and self-induction vibration, the tillage blades created a groove at the soil surface with less
turmoil, and this would maintain the maximum residue on the surface of the soil.

As is clear from Fig.3, treatment of the frequency of 37+ (code 5) in both the first and second average forward speed is
highest in remaining residue with 85% and 74%, respectively (Liu and Chen, 2010) and (Awad-Allah et al., 2009). By
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3- Assistant Professor, Faculty of Khozestan-Ramin Agricultural and Natural Resources University
(*- Corresponding Author Email: navab20@yahoo.com)
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applying induced vibrations, a significant reduction in tensile strength occurs, because it reduces the time to deal with
the blade of soil tillage and soil fractures with blows of the blade. It is clear that vibration reduces slip and real wheel
speed is progressing, and following it, the increase in tensile strength occurs and it should not be considered due to the
in efficiency of vibration tillage, since vibration may increase the depth of tillage, with the same vertical force
component (Sahaya et al., 2009). Specific energy (plus drawbar and vibration) are shown in Figure.5 and the lowest
energy consumption in both the first and the second speeds was on treatment of frequency +19, being 18.9 kJ m and
23.2 kJ m to first and second speeds, respectively.

Conclusions: In general, both factors (vibration and speed) affected tillage parameters and energy consumption and
induced vibration caused by the system of unequal mass and electrical power properties was very easy to change phase
vibration and transfer of power. This study was designed because of the significant effects on the important parameters
of quality by vibration frequency of tillage and different frequencies to control the way in which tillage parameters are
controlled. We can take it as a precision tillage that introduced variable control rate of percent residue on the soil, clod
mean weight diameter that is suitable for the cultivation combined with reduced energy consumption.

Keywords: Clod, Frequency, Residue, Tension power, Tillage, Vibration
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Table 1- Specification of Agromet 5 conservation

tillage
Agromet 5 0 Cuwg,ST
Working width (cm)
5 5395 i 59 dilus
Number of tins
4 Saod s
Number of disks
Disks Diameters (cm)
75 (B ) b3 )90 )08
Power required (hp)
600 (p55kS) oS> (5
Weight (kg)

Fig.1. Agromet 5
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Table 2- The effects of forward speed, depth and soil sampling depth of conservation tillage on soil bulk density in
Bostanabad and Hashtroud

$2b pogase o> )
Bulk density 83l as Loy
39 yiaindd U oyl Degree of freedom Treatments
Hashtroud Bostan-Abad
0.140° 0.164° 3 (5) e
Forward speed
0.005* 0.008* 1 (D) 395 s
Tillage depth
0.004* 0.020** 3 SxD
0.029° 0.008" 1 (5a) s oy 4305 Goe
Sample depth
0.002™ 0.004™ 3 S x Sa
0.001™ 0.004™ 2 D x Sa
0.006™ 0.006 ™ 3 S x D x Sa
0.002 0.002 48 e
Error
ARSI INERONE
4.99 3.86 - (F) &y
C.V.

Asb ey dxe b g oyd gy eoyd S Jlein] s )3 (I3 gxe Soly s oy nis o F HE
** * and ns means significant at one percent, five percent and not significant
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Table 3- Average value of soil bulk density in tillage different depths and forward speeds
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Fig. 4. Effect of tillage depth and forward speed on bulk density-Bostan-Abad
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Fig. 7. Effect of tillage forward speed on bulk density
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Table 4- Average value of effect tillage forward speed, depth and field on bulk density
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Different letters indicate significant at the one percent level.
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Introduction: In recent years, production techniques and equipment have been developed for conservation of tillage
systems that have been adopted by many farmers. With proper management, overall yield averages for conventional and
reduced tillage systems are nearly identical. Sometimes, field operations can be combined by connecting two or more
implements. Combined operations reduce both fuel consumption, and time and labor requirements by eliminating at
least one individual trip over the field. Light tillage, spraying, or fertilizing operations can be combined with either
primary or secondary tillage or planting operations. Tillage helps seed growth and germination through providing
appropriate conditions for soil to absorb sufficient temperature and humidity. Moreover, it helps easier development of
root through reducing soil penetration resistance. Tillage is a time-consuming and expensive procedure. With the
application of agricultural operations, we can save substantial amounts of fuel, time and energy consumption.
Conservation tillage loosens the soil without turning, but by remaining the plant left overs, stems and roots. Bulk
density reflects the soil’s ability to function for structural support, water and solute movement, and soil aeration. Bulk
densities above thresholds indicate impaired function. Bulk density is also used to convert between weight and volume
of soil. It is used to express soil physical, chemical and biological measurements on a volumetric basis for soil quality
assessment and comparisons between management systems. This increases the validity of comparisons by removing the
error associated with differences in soil density at the time of sampling. The aim of conservation tillage is to fix the soil
structure. This investigation was carried out considering the advantages of conservation tillage and less scientific
research works on imported conservation tillage devices and those which are made inside the country, besides the
importance of tillage depth and speed in different tiller performance.

Materials and methods: This investigation was carried out based on random blocks in the form of split plot
experimental design. The main factor, tillage depth, (was 10 and 20cm at both levels) and the second factor, tillage
speed, (was 6, 8, 10, 12 km h'! in four levels for Bostan-Abad and 8,10,12,14 km h' for Hashtrood) with four
repetitions. It was carried out using complex tillage made in Sazeh Keshte Bukan Company, which is mostly used in
Eastern Azerbaijanand using Massey Ferguson 285 and 399 tractors in Bostab-Abad and Hashtrood, respectively. In
this investigation, the characteristics of soil bulk density were studied in two sampling depths of 7 and 17 centimeters.
Bulk density is an indicator of soil compaction. It is calculated as the dry weight of soil divided by its volume. This
volume includes the volume of soil particles and the volume of pores among soil particles. Bulk density is typically
expressed in g cm™.

Results and Discussion: In this study, the effect of both factors on the feature of the soil bulk density at the sampling
depth of 5-10 and 15-20 cm was examined. In Bostan-Abad, regarding tillage speed effect for studies characteristics at
1% probability level (p<0.01) on soil bulk density was effective. The effect of tillage depth on the soil bulk density was
significant at 5% probability level (p<0.05). The interaction effect of tillage speed and depth on soil bulk density was
significant at probability level of 1% (p<0.01). Regarding sampling depth effect, the soil bulk density was significant at
5% (p<0.05) probability level, respectively. In Hashtrood, the effect of tillage speed on soil bulk density at probability
level of 1% (p<0.01), and also tillage depth effect on soil bulk density was significant at 5% level of probability
(p<0.05). The interaction effect of tillage speed and depth on soil bulk density was significant at 5% level of probability
(p<0.05). Regarding the depth of sampling it was significant on soil bulk density at probability level of 1% (p<0.01).
Through an increase in tillage speed, soil bulk density reduces at unit level.

Conclusions: In this study, the effect of both factors on the feature of the soil bulk density in the sampling depth of 5-
10 and 15-20 cm was examined. In Bostan-Abad and Hashtroud, on the whole, the results indicated that the increase in
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the speed of tillage, soil bulk density, was reduced and the speed of 10 kilometers per hour was the best for this to
implement work. Also, with an increasing depth of tillage, the bulk density increased. Through an increase in tillage
speed, soil bulk density reduced at unit level. Moreover, the optimum speed was concluded 10km per hour. Through an

increase in tillage depth, bulk density and soil humidity increase accordingly. The best tillage depth using this machine
is 10cm.

Keywords: Bulk density, Conservation tillage, Depth, Soil, Speed
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Figl. A schematic diagram of the test process, (A) Nitrous oxide gas, (B) Inlet air, (C) Control and measurement unit,

(D) Gas mixing chamber, (E) Voluminous air bag (bates cargo pack), (F) Manifold air intake, (G) Engine, (H) Exhaust
port, (I) Automotive Emission Analyzer, (J) CO emission, (K) CO,emission, (L) HC emission, (M) NOyx emission
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Table 1- Boundary conditions used in the optimization of parameters of CO, CO,, HC and NO, by genetic algorithm

Characteristic CO (%) CO, (%) HC (ppm) NO, (ppm)
Upper bound of nitrous oxide 23% 23% 23% 23%
Lower bound of nitrous oxide 0% 0% 0% 0%
Upper bound of rotational speed 3750 4500 3750 4350
Lower bound of rotational speed 920 920 920 920
Number of variables 2 2 2 2
Population size 50 50 50 50
Scaling function Rank Rank Rank Rank

Stochastic uniform
Constraint dependent

Selection function
Mutation function

Stochastic uniform
Constraint dependent

Stochastic uniform
Constraint dependent

Stochastic uniform
Constraint dependent

Crossover function Scattered Scattered Scattered Scattered
Crossover fraction 0.08 0.08 0.08 0.08
Elite count 2 2 2 2
Generations 200 200 200 200
Stall generations 200 200 200 200
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Table 2- Multivariate analysis of variance (MANOVA) of the parameters measured

Source Dependent variable Sum of squares df Mean square F
CO (%) 1.974 4 0.493 695.27**
Concentration CO, (%) 31.396 4 7.84 396.58**
of nitrous oxide (%) HC (ppm) 370097.59 4 92524.39 14341.09**
NOy (ppm) 11851.03 4 2962.75 2338.01**
CO (%) 0.282 2 0.141 198.38**
Rotational CO, (%) 4.630 2 2.315 116.97**
speed(rpm) HC (ppm) 43546.92 2 21773.46 3374.84**
NOy (ppm) 15660.54 2 7830.27 6179.13**
Concentration of CO (%) 0.237 8 0.030 41.78**
nitrous oxide (%) CO, (%) 0.383 8 0.048 2.42%*
vs. rotational HC (ppm) 24272.11 8 3034.01 470.26**
speed (rpm) NOy (ppm) 191.58 8 23.94 18.89**
CO (%) 0.085 120 0.001 -
Error CO, (%) 2.375 120 0.020 -
HC (ppm) 774.20 120 6.452 -
NOy (ppm) 152.06 120 1.267 -

** Significant at the 0.01% level
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Table 3- Duncan's multiple range test to compare the effect of concentration of nitrous oxide and rotational speed of
engine on engines output with significant at the 0.01% level

Source Level CO (%) CO, (%) HC (ppm) NO, (ppm)
1000 0.2356" 12.5016° 102.4927° 66.9322°
Rotational speed (rpm) 2000 0.1893% 12.1853° 88.2651%° 54.5231°
3000 0.1242° 12.0618° 59.1269° 40.5651°
0 0.3919° 11.4396° 165.5233¢ 38.5715°
Concentration 4 0.2407° 12.0007° 123.1204° 48.9726°
of nitrous oxide (%) 8 0.1326° 12.4067% 58.5304° 56.0996™
12 0.0867° 12.6174" 39.6248° 62.1700°
16 0.0633¢ 12.7833° 30.0089° 64.2204°
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Fig.3. Effect of percent of nitrous oxide in the air intake on the CO emission



AP 90 Jluoss (¥ o5los & oo (5559l glamiolo 4 pii  YAF

R ySaauslss (o3 23 i oy

e i 1531 50 CO, oan VT 58 ol sy ooia ¥ JSCi
29590 39° 45 o d) Igm )3 39290 AeuSlsise (1o yisce> clale
23 o lid Bl e il Yoo TPM G Y- .- rpmM |

Mgisio (lyn duSlgige ()gpised Clale (i o (oK
ol VT 58 il l5m bl Ll 0oy V& + 5l 6399
N e TPM j5 550 599 43 do,dVY/NY 4 VWY /2Y 51 55 CO;
WIYR AN VY g Voo e TPM j5g0 593 53 doyd WY/EY 4 VV/FD
Sloass (e (eloa .8l gl Yer o TPM jgige 503 10 Ao yd
45 33,5 o el 2uSlgige (59yusd S P S 53 s
45 Cline ol (ol 35 g0 y9550 ) JolS ©jgos 3l i
STy 3T i 3 it S saesls saen by
Vs 3 oelpl 99,5 (e 2y (6l COp 5B 9 ims o
Oy IS el plie (l3 81 L COp 8 clale e
b (ol egiste (slgn )3 39290 AeuSlgige

G331 Y TPM asy Vev e TPM Sl 55500 590 45 polSin
Slon Gl cul wboo GRIB 550 53959 Slop Ol b
4om 53 g oMb (3:3) j93S1 Jl (g )b B 45 00,5 o0 el (6299
b u.u.aal_f 9> L0 3990 CO; oaYl 55 cclale
Ozt (3Sly bl oo (LIl H9ige y9 & (oBid (rizxen
Dialil el 30 gadge ol 45 3,8 e ol CO, 55 4, CO 8

Hgiste lyn 1uSlgige (g ied Chle (i & olin
CO o3 ¥1 15 il line sl Sinlj3l daoy> V8 4 + 51 (6099
o[oF a o /SF N TPM j5Sg0 193 33 duopd o/+Y & +/FA 5l 55
25550 093 ) dopd o5 4 NV g Ve o s TPM y5ig0 593 55 dopd
9 daSlgige =59 s> LSl L Bl Jhals Y. - Tpm
Gl i )3) 5590 (£39)9 Slsp 1 S50 (5T ] oty
1 93 9 03 4o dSgige (17955 (63 5 VL (slod
Bl 93 om Gloj dlold (a5 o W ()T 051 S g (5988
Ol 19 )3 39250 ()3ST (lise a2 g7 L 03jl 5 33,5 0 0lisS
5 o dabe (1alS CO (coa YT 55 clale oy b o
Lin and Wang, ) 13,4l cawdas |y ol guls 55 (Y- ¥) g
ooy Lialisl Silles CO LS cdale tals b bl (2004
oilsdl 50 Lad el lossly iulial Jlisds gy dales s
o (i Sy plodl sy oo isl38l ooy o cdl salgs
CO LS fpgmalinns olime g ity comsisys £y sls ol
el salgs il
sl L 2y90 Sloj (50593 3,5 o0 sl yige 593 il
CO2 5L5 55505 (lie cnlnlis § 93,5 oligS CO B (ygplins]
CO B 5 o camis jd el dalgs yials CO 8 51 o apsS]
PMLS Vel a0 593 GRaldl L o (8)b jlcdl anlss 36l
9 OopmlipnsST STy il 593 55 slod l8l clleay ¥+ v
ol Aot 45 el aalss L5 8 CO, 55 4 CO 5 bas

20,5 0 COy 58 clale Jol el 1 aS 55 aales CO 518 5 10 by (aalS goudgo
o S0l5 CO S5 Cales 3 5008 e
—=— 1000
13/5 & 2000
—a— 3000
13/0 .
i e
12/5 » - 8
;@ ¥ - : S
< . -
& L
12/0 —
(&} o P
-] ¥ e
11/5
i T T L2 T T T T T L) T ¥ 1
0 2 4 6 8 10 12 14 16 18
N20 (%)

COz (oa YT JI5 2 y55a (399 (slgm Aginto 13 39290 MunSlgisa (159 ics> 2oy 5L —€ JSWS
Fig.4. Effect of percent of nitrous oxide in the air intake on the CO, emission



YAV Sa¥T als cua (a3 65955 51 59590 4 daaSTgiso (359 5869 3B 32555 e ol ao ot

220 1
200 -

180 ¥ R

160 -

140 ] -

120: ik
[ -

2
100 — N

HC (%)

80
60
40 —

20 o

' ¥ e

=— 1000
e 2000
4 — 3000
s
x -
-

0 2 4 6

10 i [ 14 16 18

N20 (%)

HC y 15590 (53939 slom Wgiuia )3 39250 JauSgige (15950 Mo > Sl —0 JSUd
Fig.5. Effect of percent of nitrous oxide in the air intake on the HC emission

o=l IS ysbas (Koc et al., 2009) ably cawy polie gols 4
Sgr30 IS (5eeS] ygn 53 JolS 3lyio) o 390 48,8 s
sbes ol JLodan g a3 e g9, dnSlige (39 s> S
edale Glie Loy Gl opl (saomis )5 &8 Wb e Gl Gl
e alS 255 HC

Sl33 (59551) (295 293 9 Gyl sled y9590 593 il L
PHC clale aomi )5 g 29 0 HC s s el o8 0l 0
wbide gl an hlSen 5 (& Mboe (1 590 (29,5
999 38l L el o 09Me (He et al., 2011) aubly cavday
sl a b e Gialsdl 3y ahiss 31 Jlw 3Lil jgise
Slogl ecl ggdge (1l 3,5 o I b g byl (gjgua,
23,5 o HC Lzl g JelS gl

oSt 595580 (323 bl oy
OForosd B glano,d NOx 38 505 jials X5, 7 IS5
Yoo TPM LY=o 1PM Sl o500 95 48 (ol )3 1) 2uSlgige
OSrsd ClE e o olin amd oo (haled bbe GRI3E
bl Gislidl ooy VE an 5l (6999 Vgtiio (slgn duSleige
YE/AAPPM 4 OY/SYPPM I 55 NO, clale lie o JWida
15550 53 ;0 FO/VFPPM & YA/OYPPM o+« «TPM j55g0 50 4
Yoo TPM j5is0 493 ,5 AY/YYPPM & YY/0FPPM o Y« -rpm

el 3l

piliaS] ey e Liul53l ol oS sl S5 4y p3Y Lo
Ao B oad 38, fl p clale sl Sla caws CO 5K
¥ JSs vy ol plo il salgs (Jlade (ol ) (o5ab
UialS Hege 593 Lialjdl 131 1 CO, oV 55 clale l5ne
b dalgs
35 5 CO B (w45 sl yiig ool Camnde gl 4 a5 b
€O L5 jials' b Ko cjleas 0yl 0959 blaio (glalaly CO;
99 Aol o ilS CO, 55 CO 55 iuliél b o Lil8l CO, 18
(Wu et al., 2004) 13,4 caday Iy olie (aomss ol Ko

0D gouws SLAG S 9538 (3 28 i oy
(i \~~~I’pm )I )9_)9A )9 d@&m Jel I) m‘yya u)9)~ud.}
382929 slgp euSlise (e yced Chale (e o (o
3 s HC ccale ol o Jlodas «cdl iol3sl aops V8 »
e o fPM jo e 493 0 ¥e/NOPPM 4 Y- ¥/YYPPM
Slg Voo IPM jo S50 593 ;0 YO/SAPPMa__, VAY/VAPPM
LaalS Yoo o TPM j9 590 493, YE/VAPPM 4 V-Y/23pPM
colale (2li8l Ly je5ee ongys B 0 ds39e HC clals il
Cleds g b a1 (9399 oinie lsp 53 29290 (1S
SenSlige ()59 s> Il dlawlgds yailow (39)3 (slad (58, YL
HC clale 5o (63955 (lo 0 39590 y5euST clad o g
P 3590 eS| cdale )38l (K0 @ jleds cwl adl ials
Ohlan 5 S8 295 00 lynl slod (18 Vb el (6399 Sl



IWAF 090 Jlumows ¥ o losds o al> «(5559LiS o miilo 4y o YAA

80 —
4 —=— 1000 rpm sl
® 2000 rpm A
70 4 —d— 3000 rpm -
i b i o
e -
60 e
4 /”/ d
=) o =
2= 50 et =t
>
o 1 5
40 —" - e S
30 g
7
£
T T T T T T T T T d T T T T 1
0} 2 4 6 8 10 12 14 16 18
N20 (%)

NOx y s59e 5399 (sl3n Wgicin )3 392 90 MuaSlgine (59563 duoyd il =1 JSU
Fig.6. Effect of percent of nitrous oxide in the air intake on the NO, emission

cded plysioe ) pals’ ool (IS poboss aib e JiSuti (6
3 Laosimd yiiSly bS5 by Gy g (oo ool il
9 oy U el 90 ol Gial58l b sy YU sl ygigo 593
S 2 3 NOy Ty (sl o eons > 5 4l jinls 31,
Col YUl Lod &7 loj (5090 domis )3 33,5 o0 oS 3 o]
(V++¥) o 5 0 29000 NOx (2l & oxte o 23,5 oo oligS
(Lin and Lin, 2007) x5 ys] cauwdas polie gobs
Rt e dow > odcal Cowdds sl bl bt 4 4 gl
slayially sl (/8 GYL) R Jade 4 angs L sl
b Xl o S 0sd (650l
CO=0.575-005777.x~65x10°y +0.001429x* ()
+7.375x10°xy ~1.2x10°y?

CO, =12.1+0.176.x — 0.000558.y — 0.0004435.x2 (%)
—6.75x107°.x.y + 9.8x107.y?

HC =227 - 21.58.x —.01127 .y + 0.4966 .x* v)
+0.002388 .x.y — 7.354 x10 °.y?

NO, =66.2+ 2.401.x — 0.01202.y — 0.0793 .x> (A)
+0.00024 .x.y — 7.72 x107".y?

HC (%) 181 (63 00y i() S —uSlgise CO &5

Jade X (PPM) LT (5925 (PPM) &-gud sl S 9000

Y 5 (%) 395590 53959 Slo 4 0l 2)35 MeuSlgige (159562
Slge (TPM) H5ig0 ()90 oo puo

SINO, Ceile fisn 2 (6,52 ot s ol ol
SSlgige (9583 B 53 39290 ST clald e I35 o
2 3950 eS| clale (iol38l Ll 039 Iga oo 44 (6359
laay ool 4zl il8l NOy cdale e (635)9 Jatsio (glon
OjeeST clale (LI glsl JSew 32 )3 s sl 99
Ol &5 sl Jlop> pl b oo GRal3l (6399 (19 )3 39290
Sl 55 4 p3Y S (i iz 55 J5Slgo il
ol Jlises 3lpnl slod Ign 53 S92 90 (s clale ul38l L
ceel Vb glil slod g i (58T sl 990 (392 (o i
1y ctelde @l oL Kon 5 oyl el 0y3,5 NOy clale 238l
.(Byun et al., 2006) 15,4l cuvda

S A e gl galad glod & C8)5 axil (lFoe o
Cowddn |y (poliio (gdon ) San 5 S'oS 23,5 0 yiaS NOy
Vgiio clgn 1 3930 oy5enST clale (Koc et al., 2009) 3,4l
NOx JsSeits sl s 2590 (loj 9 lyo! dlaiomo (slod (5399
(Y- +0) GiiSan 5 oS it NO S5 (sla oy (e
YU o515 cuws (Can et al., 2005) 155 )] camsay ol zols
oils8l Jdsa s NOy islsal rpl g o NOy iol3sl a4 oo
Huang ) cul oS15 Caws )38l b Gl datse vy 3k (slod
.(and Crookes, 1998

Oliee gladasMe LB jsboas j5i5e 55 Liali8l gmls (el
L 4S casl s ol 4 LtolS ol amd e 2l |, NO, clale
bl Gl gl daioe (slod o5 Sloj g0)53 y535e 553 LIS
=S Hlos NOy azeis 53 0,5 0 0bsS (lod ]38l slacsy)



YA ST fols caa (e 68 Pl 15590 41 damSTgiso (359 269 H 8235 a3l o (o

D92 OY/+AY

5 SLeMbl 139l Cwdds g 5, Ko sl yiulajl pbool jl an
ool dr5 B 3 ol il e 5 L5 3,30 slaedl

g by Lo ) 3uSlgige (g )ined LS cdale (e
ol (SauYT alS cas 0aiiS s (6,951

2959 Slo 13 39290 2uSlgige (9 6> Gliwe I L
Shed ey il b as ol lis bt piores bl ool58l
cdb yals NOy g HC (CO; CO (slaosis¥T l5se yo5g0

it (9> o s g deSgige (g isd Cbale e
I‘pm 9 Z\'/O?Y )_g]).g u_».s);d.s J;mlys.a d‘).g DMT Cawddy
Loy, Soyam SAYY IPM o 7o olys oy S s Sl > FVFR
g/ ol a8 59555 9 YVA« TPM o ZAVIVY ol a3 g
L3g FYe - 1PM

clale )3 aS ol lis o)glate da Ao 5l oel Cundt ol
slaJae 3 polhe ol ()il b 335 o 4eS jgige (Sl
NO, s HC CO, CO sla 555 clale d by JSouw,S,
OV/-AY PPM 4 YY/ANY PPM JAV/D5 ool <05 ply cus 5

kel Cawddy

w293 Laogs odel Condan im A g S sloJae
e oy yrelly p sl i8S 518 (iloding 3,50 S5
e (e 9 59550 3909 Slop 13 S92 90 SeuSgige ()79 y8sd
e a7 1ai 5)50 el line &Sl sl s5se (Sygd a
sboyiohl gilwdinge @i ¥ Jgia 00,5 duwloee s di
ool Comdds ol )3 o iuled 1) Sj w05 bawgs o390
oS L= b ioli8l yeise g cus s ojlul ya 48T A 0asd
Olie =839)9 Slo 53 d9-290 JuSloige (986> Oli—e
Son ol B inlS ol bl o] il inlS 0,8 10l s
ol 1 an a8 ol bl 1) hege Slyed sy gt &S
oF9e gd ey Gl L oS sl S5 4 a3V eimen sy
L don )0 0g daled me o &S 00,5 o i HC 00V jlade
PM ol 45 s9590 (Sly9d Coo o iy e Ua g (orw B9,
Dol Cawddy Cawl VYO

9> ey A5 e ST (5955 (lwsinre ol
ol Casdy s g (grs gy 4 )5ise

Oy ed Hlite oy g odel Cewddy gl 4y ang b
Gy b ()i 9 y9590 (63939 Sl 13 90 MuSlgige
4 (Sogl i Sl el opshiate iz (sluatian 3 g0 g
YAAE IPM ¢ ZVF/0F0 ol cd an dwp S Hlide J8lus
Osayed polde (il L as el , S5 as p5Y iy
CO; o/ +08 4l CO l5me el Cauwddy ygig0 593 5 2uuSlgige
ppM , 1, NOy 4 YY/AYY ppm , 1, HC J\Y/6-5 , l,

dxy ) S o)l bawsgs (g S5 gla e (giluaig @l —€ Jg
Table 4- Results of optimization of regression models by genetic algorithmin three dimensions

Variable  Rotational speed (rpm) Concentration of nitrous oxide (%) Optimum value
CO (%) 3749 10.56 0.0038
CO, (%) 2847 0 11.30

HC (ppm) 3750 12.71 1.08

NO (ppm) 4300 0 0.238
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Introduction: Nowadays the number of motor vehicles in large and small cities is growing. Increasing the number of
motor vehicles leads to serious increase of the amount of environmental pollution and daily fuel consumption. Motor
vehicle emissions that are known as the most air polluting emissions cause 50-90 percent of air pollution. With large
increasd in the number of motor vehicles and their emissions todays, many researchers have investigated engine
optimization in order to reduce emissions of motor vehicles. But due to the lack of affordable changes in the physical
structure of the engine, it is not possible to create major changes in the amount of engine exhaust. Hence, in order to
improve engine performance and reduce emissions, a lot of research has been carried out on changes in the fuel and
engine inlet air. So, in this study a new method has been proposed and tested in order to detect changes in the
charactristics of emissions. So, the effects of enriched nitrous oxide gas on the exhaust emissions of a spark-injection
engine were investigated. In this way, a certain amount of Nitrous Oxide (N,O) gas was mixed with the engine inlet air
(with concentration of 0, 4, 8, 12 and 16 percent) and it was injected to the engine. Then its effect was studied on
emission parameters at various engine rotational speeds. Then, by using genetic algorithm, the optimal values of N,O
concentration and engine rotational speed were determined to reach the minimum emission parameters.
Materials and Methods: To measure the engine emission parameters including CO, CO,, HC and NO,, the expriments
were conducted after preparing a system to inject inlet air with different percentages of N,O into an Otto engine
(model: M13NI). In this study, the randomized complete block design was used to investigate the effect of N,O
concentration (five levels) and engine rotational speed (three levels) on exhauste emission parameters. Each expriment
was replicated 9 times. For statistical analysis, Duncan’s multiple range test and multivariate analysis of variance were
performed by using SPSS Software. Also, each factor was modeled by polynomial equations and the obtained models
were optimized in three dimensions by genetic algorithm method in MATLAB Software. After optimization ofeach
emission parameter in the same time by multi-objective optimization regression, separately, and determination of the
best value of N,O concentration in the inlet air andthe engine rotational speed, the optimizations were compared in
order to obtain the minimum value of emission parameters.
Results and discussion: The experimental results indicated that by increasing N,O concentration in the inlet air of
motor vehicle engine, the amounts of CO and HC were significantly decreased and the amounts of CO, and NO, were
significantly increased. Also, the results of this study showed that increasing the engine rotational speed at the same
time with increasing the N,O concentration caused a significant decrease in the amounts of CO, CO,, HC and NO,. The
optimal amount of N,O concentration and engine rotational speed by genetic algorithm method were obtained to
bel4.545 % and 3184 rpm, respectively.
Conclusions: The main conclusions obtained from this research are listed below:
- The amount of N,O concentration in the engine fuelis the decisive factor for decreasing emissions.
- By increasing N,O concentration in the inlet air of motor vehicle engine, the amounts of CO and HC were
significantly decreased and the amounts of CO, and NO, were significantly increased.
- By increasing the engine rotational speed and N,O concentration, the amounts of CO, CO,, HC and NO, were
decreased.
- The optimal amount of N,O concentration and engine rotational speed were obtained to be 14.545 % and 3184
rpm, respectivelyby using the genetic algorithm method. For these values, based on regression models,
concentration of CO and CO,, were obtained to be 0.056% and 12.5%, respectively.
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- The concentration of N,O and the optimum rotational speed of engine for CO gas were obtained to be 10.562% and
3749 rpm.

- The concentration of N,O and the optimum rotational speed of the engine for CO, gas were found to be 0% and
2847 rpm, respectively.

- The concentration of N,O and optimum rotational speed of engine for HC werefound to be 12.71% and 3750 rpm,
respectively.

- The concentration of N,O and optimum rotational speed of engine for NO, werefound to be 0% and 4300 rpm,
respectively.

Keywords: Emission, Engine rotational speed, Genetic algorithm, Nitrous Oxide
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Introduction: In order to improve the use of pesticides and pesticide consumption and prevent environmental pollution,
manufactures and scientists have considered two major trends. The first major trend is improving techniques that are
practical and effective use of small quantities of chemicals to reduce the negative effect of residues of pesticides. The
use of new methods usually requires investment and cost. The second major trend is changing the parts that are more
important to reform the sprayer components in order to reduce pollution, mainly by including engineering controls, and
design and construction of appropriate nozzles. The optimization can be done with the least expensive pesticide. Nozzle
is a device for spraying the solution in the form of particles with a certain pattern. Tip of a nozzle is placed in the
nozzle’s body and has many different types. The main factors in choosing tips include: material, pattern of distribution,
spray angle and the amount of the solution. The spray tip may be made of aluminum, brass, nylon, stainless steel,
ceramic or other materials. Nanocomposites are composites that contain at least one component with dimensions in the
nanometer range between 1 to 100 nm. This material is suitable as an alternative to overcome the limitations that exist
with integrated microcomposites. The aim of this study was the construction and evaluation of a sprayer nozzle with
ceramic nanocomposites with good shelf life and optimum performance.

Materials and methods: This research was supported by the Agricultural Engineering Research Institute and
Nanotechnology Committee of the Ministry of Agriculture. The operations of this study were as follows: 1- Preparing
of materials, including alumina powder and stabilized zirconia powder with yttrium. 2- Design and manufacture of
molds. 3- Preparation of the samples pressing operations. 4- Zintering of samples to achieve high density. 5- Tests to
determine the quality of the products. In order to prepare nanocomposite powder mixed with stabilized zirconia
alumina, the ratio of 10/90 percent by volume of the powder was poured into the mill for three hours and it was stirred
in the mixer. Pressing is placing the powder into a mold, and applying pressure to achieve the desired density. In this
study, pressing device with 30 tons was manually used and powder sample in the amount of one gram was placed in a
semi-cylindrical small hollow. After making a few samples and determining the optimal pressure and time of pressing
in action, samples were manufactured under 90 kg cm™ pressure at 20 seconds. A high temperature furnace model F3L-
1720 was used for zintering. Samples were put into the furnace after forming by a single-axis press. Temperature the of
furnace was raised up 1650°C at a rate of 10 degrees per minute and then the samples were exposed for one hour in
order for the heat to be evenly applied in all the body of the nozzle. Finally, a hollow cone spray pattern fan nozzle with
a major diameter of 15 mm and an inner diameter of 2 mm was built. Equipment for analyzing used in this study
included: X-Ray Diffraction device (XRD), Scanning Electron Microscope (SEM). The flow rate output was measured
at a pressure of 2 bar in the period of 0-50 hours at 1, 2, 3, 4, 5, 8, 10, 15, 20, 25, 30, 40 and 50 hours.

Results and Discussion: XRD analysis of nano-composite stabilizer in the presence of yttria- zirconia- alumina
toughness with (Al,03-ZrO,-Y,0;), yttria stabilized zirconia (ZrO,-Y,0s) and alumina indicates respective phases. For
the samples made with better properties, it should be uniformly distributed within it. To evaluate the uniformity, SEM-
Mapping test samples were made. The results showed that the distribution of Y, Zr, Al in nanocomposite (Al,O3-ZrO,-
Y2053) is almost uniform. The results of changes in the level of output over time showed that the rate of flow in
composite (Al,O3-ZrO,-Y,03) nozzle versus ceramic conventional (Al,O3) nozzle after 50 hours of testing under static
condition, flow rate was decreased to 30- 35 percent.

Conclusions: Nozzles are one of the most important terminal parts in sprayers and are used to spread the liquid evenly
at a certain flow rate. Addinga nanomaterial ceramic structure as a new solution was effective. By paying attention to
reduce the use of chemicals and protection of the resource bases, a correct approach to the development of agricultural
mechanization equipment that are essential components should be a priorityas a low-cost solution.

Keywords: Ceramic nanocomposite, Construct and evaluation, Nozzles, Sprayer
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Table 1- Analysis of variance of treatments effects on weeds numbers (with control treat)
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* and **: Significant at 5% and 1% probability levels, respectively and ns no significant difference
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Table 2- Comparison of weeds numbers in spray treatments
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afte_r spraying Total Broad Fine leaf Total Broad Fine leaf
spraying leaf leaf
Lo )93 =39S0
65.57 a 32.85a 31.57 be 26b 557b 64.5Db 50 b 145a Microner-medium
speed
68.57 a 37.71a 3291b  2727b 564b  66.07b  49.71b 16.35a s
Microner-low speed
e J3=)bpgr (s
7742 a 29 a 22.57 ¢ 18.14 ¢ 442 b 72920 55 b 17.92 a Tractor sprayer-
flowage nozzle
Sl Jb—)beg ol
65.71 a 2714 a 34420 28.28b 6.14b 76.14b  61.5ab 14.64 a Tractor sprayer-
Italian tee jet nozzle
3b 14.57b 108.42 a 8342 a 25a 95.57 a 76.1 a 18.85a Control sals

Lyl o2 b d)l‘lu*."" N LS)LJ bld 5l s UQ()U.A J?P b as @Lﬁw.i)luﬁ ‘_}gdb 09‘)'] uuLul)g
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Table 3- Analysis of variance of treatments effects on weeds dry weight (with control treat)
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Table 4- Comparison of weeds dry weight in treatments (with control treat)
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Table 5- Analysis of variance sprayers technological specifications
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Table 6- Comparison of sprayers’technological specifications
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Introduction: Nowadays, the tractor mounted boom sprayer is used in many agricultural fields. These sprayers have
many advantages compared to other sprayers, but in Iran, their field efficiency is much lower than that of the developed
countries, because the tank volume and consumption of pesticides per hectare is often so highthat spraying per hectare
takesa long time for handling the solutions and transporting the sprayers. Also spray droplet size is ordinarily high and
its distribution is unknot uniform. So, often spraying and dropping top parts of plants on the earth is inevitable.
According to studies carried out in the country during the years 2005-2008 in the agricultural research centers in several
provinces such as Khuzestan, four types of sprayers including tractor mounted sprayer, atomizer, microner, and
electrostatic atomizer were studied and some of the results obtained include the following. From the point of view of
percentage of crash crop, tractor mounted sprayer has the highest percentage, but microner sprayer had the lowest. From
the point of view of the solution of consumption amount and spraying cost per hectare, the operation of the tractor
mounted sprayer and electrostatic sprayer had the highest and the lowest ranks, respectively. Atomizer sprayer had the
highest effect on the percentage amount of weed control, but it requires a high amount of water consumption, high drift
and low operation (Safari and Lovaimi, 2010).

Materials and Methods: The experiment was carried out during 2012-2013 in the field of agricultural research located
in the Mollasani city located 20 km near Ahvaz. In this study, tractor mounted spinning disk sprayer (mounted microner
sprayer) was evaluated in comparison with conventional boom sprayer on weeds control. The treatments included
medium (3500 rpm) and low (2000 rpm) speed rotation disk sprayer and two types of nozzle in conventional boom
sprayer. One of them was an Italian tee jet nozzle and the other one was flowage nozzle and they were compared with
control treatment. Experiment design was Randomized Completed blocks Design (RCBD) with seven replications.
Parameters such as spraying quality, diameter, volume mean diameter and numerical mean of droplets, spray quality
factor, the percentage of crash crop, weeds dry weight and number, percentage of weed control and the drift were
measured. The results were compared with a control treatment. For comparative tests between the sprayers, the
measured parameters were compared with each other using SAS software.

Results and Discussion: Volume mean diameter and numerical mean diameter in tractor mounted microner sprayer
with medium and low speed rotation disk treatment and also tractor mounted boom sprayer with Italian fan nozzle
treatment were metered 162.5, 461 and 635.5 micron, and 138.5, 355 and 452.5 micron, respectively. Volume mean
diameter related to numerical mean diameter was obtained to be 1.17 and 1.3 for tractor mounted microner sprayer with
medium and low levels of speed rotation disk, and 1.4 for tractor mounted boom sprayer with Italian fan nozzle,
respectively. Whenever the spray quality coefficient is closer to one, the spray quality is better. So microner sprayer
treatment with 1.17 coefficient has the best spray quality. The results about weeds control numbers showed all
treatments had significant difference with control treat in 1% levels (Table 3). Evaluating all treatment results showed
the flowage nozzle with 22.57 weeds number and 27.26 g. weeds dry weight had significant difference with other
treatments in 1% levels that was the best operation (Table 4). In comparison of sprayers’ technical evaluation, all
treatments had significant difference in 1% levels, so the flowage nozzle with 191.66 Lha solution consumption and
microner treatment with medium speed rotation disk with 44.38 Lha solution consumption were the most and the least
treatments. And they have significant difference in 1% levels (Table 5). The most percent of crop loss belonged to
sprayer boom tractor with flowage nozzle (27.03%) and the least belonged to microner boom sprayer tractor (6%). The
most percent of drift belonged to microner boom sprayer tractor with medium speed of rotation disk (76.19%) and the
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University, Ahvaz, Iran
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least belonged to sprayer boom tractor with flowage nozzle (23.81%). The best spraying quality (1.17) was for microner
with medium rotation disk treat (Table 6).

Conclusions: Performance of a sprayers mostly depends upon the working of its nozzle. In this research, two different
sprayers with three typical nozzles were used to control wheat crop weeds. In general, the tractor sprayer of microner
(40 million Rials) is more expensive than the typical boom sprayer, and because most farmers owntractor mounted
boom sprayers the most convenient and least expensive method is to use Italian fan nozzle (standard) due to lower cost
and higher performance. However, there are many effectiveness parameters to select a suitable sprayer for the field. But
on the bases of the sprayer's technological specifications, weed control parameters, economical parameters and etc.,
technical methods such as Analytical Hierarchy Process (AHP) or other ones are proposed to choose the better sprayer
for pesticide applications.

Keywords: Microner, Nozzle, Sprayer, Tractor, Treatment, Weeds
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Table 1- Material properties of tread

Sl o3le

C10 (kPa) C01(MPa)
Rubber material

& 806.1 1.805
Tread
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Table 2- Estimated Young's modulus in the principal (x) and (y) directions
Aownd oS,
Belt Carcass
E, (kPa) E(kPa) E,(kPa) Ey(kPa)

ol ))91).3
Estimated

11.68 28.91 13.8 1124

Table 3- Estimated material properties and constants for the belt and carcass plies
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. . ' ransverse Young's egree of anisotropy
Material Longitudinal Young's modulus E, (kPa) modulus E, (kPa) EJE,
1) S — bl
(0r5,8) S - 05l 1124 13.8 80
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Table 4-Measured cord angle, shear modulus and Poisson's ratio
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o oisson's ratio
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Table 5- Measured material properties and constant
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Table 6- Different values of speed, dynamic load and inflation pressure applied in experimental and numerical tests

oy s oo
Speed (m s™) Vi=0.25
W
Dynamic load (kN) W=1
oL Hlis
Inflation pressure(kPa) P,=100

V,=045 V;=065 V,=090 Vs=1.15
sz 2 W3: 3 W4: 4 W5: 5
P,=200 Pi=300 - -

60 A

50 A

40

30 A

(N) ilé cooglio
Rolling resistance (N)

10 A

—&— P1=100 kPa
—&— P2=200 kPa
P3=300 kPa

0.4

0.6 0.8

(ms-1) sgpin <oy
Speed (ms-1)
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Fig.3. The effect of forward speed on tire rolling resistance under different values of inflation pressure and dynamic
load 0f 2000 N in experimental tests
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Fig.4. Tire rolling resistance changes under different values of forward speed, inflation pressure of 100 kPa and
dynamic load of 2000 N in numerical tests
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Validation of the finite element simulation to estimate the rolling resistance of a
non-driving wheel with experimental tests
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Introduction: Encountering soil from the viewpoint of management and product manufacturing has always been
considered important, and an attempt is always made hat the tools and contrasting methods of soil be designed in such a
way that itself prevents, as much as possible, the destructive consequences or energy waste that include economical or
environmental limitations. Enhancing the soil encountering methods, quality reformation, and its related equipment,
requires performing reliable tests in actual soil conditions. Considering the complexity and variety of variables in soil
and machine contrast, this is a hard task. Hence, the numeral simulations are the key of all optimizations that illustrate
efficient models by removing the costly farm tests and reducing research time. Tire is one of the main factors engaged
with soil, and it is one of those tools that are discussable in both farms, and software environments. Despite the
complexities in soil behavior, and tire geometry, modeling, tire movement on the soil has been the researchers’
objective from the past.

Materials and methods: A non-linear finite element (FE) model of the interaction of a non-driving tire with soil
surface was developed to investigate the influence of the forward speed, tire inflation pressure and vertical load on
rolling resistance using ABAQUS/Explicit code. In this research numerical and experimental tests were done under
different conditions in order to estimate tire rolling resistance. In numerical tests, the soil part was simulated as a one-
layer viscous-elastic material with a Drucker-Prager model by considering realistic soil properties. These properties
included elastic and plastic properties which were obtained in the soil laboratory using relevant tests. The soil samples
were prepared from the soil which was inside the soil bin. The same soil was utilized in experimental tests. Finite strain
hyper elasticity model is developed to model nearly incompressible rubber materials for the tire. Tire model consisted
of three components: tread, rubber and ring. Using a soil bin and one wheel tester with their related equipment,
experimental tests were carried out in the workstation of mechanics of bio system engineering department of the Urmia
University. This system includes various sections such as soil storage in dimensions of 22x2x1 meter, tools carrier or
tracker, soil processing equipment, dynamic system, evaluation tools and controlling systems. In order to launch the
collection and supply required power for wheel carrier, an industrial three phase electromotor with 22 kW (30 hp) was
used. Both numerical and experimental tests were done at three levels of wheel dynamic load (1, 2, 3, 4 and 5) kN, tire
inflation pressure (100, 200 and 300) kPa and four levels of speed (0.25, 0.45, 0.65, 0.9 and 1.15) m s to obtain the
rolling resistance of the tire.

Results and discussion: In order to evaluate the performance of final non driving tire-soil model to estimate the rolling
resistance, numerical results were compared with preliminary experimental data obtained from the soil-bin tests. The
comparison showed reasonably good agreement between the computed and measured general pattern of the rolling
resistance at the tire-soil interface under different speeds, vertical loads and inflation pressures. In both tests, a
specified relation was not seen between tire velocity and its rolling resistance, as it was not seen in empirical models
such as Wismar and Luce. Correlation coefficient between experimental and numerical data, in the minimum and
maximum value of tire inflation pressure was computed to be 0.06 and 0.016 percent, respectively. The amount of tire
rolling resistance significantly increased with increase of tire vertical load. Correlation coefficient between
experimental and numerical data, in the minimum and maximum vertical loads was computed to be 80 and 87 percent,
respectively. Gent and Walter obtained the same results. The tire inflation pressure and rolling resistance variables had
inverse relation to each other in both numerical and experimental tests. Correlation coefficient between experimental
and numerical data was computed to be 97 and 73 percent in the minimum and maximum tire inflation pressure,
respectively. The gradient of changes in tire inflation pressure - rolling resistance diagram was less in numerical tests.
This was because of differences between real properties and the properties entered into the software.
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Conclusions: To conclude, in this investigation a new 3D tire-soil model was simulated which has specific features.
The experimental results showed that the numerical data of estimation of non-driven tire rolling resistance were reliable.
In both tests, the effect of changes in tire forward speed on rolling resistance was not significant. The amount of the tire
rolling resistance significantly increased with increasing tire vertical load. Changes in tire inflation pressure and rolling
resistance had an inverse relation with each other in both numerical and experimental tests. The slope of rolling
resistance - inflation pressure diagram in numerical tests was less than the same diagram in the experimental tests.

Keywords: ABAQUS, Finite element, Rolling resistance, Soil-bin, Tire/terrain interaction
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Table 1- Energy equivalent of inputs and outputs
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Inputs and outputs (MJ unit ™) Reference
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.LMJ.I .
e S9e 1.96 (Soltani et al., 2013)
Human labor
oyl . .
. 62.7 (Singh and Mittal, 1992)
Machinery
N e 56.31 (Mobtaker et al., 2010)
Diesel fuel
W PITY S
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0397 66.14 (Ozkan et al., 2011)
Nitrogen
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12.44 (Ozkan et al., 2011)
Phosphate
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o 11.15 (Ozkan et al., 2011)
Potassium
ad 112 (Singh et al., 2002)
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Insecticide
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d)L:J." ‘J
T 1.02 (Khan et al., 2009)
Water for irrigation
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T 0.3 (Ozkan et al., 2004)
Farmyard manure
b 9,5
Outputs
Ul . .
15.5 (Pishgar-Komleh et al., 2012; Tsatsarelis, 1991)
Lint
b ey 18 (Pishgar-Komleh et al., 2012; Tsatsarelis, 1991)
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1- Marginal physical productivity
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Table 2- Greenhouse gas emission coefficients of agricultural inputs
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Reference (kg CO,eq unit™) Unit Inputs
(Dyer and Desjardins, 2006) 0.071 Joile %55)9L“5 S L"’u‘“"*°
MJ  Agriculture machinery
(Dyer and Desjardins, 2003) 2.76 )“J J)‘° Co g
lit Diesel fuel
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Chemical fertilizers
(Lal, 2004) 13 Py kS 09
kg Nitrogen
(Lal, 2004) 02 PSS S
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Chemicals
(Lal, 2004) 39 P skS oSk
kg Fungicide
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Table 3- Type and date of different operations for cotton production in Golestan province

Operations type Ollos so

Date

P35 0 215 b gl w3

@3V J e 6 Dec to 5 Jan
First plowing with moldboard
1501, 1 p2lgl5 b pgd povs
DRURP R RIS L pyd e Suigdy Yo Y 21 Apr to 10 Ma;
Second plowing with moldboard 2IY P Y
LA JY) S
(LA JIV) S Cadigodyl YO JID 25 Apr to 15 May

Disc (2 to 8 times)
505 S Sladd Dl 1 Slo

4.21
Average number of disking
4 K s, b cwsls
jA.Q))‘ )LQ% -) «d, b “ o ...'))‘ Y. u‘” \d 50 20 May
Cultivation with rows of four-row
' Jil o9 cublS jlam o, Yo JIYO 25 to 30 days after planting
First weeding
I b .
. Js. i sl jlas 55, ¥ JIYD 35 to 40 days after planting
First irrigation
O Sledd dlaws 274
Frequency of weeding '
b ledd dlaws
i 7.84
Number of spraying
d)lﬁ)j Slady sy wﬁ)t.ﬂ 270

Average irrigation frequency

LD Cadld y
Hand picked
by y dlass

Number of harvesting

AIYOL jop05 Yo

11 Sep to 16 Des

3
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Table 4- Energy inputs and outputs for cotton production in Golestan province

Bgd g Bisdeyy S5 oNbe  mPeS o S Sl ol My
Inputs and outputs  Means energy Minimum Maximum Standard deviation Percentage (%)
53959
Inputs
» 714.7 540.0 810.0 45.69 2.5
Seed
bl 955
2412.8 694.8 9363.9 1300.7 8.4
Human labor
‘o) (6 |
Ore csilueslel 15.6 4.9 314 52 0.1
Land preparation
_— 22 1.5 78 11 0.01
Planting
cal
> 1190.1 225.4 8467.2 1192.5 4.1
Treatment
sl
b’f 1118.2 282.2 4116.0 541.1 4.1
Harvesting
JE J“’ 23.6 8.8 31.2 5.7 0.1
Transporting
J,'"’" Cog 13184.2 2984.0 25244.0 4287.7 45.6
Diesel fuel
0 ibwodll 4115.4 1351.4 6757.2 1231.8 142
Land preparation
Wls 860.5 0 1126.2 313.9 3
Planting
el
° 7108.1 0 18301.0 3552.1 24.6

Treatment
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Jis J" 1100.4 506.8 2416.8 389.9 3.8
Transporting
SinghiS slaceile 4588.4 1662.0 1961 3828.4 15.9
Agriculture machinery
@L‘”" “L",”_g 4188.9 0 7294.1 1669.7 14.5
Chemical fertilizers
U’”‘“ 3746.5 0 6723.8 1604.6 1.3
Nitrogen
Sl 305.4 0 1034.5 224.1 1.1
Phosphorus
"“”L’ 75.2 0 839.9 202.4 0.3
Potassium
e 61.8 0 171.4 56.7 02
Sulfur
@"‘“‘“ e 1035.9 0 2241.4 495.4 3.6
Chemicals
o ,E{ls 108.0 0 540.0 184.1 0.4
Fungicide
oS o> 648.4 0 1214.4 298.8 2.2
Insecticide
oS ke 279.5 0 714.0 301.6 1
Herbicide
(]
“‘)‘*ﬁ ‘,‘ ) 1971.8 0 8812.8 2029.1 6.8
Water for irrigation
i
e 800.6 0 4500.0 1339.1 2.8
Farmyard manure
3929 S350 oo 28898.0 14614.0 61943.0 9495.1 100
Total energy input
B 29>
Outputs
S
12322.5 5580.0 16275.0 2624.1
Lint
‘l .
B 33390.0 15320.0  44100.0 7110.4
Seed
o 5 Eyoe 45712.5 20700.0 60375.0 97345
Total energy input
Machinary
Human labor 169

Dissel fuel
46%

8%

Farmyard manure
3%

Water for
irrigation ) )
7% Chemicals Chemical
4% fertilizers

14%
OlelS sl 53 4y W 5 (6399 sl ot =Y S

Fig.2. The share of energy inputs of cotton production in Golestan, Iran
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Table 5- Energy indicators and forms for Cotton production in Gorgan, Iran

asly oSSl KW
Unit Average Percent
«55)3‘ ui])l; _ 1.58 _
Energy efficiency
&5 o9 J93&e 5 p Sl 0.092 _
Energy productivity kg MJ-!
039 L5))" r°)§9l5 ’d J931§‘ 10.90 _
Specific energy MJ kg!
dj)jl “5}5] S 5 JS?K" 16814.50 _
Net energy MJ ha
.. . .Ia +€,
pefes S Js3 17569.2 61
Direct energy MJ
L s
e S Jsi 11328.8 39
Indirect energy MJ
. ;i e
AR S0 s 5900.18 20
Renewable energy ° MJ
s e o d o|g
b g3 st 2299782 80
Non-renewable energy MJ
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* Includes diesel fuel,human labor, water for irrigation.
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¢ Includes agriculture machinery, diesel fuel, chemical fertilizer, chemicals.
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Table 6- Estimate the relationship between energy inputs and yield of cotton in Golestan, Iran
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Table 7- GHG emission of Cotton production in Golestan, Iran
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Table 8- Economic analysis of cotton production in Golestan, Iran
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Introduction: Golestan province is one of Northern provinces in Iran. The area under cultivation of agricultural
products in this province is 724.697 hectares, of which about 694.618 hectares are used for farm products (AJMDC,
2011). Cotton as one of oilseed is a potential feedstock for biodiesel production (Ahmad et al., 2011). In the study of
energy consumption and greenhouse gas emissions for cotton production in Alborz province, results showed that the
total energy input was 31.237 MJ ha™'. Energy efficiency and energy productivity were 1.85 and 0.11, respectively, and
greenhouse gas emissions of cotton production in Alborz province were 1195.25 kg CO,eq ha™ (Pishgar-Komleh et al.,
2012). Another study on energy analysis, greenhouse gas emissions and economic analysis of agricultural production
was performed in Northern Iran (AghaAlikhani et al., 2013; Royan et al., 2012; Pishgar-Komleh et al., 2011;
Mohammadi et al., 2010; Taheri-Garavand et al., 2010). The aims of this study were to determine the energy flow,
greenhouse gas emissions and economic analysis of cotton production in the Golestan province and also to determine
the effect of energy inputs on cotton yield.

Materials and methods: This research was conducted during 2011-2012 in three areas including Gorgan, Aq’qala and
Gonbad in the Golestan province. The primary data were collected from the rice producers through a field survey with
the help of a structured questionnaire. The number of subjects were studied by the Cochran formula (Snedecor and
Cochran, 1980). Accordingly, 43 cotton producers were determined. In this study, eight energy inputs including seed,
labor, machinery, diesel fuel, chemical fertilizers, chemicals, water for irrigation and farmyard manure for cotton
production system were considered as independent variables. The outputs of the system including lint and seed were
considered as dependent variable. Energy indices including energy efficiency, energy productivity, specific energy and
net energy were calculated. In this study, the effect of energy inputs on yield was estimated using the Cobb-Douglas
function. In order to determine the sensitivity of energy inputs in the production of cotton in the Golestan province, the
marginal physical productivity method was applied. Greenhouse gas emissions, inputs of agricultural machinery, fuel,
chemical fertilizers, chemicals and farmyard manure in cotton production in the Golestan province were calculated by
the coefficients of each of these inputs. For economic evaluation of cotton production in the Golestan province, the
variable costs, fixed and total production per unit area were considered. Economic indices of total production value,
gross income, net income, economic productivity and benefit to cost ratio were estimated. Data analysis was performed
using JMP8 software.

Results and Discussion: Cotton yield in the Golestan province was about 2650 kg ha™'. Average cotton yield in the
Alborz province was reported to be 3430 kg ha™ (Pishgar-Komleh et al., 2012). In this study, diesel fuel had the highest
energy consumer among other inputs like the other studies that have been done on energy crop production in Iran.
Labor energy input with energy consumption of 2413 MJ ha™, is known to be the fourth high-energy input in cotton
production in the Golestan province. However, in many studies in Iran, this input was accounted to be less than one
percent of the energy consumption in the production of agricultural products (Saeedi et al., 2013; Khoshnevisan et al.,
2013; Mobtaker et al., 2012; Mobtaker et al., 2010). Chemical energy input with 1036 MJ ha, was allocated as 3.6%
of energy consumption in the cotton production in the region. Seed energy input was the lowest energy among the other
inputs in cotton production in the Golestan province. The results revealed that the total energy inputs for cotton
production in the Golestan province was 28.898 MJ ha™. The average energy efficiency for cotton production in the
Golestan province was obtained to be 1.58. Energy productivity for cotton production in the Golestan province was
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calculated to be 0.092. From the results of Cobb-Douglas function to determine the relationship between energy input
and yield of cotton in Golestan province, the effects of human labor, diesel fuel, water for irrigation, chemical fertilizers
and farmyard manure inputs on the yield were positive, and the effects of agriculture machinery and chemicals inputs
on cotton yield were negative. Greenhouse gas emission from diesel fuel input hadthe highest value of 646.23 kg CO,eq
ha! with a 45.2 percent share. Farmyard manure with 23.5 percent of greenhouse emissions was identified as the second
largest input in greenhouse gas emissions in cotton production. Variable costs, fixed and total cotton production in the
Golestan province were calculated to be 3042429, 851880 and 3894309 Toman ha™, respectively. Benefit to cost ratio
for the cotton production in the Golestan province was calculated as 1.16.

Conclusions: The results of this study showed that the energy efficiency for cotton production in the Golestan province
was less than the energy efficiency for cotton production in the Alborz province, Hatay province of Turkey, and canola,
soybean and sunflower production in the Golestan province. Also, the energy efficiency of cotton production was less
than that of cotton production in Antalya Turkey and canola in the Mazandaran province. The highest share of energy
consumption and greenhouse gas emissions belonged to diesel fuel with the share of 45.6 and 45.2 percent, respectively.
However, this input accounted for 2.7 percent of variable costs.

Keywords: Cobb-douglas, Cotton, Energy, Greenhouse gas
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Fig. 2. Austaft sugarcane harvester and its important components
1-Topper 2- Crop dividers 3- Base cutter 4- Primary extractor fan 5- Feed rollers 6- Chopper 7- Elevator 8- Secondary
extractor fan

1- Independent and identically distributed
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Table 1- Trend test's results for TBF data of cane harvesters
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Table 2- Correlation test's results for TBF data of cane harvesters
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Cane harvester  Correlation coefficient Rejection of null hypothesis at 5% level of significance
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Table 3- Best- fit distribution for TBF data
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Table 4- Reliability for cane harvesters at the end of
different time intervals
(Colo) gloj (oo oafdos  moa
Time (hour) Old  Middleold New

0 1 1 1

10 0.576 0.695 0.811
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Introduction: The performance of agricultural machines depends on the reliability of the equipment used, the
maintenance efficiency, the operation process, the technical expertise of workers, etc. As the size and complexity of
agricultural equipment continue to increase, the implications of equipment failure become even more critical. Machine
failure probability is (1-R) and R is machine reliability, and that 0<R<1 (Vafaei et al., 2010). Moreover, system
reliability is the probability that an item will perform a required function without failure under stated conditions for a
stated period of time (Billinton and Allan, 1992). Therefore, we must be able to create an appropriate compromise
between maintenance methods and acceptable reliability levels. Precision failure data gathering in a farm is a
worthwhile work, because these can represent a good estimate of machine reliability combining the effects of machine
loading, surrounding effects and incorrect repair and maintenance. Each machine based on its work conditions, parts
combinationand manufacturing process follows a failures distribution function depending on the environment where the
machine work and the machine’s specifications (Meeker and Escobar, 1998). General failures distributions for
contiguous data are normal, log-normal, exponential and Weibull (Shirmohamadi, 2002). Each machine can represent
proportionate behavior with these functions in short or long time.

Materials and methods: The study area was the Hakim Farabi agro-industry Company located 35 kilometers south of
Ahvaz in Iran. Arable lands of this company are located in 31 to 31°10 N latitude and 45 to 48°36 E longitudes. The
region has dry and warm climate. A total of 24 Austoft 7000 sugarcane chopper harvester are being used in the
company. Cane harvesters were divided into 3 group consisting of old, middle aged and new. From each group, one
machine was chosen. Data from maintenance reports of harvesters which have been recorded within 400 hours were
used. Usually, two methods are usedfor machine reliability modeling. The first is Pareto analysis and the second is
statistical modeling of failure distributions (Barabadi and Kumar, 2007). For failures distribution modeling data need to
be found, that are independent and identically (iid) distributed or not. For this, trend test and serial correlation tests are
used. If the data has a trend, those are not iid and its parameters are computed from the power law process. For the data
that does not havea trend, serial correlation testare performed. If the correlation coefficient is less than 0.05 the data is
not iid. Therefore, its parameters reach via branching poison process or other similar methods; if the correlation
coefficient is more than 0.05, the data are iid. Therefore, the classical statistical methods will be used for reliability
modeling. Trend test results are compared with statistical parameter U (Eqn 1).

L =2ZE  In(rea/Te) )
where n is total number of failures, Tn is time of the nth failure and Ti time of the ith failure.

A test for serial correlation was also done by plotting the ith TBF against the (i-1)th TBF, i % 1; 2; . . . ; n: If the plotted
points are randomly scattered without any pattern, it can be interpreted that there is no correlation in general among the
TBFs data and the data is independent. To continue, one must choose as the best fit distribution for TBF data. Few tests
can be used for best fit distribution that include chi squared test and Kolmogorov—Smirnov (K-S) test. Chi squared test
is not valid when the data are less than 50. Therefore, when the TBF data are less than 50, K-S test must be used.
Hence, the K-S test can be used for each TBF data numbers. When the failure distribution has been determined, the
reliability model may be computed by equation (2).

B = [ f(t)d: @)
where R is reliability, fis failures distribution and t is operation time.

Results and discussion: Results of trend analysis for TBF data of sugarcane harvester machines showed that the
calculated statistics U for all machines was more than chi squared value that was extracted fromthe chi square table with
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2 (n-1) degrees of freedom and 5 percent level of significance. Hence, it is possible that all of the machines’ TBF data
will have identically and independent distributions. For validating this hypothesis, correlation testwas performed on
TBF data that verified prior results. Then, Kolmogorov- Simonov test was done on TBF data. Results showed that all
three machines followed Weibull 3 parameters function, but the shape parameter was different for them. The analysis
showed the shape parameter for old, middle aged and new cane harvesters was 1.5, 1.42 and 1.35, respectively.
Conclusions: In order to control and reduce failures and to plan and schedule the harvester operations in optimum time,
machine reliability must be known. In this paper, three sugarcane harvesters were studied individually. From the trend
analysis and serial correlation, it is seen thatthe assumption of identically and being independently distributed was valid
for all machines’ TBF data of sugarcane chopper harvesters.

Keywords: Correlation test, Shape parameter, Sugarcane harvester, Trend test, Weibull function
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Fig. 1. Anthropometric measurement of operators: (1) Standing height (2) Full hand length (3) Popliteal length (4) Seat
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1- Anthropometric data
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Fig. 3. Measurement of tractor seat geometry: (1) Seat pan width, (2) Seat pan height, (3) Seat pan support height
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Fig. 4. Measurement of steering geometry: (1) Distance of steering wheel from seat reference point, (2) Steering wheel
radius, (3) Steering wheel thickness, (4) Steering wheel inclination to the horizontal, (5) Seat reach adjustment
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Table 1- Anthropometric for tractor operators in studied regions

baogo ol Gl B gl Gl Okl
Mean Kerman Karaj Fars Khorasan Isfahan Province
78.37 69.11 74.77 86.36 79.91 81.71 e s
Full hand length
L Jso
104.41 95.14 97.29 110.64 115.88 103.1 ’
Full leg length
ob Jsb
46.83 50 45.18 45.72 47.63 45.62 ‘
Popliteal length
171.73 168.70 171.81 171.51 171.64 175 Mtﬁ‘&wfl
Standing height
3549 3096 4192 3561 3466 3431 ol o200
Seat pan width
46.09  50.29 51 47.89 38.86 42.43 °E'*"‘““‘~""£L“_""'
Seat pan height
. Y L&:]
101.07 93.22 98.74 104.17 103.52 105.73 e A Bl .
Seat back support height
i) el
2413 21.09 2385 21.88 29.17 24.54 &y e
Elbow height
11.12 10.33 11.33 12.23 10.76 10.98 - "'é’&_
Hand pan width
3.5 3.3 - 3.38 3.28 4.07 o s ’J”
Hand grip
72.51 69.14 77.23 74.23 69.51 72.43 28 i

Operator weight
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Table 2- Mean anthropometric data of 5™ and 95" percentile operators in studied regions

P 909 S iy Sdwe slro Bl ol lwgio o3ld
95" percentile 5" percentile Standard Deviation Mean Data
83.16 73.58 7.11 78.37 e g
Full hand length
111.07 97.74 9.89 104.41 b s
Full leg length
49.90 43.76 4.55 46.83 oh Jsb
Popliteal length
178.62 164.84 10.22 171.73 ”%‘ twfl
Standing height
38.61 32.37 4.63 35.49 ol 20
Seat pan width
50.07 42.11 5.91 46.09 ol ;_-ln.s)l
Seat pan height
105.64 96.51 6.77 101.07 ki i)
Seat back support height
26.89 21.32 4.13 24.13 &)l i)
Elbow height
11.78 10.46 0.98 11.12 e “’0’;
Hand pan width
3.84 3.17 0.50 3.5 o > o8
Hand grip
79.58 65.43 10.49 72.51 25 o5
Operator weight
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Table 3- Information about comfort rate for riding in various tractors

dags 15y YAR e 53 YAO (yusgS 53 2515
New Holland  Valtra Ferguson 399 Ferguson 285 Tractor
o 5l L glasyl
57 50 15 40 (S UKLu’f )
Footrest height
20 35 48 35 oSk )
Footset height
2O g pie )8 (65il5 g5
78.07 86.53 90.09 97.11 5515

Operator knee angle during
getting on tractor
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Table 4- Seat geometry Information of various tractors

dags 1l YA puisS 3 YAS cpuisS 3 2SI
New Holland Valtra Ferguson 399 Ferguson 285 Tractor
50 50 50 40 e S o
Seat pan width
45 42 35 40 o S5 Gas
Seat pan height
50 42 35 40 e i )]
Seat pan support height
20 15 15 15 o sl ol B e

Seat adjusting ability
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Table 5- Steering geometry information of various tractors

Sl g 1,dlg
New Holland Valtra

YAR (S5
Ferguson 399

YAD (g 3
Ferguson 285

29515

Tractor

72-92 75-90 70-85 77-92
123 110 120 136
8 10 8 8
10-35 0-45 10 15

39 35 38 43

(acsle) (o g2 po dbais jl ol b aSds alolé
Distance of steering wheel from SRP (cm)
(pobe) ol 450 L
Steering wheel perimeter (cm)

(k) ol 455 ol
Steering wheel thickness (cm)

33 o b gl oS gl
Steering wheel inclination to the horizontal (cm)
(o sl olesh o515
Steering wheel diameter (cm)
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Table 6- Controls lever and workspace geometry of tractors
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Tractor

KWEYWE, 15314 YAQ s 58 YAO (ywoS 8
New Holland Valtra Ferguson 399 Ferguson 285
57-71 60-72 78-92 70-85
54-73 50-62 42-54 75-90
150 140 90 82
155 160 150 70

(o L) g2 yo dlai jl 050 pyal dbols oyt 9 (33508
Min and max distance of gear lever from SRP (cm)
(o slo) g2 yo dlail I Sdg)aum pyol dlold (i 9 o yieS
Min and max distance of hydraulic lever from SRP

(cm)

(eislo) I sLad 2 s
Workspace width (cm)
(il S sLab b
Workspace length (cm)
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Table 7- Information of tractors steering evaluation based on feedback from users

A g 15319 YA puwsS 58 YAO (g5 )8 395155
New Holland  Valtra Ferguson 399 Ferguson 285 Tractor
0.25 0.24 0.2 121 ole i
Steering speed
1.94 1.93 1.7 1.26 S Cwd g9y ooy L

Steering pressure on operators’ hand
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Table 8- Results of tractors control levers activation evaluation

EWEYW 1534 YA (oS yd YAO (pwoS 8 39551,5
New Holland  Valtra Ferguson 399 Ferguson 285 Tractor
05> pyal gilo Jled jd 1 5 Cuwd &S >
1.8 1.51 1.08 1.22 Body and hand movement during gear lever
activation
Sgen oyl (giloJlsd pllin (b g Cows 08 >
1.87 1.87 1.22 1.32 Body and hand movement during hydraulic
lever activation
12.64 11031 167.16 158.19 2 2l sl s gl asly
Elbow angle during gear lever activation
Sidgyen pyal (il b pSin )] s
116.93 109.74 139.24 165.01 Elbow angle during hydraulic lever
activation
ciliseo (gloygsTy p by (gilo b Cundy L) mbs -4 Jgua
Table 9- Results of tractors pedals activation evaluation
Sass 1y YA S d YAO st 3 29515
New Holland Valtra Ferguson 399 Ferguson 285 Tractor
200 sl Jlad oK - Les
1.73 1.44 0.92 12 & I ilodi plin pugb s
Body and foot movement during clutch pedal activation
€€ . R T T "
1.7 1.8 0.96 128 I e il i o b <8 .
Body and foot movement during accelerator pedal activation
oy Iy (il b Al o 5 b S
1.69 1.45 0.92 1.01 pp A ailedud pa g b e,
Body and foot movement during brake pedal activation
‘ . a e. o ‘.
12533 12791 144.6 119.38 & Jrjladud plin gl gl
Elbow angle during clutch pedal activation
11464  117.12 11281 137.34 B Iy iledd plsa gl gy
Elbow angle during acceleration pedal activation
5oy Iy (sl b plSam i3 el
11222 130.06  126.43 107.1 307 Jy sl plSin o 5

Elbow angle during brake pedal activation
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Ergonomic assessment of some commonly used tractors in Iran
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Introduction: Different models of tractors have been imported from foreign countries or assembled in Iran for many
years. Consistency of foreign manufactured products with native specifications and the improvement of locally
manufactured tractors are important problems that must be considered. Moreover, tractor dimensions, sitting space and
some other important factors such as the ability of Iranian users to operate them must be taken into consideration. In this
study, we surveyed the proper proportion of tractors dimension, location of control tools and driver’s work space, with
Iranian users’ anthropometric data of drivers from five provinces. Human factors are of paramount importance in
developing farm machinery given that these machines will often be operated by persons with minimum skills.
Therefore, farm machinery should be made simple to operate and as free from hazards as possible.

Materials and methods: Firstly, the anthropometric data for 250 users 20-60 years old was calculated. The drivers
were selected randomly. Then the specifications of 4 tractors including: Ferguson 285, Ferguson 399, Valtra and New
Holland were compared with the anthropometric data of user in 5th and 95th percentile value and their adaptation was
studied. Anthropometric Data of subjects consisted of: standing height, full hand length, popliteal length, seat pan
width, seat pan depth, elbow height, seat back support height, hand pan width, hand grip and full-leg length. Getting on
the tractor is the first contact of an operator with a tractor. In assessing the suitability of the provision made for getting
on the tractor, an experiment was arranged in which operators tried to get on 3 tractors. The mode of getting on the
tractors, the agony on the operator’s face, the muscular reactions and individual opinion on the difficulties or comfort
while undertaking the task were observed and recorded. The specifications of tractors compared with Anthropometric
Data were measured, whiles the tractors were positioned on a level ground for measurements after the tires had been
ganged. These specifications were tractor height, steering wheel height, footrest height, foot set height; tractor seat
geometry as seat pan width, seat pan depth and seat pan support height; steering geometry as distance of steering wheel
from seat reference point, steering wheel radius, steering wheel thickness, steering wheel inclination to the horizontal
and seat reach adjustment; levers and pedals distance from seat reference point as gear lever, parking brake lever,
hydraulic control lever, clutch pedal, accelerator pedal, brake pedal, front panel, workspace width and workspace
length.

Results and Discussion: The experiment that was conducted with operators attempting to get on the tractors indicated
that tractor steps heights were higher than the desirable limit. Therefore, based on the ideas of the researcher and
tractors drivers, getting on all tractors is difficult. With an increase in the number of steps or a decrease in their heights,
the desirable condition can be created. Seat depth of new Holland and Valtra tractors were great for drivers in the 5th
percentile value. A variable thickness pad can solve this problem. Results of studies indicated that Seat depth of Massey
Ferguson 285 and 399 was shorter than driver’s leg length of 95th percentile value. To solve the problem an increase of
10 centimeters to pad height of these tractors was suggested. Seat pad of tractors were short for drivers in the 95th
percentile value. Distance of steering wheel from seat reference point (SRP) in Massey Ferguson 285 and Valtra was
further than drivers hand length in the Sth percentile value. Therefore, the drivers hand is short for driver’s good
operation. Surveys indicated that drivers had problems for gear lever access in Massey Ferguson 399. Therefore, for
good access on gear lever we must increase seat stroke range by 5-10 centimeters. The record available from
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Meteorological Organization indicated that air temperature and rain throughout the year in the study area is between 20
to 40degrees Celsius and 100to 300mm change. Valtra and New Holland tractors having a driver cabs with heating and
cooling equipment have the ideal space for the performance of their driver. Massey Ferguson 285 tractor does not have
any driver cab and Roll Over Protection Structure (ROPS).

Conclusions: This research was conducted in five provinces of Iran to assess ergonomics of some commonly and new
used tractors in Iran containing Ferguson 285, Ferguson 399, Valtra and New Holland. As there was no data base with
required details, data was collected directly by personal contact with tractor users. A questionnaire was filled out for
each person and anthropometric data was calculated in all provinces for 250 users 20-60 year old that were selected at
random. Then relevant specifications of 4 tractors were measured and compared with the relevant anthropometric data
of users in the 5th and 95th percentile value and their adaptation was studied. The results indicated that tractor steps,
Seat depth, distance of steering wheel and distance of some levers and pedals from seat reference point should be
amended.

Keywords: Anthropometry, Ergonomics, Tractor
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Fig.1. Schematic of ultrasonic set up: 1-Input voltage,
2-Probe, 3- Transducer, 4- Power supply
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Table 1- Selected level of independent variables on
response surface method
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Fig.4. Effect of ultrasonic probe penetration depth on Ecoli count
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Introduction: The common method used for juice pasteurization is the thermal method since thermal methods
contribute highly to inactivating microbes. However, applying high temperatures would lead to inefficient effects on
nutrition and food value. Such effects may include vitamin loss, nutritional flavor loss, non-enzyme browning, and
protein reshaping (Kuldiloke, 2002). In order to decrease the adverse effects of the thermal pasteurization method, other
methods capable of inactivation of microorganisms can be applied. In doing so, non-thermal methods including
pasteurization using high hydrostatic pressure processing (HPP), electrical fields, and ultrasound waves are of interest
(Chen and Tseng, 1996). The reason for diminishing microbial count in the presence of ultrasonic waves could be due
to the burst of very tiny bubbles developed by ultrasounds which expand quickly and burst in a short time. Due to this
burst, special temperature and pressure conditions are developed which could initiate or intensify several physical
and/or chemical reactions. The aim of this study is to evaluate the non-thermal ultrasonic method and its effective
factors on the E.coli bacteria of sour cherry.

Materials and methods: In order to supply uniform ultrasonic waves, a 1000 W electric generator (Model MPI,
Switzerland) working at 20+1 kHz frequency was used. The aim of this study is to evaluate the non-thermal ultrasonic
method and its effective factors on the E.coli bacteria of sour cherry. For this purpose, a certain amount of sour cherry
fruit was purchased from local markets. First, the fruits were washed, cleaned and cored. The prepared fruits were then
dewatered using an electric juicer. In order to separate pulp suspensions and tissue components, the extracted juice was
poured into a centrifuge with the speed of 6000 rpm for 20 min. For complete separation of the remaining suspended
particles, the transparent portion of the extract was passed through a Whatman filter paper using a vacuum pump
(Mehmandoost et al., 2011). Afterwards, the samples were poured into a reactor with diameter and height of 80 and 50
mm, respectively. It is necessary to mention that the dimensions of the reactor were optimized during pretests.

Probe design: One of the most common types of horns used for ultrasonic machining technologies is step type horn
(Nad’, 2010). For obtaining the governing equations on deformation along the step type horn in steady state conditions,
Eq. (1) was used. In the solution of the mentioned differential equation, the answers are divided into two subsets and
each of the answers is obtained considering the boundary conditions (Hosseinzadeh et al., 2013):

as
, | ax dulx, t)+62u(x, )| 9%*ulxt)

1
1S ox dx2 a¢? O

From Eq. (1), it can be concluded that:
wx wx
u(x,t) =(4 cos— + Bsin T)(C cos wt + D sin wt) )

The boundary conditions for Eq. (2) are written as follows:

a) azggcx) =0,x=0
Ju(x) 3)

b) =0,x=1
Lc) o u(O)juinJ
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One of the most important parts in probe design is preventing stress concentration in locations in which the area
changes. To avoid this problem, the displacement in this section must be equal to zero (Hosseinzadeh et al., 2013). For
obtaining the probe length, the displacement equation and the |; parameter are used:

w.x

o= —E.uin.?.sinT 4)

In order to determine the maximum axial stress in step type probe, Eq. (3) and (4) are derived and set equal to
zero. Therefore, the maximum stress will be equal to:
u.

Omax = M. E.—— %)
Optimization and Modeling using Response Surface Method: Response surface methodology (RSM) has an
important application in the design, development and formulation of new products, as well as in the improvement of
existing product designs. It defines the effect of the independent variables, alone or in combination, on processes. In
addition, to analyzing the effects of the independent variables, this experimental methodology generates a mathematical
model which describes the chemical or biochemical processes (Anjum et al., 1997, Halim et al., 2009).

In order to obtain the optimum value, Eq. (1) will be used:

Y; =.30+Z.3ixi+23ijxixj+z.3ijxiz +e (6)

where, B0, Bj, Bij, Bjj are regression coefficients for intercept, linear, interaction and quadratic coefficients, respectively,
while Xi and Xj are coded independent variables and ¢ is the error.

For this purpose, four factors of ultrasonic power (200 to 600 W), wave exposure time (5 to 15 min), probe diameter (20
to 40 mm), and probe penetration depth in sour cherry juice container (0 to 40 mm) were selected. First, the probes with
the desired diameters were designed using the related formulas by using CAD-CAM.

Results and Discussion: Surface Method (RSM) indicated that the quadratic model with 0.96 coefficient of friction,
standard error of 1545.3, and coefficient of variation of 14% is the best model for estimating the number of E.coli
bacteria among the different studied treatments. The results showed that with increasing probe diameter and probe
depth, the destructive effects of ultrasonic wave increase. It was also revealed that as the probe diameter and penetration
depth increase, the destructive effect of ultrasonic wave is initially increased and then follows by a decreasing trend.
With the increasing power of ultrasonic, ultrasonic intensity increases and leads to reducing number of E.coli in sour
cherry juice. The increase in time of treatment with ultrasonic causes a decrease in the number of E.coli in sour cherry
juice. This is due to the fact that the increase of ultrasonic exposure time leads to the increase of sonic stream in reactor
and results in higher contributions of ultrasonic waves to E.coli. Finally, the examined variables were optimized by
RSM and the values of ultrasonic power, waves exposing time, probe diameter, and probe penetration depth were
obtained as 600 W, 15 min, 35.31 mm, 20.83 mm, respectively. Considering the mentioned values, the amount of E.coli
bacteria reduction was estimated to be 1.97 logarithmic period.

Conclusions:

1. Increasing probe diameter and probe depth increasesthe destructive effect of ultrasonic wave.

2. The examined variables were optimized by RSM and the values of ultrasonic power, waves exposure time, probe
diameter, and probe penetration depth were obtained as 600W, 15 min, 35.31 mm, 20.83 mm, respectively. Considering
the optimum values, the amount of E.coli bacteria reduction was estimated to be 1.97 logarithmic period.

3. With the increasing power of ultrasonic waves, ultrasonic intensity increases and leads to a reduction of the number
of E.coli in sour cherry juice.

4. The increase in time of treatment with ultrasonic causesa decrease in the number of E.coli in sour cherry juice.

Keywords: Cavitation, Pasteurization, Power, Probe, Response surface, Ultrasonic
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Fig.1. Noise measurement at 1.5 m away from the exhaust
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Table 4- Analysis of variance for fuel blends
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Table 5- Analysis of variance for microphone position effect on overall noise
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Table 6- Analysis of variance for engine speed
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Table 7- Analysis of variance for fuel blends and microphone position interaction
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Table 8- Analysis of variance for fuel blends and engine speed interaction
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Table 9- Analysis of variance for microphone position and engine speed interaction
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Introduction: There are several sources of noise in an industrial and agriculture environment. Machines with rotating
or reciprocating engines are sound-producing sources. Also, the audio signal can be analyzed to discover how well a
machine operates. Diesel engines complex noise SPL and sound frequency content both strongly depend on fuel
combustion, which produces the so-called combustion noise. Actually, the unpleasant sound signature of diesel engines
is due to the harsh and irregular self-ignition of the fuel. Therefore, being able to extract combustion noise from the
overall noise would be of prime interest. This would allow engineers to relate the sound quality back to the combustion
parameters. The residual noise produced by various sources, is referred to as mechanical noise. Since diesel engine
noise radiation is associated with the operators’ and pedestrians’ discomfort, more and more attention to being paid to
it. The main sources of noise generation in a diesel engine are exhaust system, mechanical processes such as valve train
and combustion that prevail over the other two. In the present work, experimental tests were conducted on a single
cylinder diesel engine in order to investigate the combustion noise radiation during stationary state for various diesel
and biodiesel fuel blends.

Materials and Methods: The engine used in the current study is an ASHTAD DF120-RA70 that is a single cylinder 4
stroke water cooled diesel engine and its nominal power is 7.5 hp at 2200 rpm. The experiment has been done at three
positions (Left ear of operator, 1.5 and 7.5 meter away from exhaust) based on 1SO-5131 and SAE-J1174 standards. For
engine speed measurement the detector Lurton 2364 was utilized with a measurement accuracy of 0.001 rpm. To obtain
the highest accuracy, contact mode of detector was used. The engine noise was measured by HT157 sound level meter
and was digitalized and saved with Sound View software. HT157 uses alow impedance, capacitor microphone with a
unidirectional pattern whose size, sensitivity and frequency range are 1/2", 50 mV Pa™ and 10 Hz to 20 kHz with a flat
extrusion, respectively. Choosing the combination of fuel was carried out according to experiments that have been done
before determining engine operation parameters.

Results and Discussion: Fuel type has a direct effect on the quality of the IC engine's combustion phenomenon. One of
the most important quality parameters that can be fluctuated by fuel type is engine noise. The fuel type has a direct
effect on internal fuel ignition engines and affects the quality of fuel ignition. One of the effects of ignition quality is the
sound of the engine that is very important in terms of both the health and evaluation of engine performance. Two-wheel
tractors are of the most important tools used in agriculture. In addition to agricultural work, they have applications in
rural areas as power generators. No research has been carried out so far in Iran on the sound of two-wheel tractors
fuelled with diesel and biodiesel fuels. Therefore, the sound of the ignition of biodiesel and diesel mixtures in four
stroke, single cylinder, two wheel diesel tractors manufactured by Ashtad Company was studied. The purpose of this
study is to analyze the noise parameters of a diesel engine using B0, B5, B10, B15, B20, B25 and B30 biodiesel-diesel
blends. Biodiesel was produced from waste oil and blended with net diesel fuel to evaluate the Power tiller's engine
noise parameters. This study was carried out at a stationary position and at three positions such as driver's left ear
position (DLEP), 1.5 meter (1.5 MAFE) and 7.5 meters (7.5 MAFE) away from the exhaust at 6 engine speeds (1200,
1400, 1600, 1800, 2000 & 2200 rpm). Statistical analysis and frequency analysis were used to analyze sound of the
engine. The results showed that the sound pressure levels of the engine for B10 fuel have the least amount of noise level
of the sound pressure. However, this fuel has no significant difference at 1% level with B0O, BO5 and B15 fuel. At the
A weight level, that matches the structure of the human ear, and there is no difference between the sound pressure levels
of ignition. Sound pressure level increased with increasing engine speed and the difference is significant at the 1%
level. With increasing speed engine, noise levels increased up to 7.8 dB. Average sound pressure level was 83.76 dB at
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the driver's ear position (79.3 dBA), at 1.5 meters away from exhaust it was 85 dB (80.9 dBA) and at 7.5 meters away
from exhaust it was 79.5 dB (72.4 dBA). The results proved that the lowest and highest sound pressure levels (SPL) of
power tiller take place at B10, and B30, respectively. The SPL increased by 7.8 dB for increasing engine speed from
1200 to 2200 rpm. The test results showed that the average SPL at DLEP was 4.3 dB higher than 7.5 MAFE position.
Conclusions: B10 has minimum sound pressure level (SPL), but its difference with BOO (DIESEL FUEL), BO5 and
B15 is not significant in 1% error level. Considering the NOISH standard, the operator can work with a machine for 8
hours. In DLPE position, the most overcome frequency is 315 Hz for all blends that resulted from exhaustion and
combustion. B10 has a minimum SPL at this peak point significantly lower than other blends. For the used engine in
this experiment, by optimizing muffler design it is possible to reduce SPL of engine in this frequency peak point.

Keywords: Biodiesel, Noise, Power tiller, Sound pressure level
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Introduction: Drying process of agricultural products, fruits and vegetables are highly energy demanding and hence
are the most expensive postharvest operation. Nowadays, the application of control systems in different area of science
and engineering plays a key role and is considered as the important and inseparable parts of any industrial process. The
review of literature indicates that enormous efforts have been donefor the intelligent control of solar driers and in this
regard some simulation models are used through computer programming. However, because of the effect of air velocity
on the inlet air temperature in dryers, efforts have been made to control the fan speed based ont he temperature of the
absorber plate in this study, and the behavior of this system was compared with an ordinary dryer without such a control
system.

Materials and methods: In this study, acabinet type solar dryer with forced convection and 5kg capacity of fresh herbs
was used. The dryer was equipped with a fan in the outlet chamber (the chimney) for creating air flow through the
dryer. For the purpose of research methods and automatic control of fan speed and for adjusting the temperature of the
drying inlet air, a control system consisting of a series of temperature and humidity sensors and a microcontroller was
designed. To evaluatethe effect of the system with fan speed control on the uniformity of air temperature in the drying
chamber and hence the trend of drying process in the solar dryer, the dryer has been used with two different modes:
with and without the control of fan speed, each in twodays (to minimize the errors) of almost the same ambient
temperature. The ambient air temperature during the four days of experiments was obtained from the regional
Meteorological Office. Some fresh mint plants (Mentha longifolia) directly harvested from the farm in the morning of
the experiment days were used as the drying materials. Each experimental run continued for 9 hours, startingat 8:00 am
and terminating at 17:00. To determine the moisture content for the purpose of observing and recording the drying
process, the drying materials were sampled with one hour time step. The moisture contentwas determinedin the
laboratory using the well- known method of oven drying which is presented elsewhere.

Results and discussion: Since the ambient air temperature during the four days of experimental runs was almost the
same, the effect of ambient air temperature on the drying process was ignored. Considering the dryer inlet air
temperature charts obtained in this study (Fig. 2 and Fig. 3), it can be concluded that for those tests using the fan speed
control system, the outlet air temperature of the collector during drying period associated with very little variations, is
compared with the no control mode runs. At the beginning of the day and also during the hours at the end of the day,
due to a decrease in the temperature of the absorber plate compared to the middle of theday, the fan speed is reduced as
air passes slowly through the absorber plate and hence the temperature rises. But in the middle of the day, with
increasing the temperature of absorber plate, the speed of the fan is increased to provide sufficient airflow and to
prevent the absorber plate from warming up. Inexperiments without fan speed control, the fan works with no limitation,
and the temperature of the inlet air was changed with the temperature change in the absorber plate. The fan speed
control system in addition to lowering the temperature changes in the outlet air, also increased the average outlet
temperature about 3°C, compared to the dryer without such a control system. During the twodays of experiments, the
average ambient air temperature was 28°C and at the sametime the outlet air temperature was 40.6 and 40.8°C,
respectively. In twodays of no control system, the average temperature of the ambient air was 28.5 and 28°C and at the
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sametime the outlet air temperature was 38 and 37.8°C, respectively. The results showed that with fan speed control
mode the variation of inlet air temperature of the drying chamber was more limited and remained within the range of 39
to 42 and 40 to 42°C during the two experimental days, respectively. However, without fan speed control, the system
exhibited a wider variation of inlet drying air temperature and limited within the range of 33 to 44 and 32 to 43°C.
Furthermore, with fan speed control in a solar dryer, along with more uniformity in moisture content, the drying rate
may speed up and with further decrease in final moisture content up to 8%, when compared to a system with no fan
speed control.

Conclusions: The average temperatures of the outlet air of collector in two days with fan speed control system, were
40.6 and 40.8°C while in the system without the fan speed control, were 38 and 37.8, respectively. This clearly indicates
that the system control could increase the temperature of the collector outlet. The dryer was also able to control the fan
speed during the 9hours of drying mint with initial moisture content of 85% (w.b) and to reduce it to about 24.5 and
25.5%, during the two experimental days, respectively. While the corresponding values without the use of a control
system were 33.5 and 33.5%, respectively. In other words, in the experiments with the use of control system, the final
moisture content was about 8% lower than the moisture content of materials dried without such a system. Furthermore,
the control system reduces the volume of air required by the system and hence speeds up the drying process.

Keywords: Solar dryer, Fan speed control, Moisture content and drying time
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Table 1- Consumption of inputs during the first year of saffron cultivation

o3ld g9 (65 33 0,5 9S) S0 (3520
Type of inputs Consumption (kg ha)
Lré)“a“’ L5L°’r°)95 3000

Consumed corms

o9 100

Urea

Ammonium phosphate

oo 255 32000

Animal manure

o1b G pan 5yl O

Consumed irrigation water
(Mahdavi, 1999) caul ous 4,5 Jai 3 e i Yoo Jobeo Jlo o 3 ohisj cslyj can bl o e

3000 (m%)"

* The annual water consumption for saffron cultivation was considered equal to 3000 m® (Mahdavi, 1999).
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Fig.3. The effects of harvesting time and machine type on the percentage of cracked shells in the outlet
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