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Table 1- Required Confidence to select hydraulic hose
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Table 2- Maximum allowable flow speed in hydraulic hoses
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Fig. 3. a) The oil reservoir, b) Helical auger and c) Chassis used in the fabricated machine
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Fig.4. The constructed hydraulic hole-digger
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Fig. 5. a) Schematic of the device and its components; (1) Engine, (2) Coupling between engine and hydro-pump, (3)
Hydro-pump’s shell holder, (4) Hydro-pump , (5) Hoses, (6) Chassis, (7) Flow control valve, (8) Guidance and control
handle, (9) Pressure gauge, (10) Flow controller, (11) Hydro-motor, (12) Coupling between auger & hydro-motor, (13)

Auger, (14) Wheels and (15) Hydraulic oil tank complex
b) Hydraulic map of the constructed machine and its parts
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Table 3- ANOVA of the measured parameters affected by the experiment factors and their interaction in silty-clay soil

texture
Olaspo (ko
e . a’ Mean of
R S 53'51 square
Source of Cd g 0319 S para Omile Cod )b s oly Py 5551
it df Specific fuel ti Machine field 9 P C d
variation pecific fuel consumption achine fie Torque (T) ower onsumed energy
(S.F.C) capacity P) (E)
(A) SE co " " - -
Soil moisture 1 1.9x10° 84.5™ 884.9 0.181 45.188
(A)
B) Jhes 3 - - - - .
( _) Jbs% e 2 5.3x10°° 253476.5 8647.3 1.609 1235.62
Soil depth (B)
(AxB) 2 3x10°™ 6.5™ 37.22™ 0.007™ 11.882™
. 12 4.6x10° 32 25.8 0.004 0.941
Error

Amd o Ui 1y 092 )5 xe e NS g doyd V Jlaisl gaws )3 (g0 I me **
** Significant at 1% of probability levels and ™ Non. Significant
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Table 4- ANOVA of the measured parameters affected by the experiment factors and their interaction in sandy-loam

soil texture
Olagyo (piilio
- )y Mean of
Pl dal,‘i square
Source of S g 0319 B pe pile B ks ol drao 5550
L df ifi - ine fi 29
variation Specific fuel consumption Machine field Torque (T) Power Consumed energy
(S.F.C) capacity q ) (E)
(A) S sy - - - - -
Soil moisture 1 1x10°® 128 25394 0.477 13.93
QY
(E?) JosF e 2 5.5x10°" 299522" 620577 1144 1291.83"
Soil depth (B)
(AxB) 2 3x10°%" 2" 66.68"™ 0.012" 4.214™
- 12 6.6x107 10.833 54.368 0.01 0.444
Error

Am3 o L Ty 0er )b e pE NS g eoyd) 98 Jlainl prdaw )3 (390 5l gine o ™y
* ** Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant

bl > 16T ek 5 Cusb, wil cov 6 puSojlul ol ol 1Sl yolie duslie —0 Joda
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Table 5- Mean comparison of the measured parameters affected by soil moisture and depth in silty-clay soil texture

PRSI IENEARY

S cygb, Gos Measured parameters
] (cm) S “9“’_‘:5'1_5 Spa Omilo oyl 9l o'y Prao 555
Soil Soil (Lit.pit?) (Pits.hr?) (N.m) (kw) (kJ)
moisture depth Specific fuel Machine field ToquJe ) Power Consumed
consumption (S.F.C) capacity P energy (E)
Ol sk 10 0.0021° 473 106.89" 1.455° 3.14°
Low
moisture
YL cosh,
High 10 0.00142 478 97.46° 1.327° 2.585°
moisture
ol cugb,
Low 20 0.0053¢ 158° 154.56¢ 2.104¢ 14.68°
moisture
YU cogh,
High 20 0.0033° 164° 141.25° 1.923° 11.872°
moisture
ol cugb,
Low 30 0.0095° 88° 187.196f 2.548" 34.3°
moisture
YU cogh,
High 30 0.006° 90° 167.87¢ 2.285° 28.16"
moisture

)5 gl gime MBI 70 Jlass] pdaws )3 LSD 9051 ol cdians aliio gy (chyls 457 oyt yo p Lo uSibie

Means in each column with the same letters according to LSD test has no significant difference on probability of 5%.
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Table 6- Mean comparison of the measured parameters affected by Soil moisture and depth in sandy- loam soil texture

S 503l s kel )y

S Cugb, (oS Measured parameters
_ (cm) S& Cd g 0329 B puo omile Cud b5 e ol$ o pan 55
Soil _ (Lit.pit?) (Pits.hr ) ’ (k (kJ)
i Soil S (N.m) W)
moisture depth Specific fuel Machine field Torq.ue 0 Power Consumed
consumption (S.F.C) capacity (P energy (E)
by Cogb
ARl S 10 ab
Low 0.0025 515° 92.31° 1256°  3.6375°
moisture
YU cogh,
High 10 0.0018? 519° 75.99% 1.034% 3.317°
moisture
ol cugb,
Low 20 0.0045° 170° 134.81¢ 1.835° 15.78°
moisture
YU o,
High 20 0.0039™ 176" 109.05° 1.484° 14.422°
moisture
ol cugb,
Low 30 0.0097¢ 95° 162.72° 2.215° 34.398°
moisture
YU cogh,
High 30 0.0066° 101¢ 133.52¢ 1.817¢ 30.85¢
moisture

)5 gl gime MBI /0 Jlass] pdaws )3 LSD 9051 ol cditann ailiio gy (hyls 457 gt yo ) Lo uSibie
Means in each column with the same letters according to LSD test has no significant difference on probability of 5%.
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Introduction

Nowadays, the best method for fertilizing trees is spot treatment via hole-digger. Conventional mechanical
hole-diggers have several drawbacks such as auger’s non-continuous and limited speeds due to using a
mechanical gearbox, and risks of getting stuck inside the hole and motor reaction force to the operator. On the
other hand, a three-point hitch hole-digger has problems such as the lack of maneuverability in confined spaces
and high prices. Meanwhile, preparation of these hole-diggers by most farmers and gardeners has no economic
justification. Thus, in this research it has been aimed to handle the mentioned problems and to optimize the
working quality of hole-diggers via designing and manufacturing a new hydraulic hole-digger.

Materials and Methods

To start design the machine, displacement volume and power requirement of the hydro-motor and
consequently displacement volume requirement of a hydro-pump were calculated using the appropriate formulas
(70.83 cm®, 2.3 kW & 7.5 cm’, respectively). According to available hydro-motors and hydro-pumps in the
market and using obtained values of displacement volume, an orbital hydro-motor, BMR-80 model with the
maximum torque of 220 N.m and an external gear pump REXPORT-2APF8 with displacement volume of 8 cm?
and flow rate of 12 L.min™ were chosen. In the following, hydro-pump’s parameters were used to select the
internal combustion engine. The engine power requirement was 2.875 kW (3.85 hp); thus according to the
available engines in the market, a single cylinder gasoline engine, WX168F-1 model that made in Kato company
of China with 6.5 hp power and maximum speed of 3600 rpm was chosen. To transmit the power from the
engine to the hydro-pump, a coupling DK-42 model was used. Also, two pressure gauges, LB-250 model with
maximum pressure of 250 bars were used in the entrance and the exit of the hydro-motor. An hydraulic oil tank
with total volume of 24 liters was made from a sheet metal with thickness of 3 mm. The helical auger used in
this research, was made in china by LIONS Company with cone tip, total diameter of 200 mm and pitch of 180
mm. The fabricated digger has a working depth and diameter of 30 cm & 20 cm, respectively; rotational speed
between 100-160 rpm and maximum power equal to 6.5 hp. In order to evaluate the stress distribution in the
auger set, the static analysis based on maximum dynamic torque exerting on auger’s axle and maximum dynamic
force exerting on auger’s blades, was used in SOLIDWORKS 2013 software. The maximum force 214.07 kgf
(2100 N) proportional to the maximum exerting torque (210 N.m) from soil to the edge of the auger’s blade were
considered in the modelling. Farm experiments were carried out in two citrus gardens with silty-clay and sandy-
loam texture based on factorial test in Completely Randomized Design with three replications. Soil moisture
content as high and low humidity levels (24.85% and 16.12% in sandy-loam and 25.95% and 16.48% in silty-
clay) as the first factor and soil depth as the second factor varied in three levels of low, medium, and high (10, 20
and 30 cm), respectively. The measured parameters consisted of specific fuel consumption, machine efficiency,
auger torque, auger power and used energy. To determine the auger’s torque, the oil pressure measurement
method with two manometers was used in the entrance and the exit of the hydro-motor. After measuring the time
and power needed to dig pits, for determining the used energy, the area under the power-time graph was
calculated in Excel software. Also, to determine the fuel consumption during the experiments, the filled fuel tank
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method was used. Data analysis including analysis of variance (Anova), mean comparisons and interaction
between the parameters were performed using the SPSS 22 software.

Results and Discussion

The numerical stress analysis results of the auger showed that the maximum von - Mises stress is occurred in
the position of the blade-auger axis connections, with a magnitude of 86 MPa. The obtained experimental results
in this study indicated that influence of soil depth and moisture content on the measured parameters were
significant (P<0.01) in both soil textures and the influence of soil moisture on machine efficiency was non-
significant in the silty-clay texture. With increasing soil depth, measured parameters excluding machine
efficiency were increased in both soil textures. In high depth and also in low moisture, regarding to the
increasing soil bulk density and shear strength, more torque was needed for the rotating auger in the soil that this
has led to an increasing in specific fuel consumption of the device. Regarding the results obtained in this study,
minimum specific fuel consumption value of the device (0.0014 liter pit™) was obtained at the low working
depth (10 cm) and the high soil moisture (25.95%) in the silty-clay soil. The hole-digger working capacity at 30
cm working depth and soil moisture content as high and low humidity levels in silty- clay obtained equal to90
and 88 pits per hour and in sandy-loam obtained equal to 101 and 95 pits per hour, respectively. Also, the
maximum device’s power (2.548 kW) occurred in deep soil (30 cm) and low soil moisture in silty-clay texture.

Conclusions
Stress analysis and field qualitative observations results indicated that the fabricated device has sufficient
resistance and strength against maximum torque from tested soils. Field evaluation of the fabricated machine
showed that pit digging operations in soil is not appropriate in low moisture content because of the high fuel
consumption and environmental pollution issues.

Keywords: Design, Hole-digger, Machine efficiency, Power, Specific fuel consumption
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Fig.8. Onion harvesting machine with excrescence axes
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Table 2- Speed ratios derived from different sprocket wheel combinations and kinematic indices derived from different
forward and angular speeds of the rotary axis
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Table 3- ANOVA table of parameters affecting onion harvesting using the examined machine

5 2o @33l p Ol yo Sl F
Source Degree of freedom  Means of squares
o 1 463.1400 605.000"
Depth
Sorde Cop 2 241.129 55.832"
Forward velocity
byee (g S 2 0.574 0.248™
Axes rotational speed
Soybey Sy X o 2 58.019 25.064"
Depthx Forward velocity
bygee (g Gy X Gos 2 6.685 2.888™
Depthx Axes rotational speed
Soris Sy Xlasgme (g cop 4 107.963 46.640"
Axes rotational speedx Forward velocity
Sy C"“)‘“’_XL"’)W 9> s X o ) 4 5.907 2.552M
Depthx Axes rotational speedx Forward velocity
s 36 2.315
Error
S 53
Total
&l s pas NS 7.0 rdaw 43 41> e

* Significant at the level of 5%

" None significant

95
w90
E

z 8
2 =0
E
w
g
Q@

2

S

Z

5 75
70

B Forward velocity 3 (km h-1) OForward velocity 4.5 (km h-1) ®Forward velocity 6 (km h-1)

Sl sy ) Cuibge Mo pd (59 2 ol (g9t Cs o g )5 Bas line -4 JSUS

cd

Depth 20 (cm)

Depth 26 (cm)

(0SSl glatels iz ig3l) 55 (613 sine gl 23 B e )3 (gt 5y LSy CoMle L (sl Silo
Fig.9. Effect of interaction between depth and forward velocity on the success rate of onion harvesting
Means with the same symbol are not significantly at 5% level according to Duncan's multiple range test
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Fig.10. Effect of axes rotational speed and forward velocity on the success rate of onion harvesting.
Means with the same symbol are not significantly at 5% level according to Duncans multiple range test.
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Table 4- Technical specifications of onion harvester machine with excrescence axes
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Jib 106 cm
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L ;
o o= 156.5 cm
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&lf;;)‘ 98 cm
Height
039
. 112 ki
Weight g
5
o 135 cm
Working width
e tn
< e M’b 0.6 hectares per hour
Field capacity
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Introduction

It is common to use rod weeders for onion harvesting according to their prevention of root blocking in front
of the machine and separation of onion bulbs from soil by shaking. Chesson et al., (1977), used a rod weeder for
manufacturing an onion harvester. This machine had a rectangular rotor axis with 25mmx25mm cross section.
The rotor power was provided by a hydro-motor. An investigation into onion losses during the harvesting
operation showed that the majority of crop damages have been occurred due to the collision of rods with onion
bulbs. Therefore, the objective of this study is to design and evaluate an onion harvester based on rod weeders
with the capability of crop harvesting with minimum damage.

Material and Methods

The main components of the examined onion harvester are chassis, furrower, and power transmission system
and excrescence axes. Rectangular 100mmx100mm and 40mmx80mm profiles with 4mm profile thickness are
used to fabricate the chassis. The furrowers were installed on each side of the chassis as the first parts of the
harvester that comes into contact with the soil. Power transmission system provided rotation of two axes from
both sides of the machine due to the lack of space for working of two chains on the one side. Therefore, a
gearbox having one input shaft and two output shafts was selected for the machine. The gearbox output shafts
turn the rotors with a reduction ratio of 1 to 3.5. The rotary motion of the excrescence axes cuts and moves the
soil located under the onions bulbs upward and finally the onion bulbs are placed on the soil surface. Therefore,
excrescence axes can be considered as the main part of the onion harvester. The excrescence shape of the axes
were created by star wheels. Star wheels had a hole with a square section in center (30mmx30mm), for installing
them on their shaft. Choosing this kind of the connection, dose not let star wheels to move freely. Also to limit
the lateral movement of the star wheels on axis, metallic spacers were used between the adjacent pairs of them.
To evaluate the machine performance three variable factors were defined: working depth (20 and 26 cm),
forward speed (3, 4.5 and 6 Km h™) and rotational speed of the excrescence axes (150, 220 and 290 rpm). The
conducted experiments were analyzed in a complete randomized design with three replications.

Results and Discussion

The analysis of variance showed that the working depth and forward velocity of axis had significant effect (in
5% level) on the success rate of onion harvester. Also the interaction between depth and forward velocity and the
interaction between rotational speed of axes and forward speed were significant. The interaction between depth
and rotational speed of axes and the interaction between depth, rotational speed of axes and forward speed were
not significant. Evaluation of the interaction between depth and forward velocity showed that the most success
rate of onion harvesting was in 20 cm depth and forward velocity equal to 3 and 4.5 km h™. The least success
was gained in 26 cm depth with 4.5 and 6 km h™ forward speed. Evaluation of the interaction between rotational
speed of axes and forward speed showed that the most success in the onion harvesting was occurred with a
machine having 3 km h™ forward velocity and 150 rpm rotational speed and also 4.5 km h™ forward velocity and
220 rpm rotational speed.

Conclusions
The success rate of the onion harvesting decreased by increasing the working depth of the machine and axes

1, 2 and 3- M.Sc. student, Assistant professor and Assistant, Department of Mechanical Engineering of Biosystems,
Shahid Bahonar University of Kerman, Kerman, Iran
(*- Corresponding Author Email: Jafarinaeimi@uk.ac.ir)
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distance to the onion bulbs. Also with excessive forward velocity the success rate of onion harvesting decreased
because of difficulties in controlling the tractor guidance in straight line. The best performance of this onion
harvesting machine was in 20 cm depth, 4.5 km h™ forward velocity and 220 rpm axes rotational speed.
Adjusting the machine working parameters according to these values, the ratio of the linear speed of the star
wheel tips to the forward velocity of the machine (kinematic index) was equal to 0.82.

Keywords: Forward velocity, Kinematic indices, Rotational speed, Working depth
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Table 1- Specifications of stihl-070 model chainsaw
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Fig. 2. The holes created on the trigger in order to
control the engine speed
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Table 2- Specifications of vibration data acquisition system
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Spectrum resolution
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Dynamic range
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Table 3- ANOVA results of frequency weighted vibration acceleration (an,)

Ol gt Zuko &3l asyn Ol o pSilo F Value Sold xe
Source of variation Degree of freedom Mean square Sig.
‘“u‘“‘ 3 1.9834 0.61 0.6253"
Operation
9‘_’ g 8 3.2344 1.03 0.4239
Main Error
e 2 138.2113 43.97 <0.0001™
Speed
i 2 261.2091 83.10 <0.0001™
AXIis
o polles 6 4.1173 131 0.2657™
Operation*Speed
cgrircbles 6 48.4876 15.74 <0.0001"
Operation*Axis
REHEEE 4 105.9767 33.72 <0.0001™
Speed*Axis
e pulles 12 8.1201 258 0.0073"
Operation*Speed*Axis
o= p ol 64 3.1433
Error

**: Significant at 1% Level; ns: Non-significant
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Table 4- The Duncan-test between the frequency weighted vibration acceleration (ay,,) of different operations, speeds
and axes at level 5%
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Fig. 6. Vibration acceleration total value, as a function of frequency, in one-third octave bands
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Introduction

Tree felling is an important part of forest exploitation. According to the condition of Iranian forests,
mechanization in these forests has not been grown as it should be. Therefore, a main part of tree felling
operations are performed by chainsaw. This machine can cause high level hand-arm vibration which is one of the
main reasons of white finger syndrome. This syndrome affects the nerves, blood vessels, muscles, and joints of
the hand, wrist, and arm. Reducing and controlling chainsaw vibrations are unlikely to be achievable without
awareness of effective factors of it. So, the effects of various factors should be studied. It seems that, single
cylinder engine and the interaction of the chain with wood can be the main reasons of chainsaw vibration.
Therefore, in the current study the effects of engine rotary speed and wood type on the vibration acceleration of a
common chainsaw have been investigated. In contrast to the previous studies, no-cutting condition as a control sample
was added to experiments and the effects of cutting itself were evaluated. Experiments were also conducted in three
different engine speeds to investigate the effects of interaction between wood species and engine speed.

Materials and Methods

The vibration acceleration was measured on three orthogonal axes on the front handle of Stihl-070 chainsaw.
The measurements were conducted at three levels of engine speed (6000, 7720, and 8630 RPM) during four
operations. The operations include cutting three types of Iranian woods (Beech, Hornbeam, and Alder) and no-
cutting as a control sample. The experiments were conducted in split-factorial design where the operation was
taken as main plot and different speeds and directions as factors. A single-axis piezoelectric accelerometer
(VMI-192) was used to sense the vibration. Vibration signals were received and analyzed by a portable data
acquisition system (Easy Viber). The RMS vibration acceleration at one-third octave frequency bands in the
center frequency range between 6.3Hz to 1250Hz were calculated from acceleration-frequency vibration spectra.
Then, the amounts of frequency-weighted vibration acceleration (an,) were computed based on international
standards. SAS software was used to analyze the data statistically.

Results and Discussion

The results of ANOVA showed that the effect of operation on frequency-weighted acceleration was
insignificant, but the effects of engine speed and vibration axis were significant at the 1% level. When the
chainsaw was free of cutting, the vibration acceleration values were lower in lower frequencies and higher in
higher frequencies compared to cutting wood operations. There was a significant difference between the
vibration acceleration in 6000 RPM engine speed and other two speeds, but the differences between 7720 RPM
and 8630 RPM engine speeds was insignificant. However, an increase in engine rotary speed increased the value
of frequency-weighted vibration acceleration. The acceleration-frequency vibration spectra had peaks at
frequencies in accordance with the engine combustion frequencies (100 Hz in 6000, 125 Hz in 7720, and 160 Hz
in 8630). Maximum value of unweighted vibration acceleration was observed during no-cutting operations in
6000, 7720, and 8630 RPM engine speeds to be 77.2, 138.6, and 139.0 m s, respectively. Vibration acceleration
was highest along the X, (perpendicular to the palm area) equal to 12.05 m.s” followed by Y, axis (along the
third metacarpal bone) with the value of 9.12 m s Altogether, the results of these tests indicated that the
vibration level of employed chainsaw in this study is very higher than other machines has been investigated by
other researchers.

Conclusions
The effects of wood species and engine speed on the hand-transmitted vibration of chainsaw were evaluated.

1- Ph.D. Student of Biosystems Engineering, University of Tabriz, Tabriz, Iran
2- Professor of Mechanical Engineering of Agricultural Machinery, University of Tehran, Karaj, Iran
(*- Corresponding Author Email: masoudfeyzi@tabrizu.ac.ir)
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The operation has not significantly affected the frequency-weighted vibration acceleration. However, cutting
operations, increase and decrease the vibration acceleration values in lower and higher frequencies, respectively.
The frequency-weighted vibration acceleration had higher values in higher engine speeds. Also, it is concluded
that the risk of white finger syndrome among the operators of this type of chainsaw is very high.

Keywords: Chainsaw, Combustion, Frequency-weighted vibration acceleration, One-tired octave bands
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1- Evapotranspiration
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3- Photosynthetically Active Radiation
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1- Controlled Ecological Life Support System
2- Solar Auto-irrigation Rotary Cropping System



1YY 090 Jluwows ¥ 0 jlosds A alor «(5539LiS ocmitlo 43yt YAY

sl oles Fer Woggams

Shp3 il

Rotary cylinder
SFpas

Central lizht

‘Emperatire sensor
e gl g et Ko

B C“"J"‘Ig; 1

Water level sensos | 1

— ] SOl
Cument transmitter

SARCS &lolw sy S5 calise (sljn! 5l Siles )b =Y S5
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Fig. 2. SARCS major components: 1- Rotary cylinder 2- Secondary tank 3- Frame 4- Driving wheel 5- Support wheel

6- Grow bags containing substrate material 7- Trays 8- Freewheel 9- Temperature and humidity sensor 10- Lamp stand
11- LED lamps 12- Electromotor 13- Sprocket wheel 14- Bearing 15- Power transmitting shaft
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1- Maximum Power Point Tracker
2- on-grid
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1- Readily Available Water
2- Field Capacity
3- Maximum Allowable Depletion
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Table 1- Fuzzy model nomenclature
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Very high High Medium  Low Verylow  Light ON  Light OFF ET Humidity  temperature
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Table 2- Some properties of the developed fuzzy model for the prediction of ET

Model type And Method  Or Method

Imp Method Agg Method  Defuzz Method

mamdani min max

min max

centroid
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Table 3- Fuzzy rules of the developed model for the prediction of ET

Light ON

Light OFF

RhvL RhL RhM RhH RhVH
TVL ETM ETM ETL ETL ETL
TL ETH ETM ETM ETL ETL
™ ETH ETM ETL ETL ETL
TH ETVH ETH ETM ETM ETM
TVH ETVH ETVH ETH ETM ETM

RhVL RhL RhM RhH RhVH
ETM ETL ETL ETVL ETVL
ETM ETM ETL ETVL ETVL
ETH ETM ETL ETL ETL
ETH ETH ETM ETL ETL

ETVH ETH ETM ETM ETL
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Fig. 3. Membership functions of the fuzzy model inputs (temperature, humidity, and light) and output (ET)
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Fig. 4. The output of fuzzy model controlling surface of the prediction of ET
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Fig. 5. Variation of the estimated five-second ETs and its inputs in a sample day
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Fig. 6. Variations of the accumulated five-second ETs implying pump performance when drops to zero.
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Introduction
Global increase in the food demand and challenges regarding the water, energy and fertile soil has made it
clear that current strategies are no longer efficient for maintaining food safety. Therefore, attention to novel,
science-based, seasonal and climate-independent farming methods which could result in the higher crop quality
and quantity is an inescapable decision. Among all agricultural practices and technologies, intensive culture and
hydroponic methods in controlled environments play an important role.

Materials and Methods

To address these challenges, an indoor solar-powered auto-irrigate rotary cropping system (SARCS) was
designed and implemented. Arrangement of plants in the surface area of an open-ended drum makes it possible
to use space rather than area to maximize the acreage. An embedded fuzzy control system managed the irrigation
process based on the plant water requirement predictions, and photovoltaic panels (PVs) was responsible for
system electrical energy provision. The drum rotates around its horizontal axis where LED lamps are positioned
to provide light to plants. This structure causes the plants gain the light illumination efficiently while getting
access to water accumulated in the secondary tank positioned beneath the drum. Fertigation fuzzy control was
based on plant evapotranspiration (ET) estimations with temperature, humidity, and light as its inputs. The
instantaneous estimated ETs which were measures for root substrate moisture were summed until reaching its
critical value which is equivalent to plant readily available water (RAW). This tends to trigger a pump
submerged in a primary tank to fill the secondary one up to a predefined height ruled by a level sensor. The solar
energy system consisted of PVs, MPPT, inverter, and battery bank. The SARCS evaluation procedure included
two valid lettuce cultivation in grow bags filled with the same proportions of perlite and coco peat as a root
substrate. The first cultivation used water level sensors to rule the irrigation process (non-fuzzy) while the
second one (fuzzy) were governed by fertigation cycle fuzzy control.

Results and discussion

The results showed that employing these two modes increased lettuce planting density to about 12 times in
the field culture and 4 times in the greenhouse. The energy consumption evaluation revealed that in fuzzy and
non-fuzzy approaches the same amounts of energy were needed. But in fuzzy mode the amount of energy
consumed per kilogram of marketable lettuce was 74.33% less than in non-fuzzy mode. Fuzzy and non-fuzzy
modes utilized 58.81% and 48.41% of the total energy requirements from PVs, respectively. It was calculated
that the solar system is able to supply 51.16 % of SARCS total annual energy requirements in Karaj Province.
The results of water consumption evaluations revealed that the fuzzy approach could cut the needed water to
24%, and improved the marketable product to 74.47%. For producing one kilogram dry and fresh biomass, fuzzy
mode used 50.41% and 55.53% less water than non-fuzzy, respectively. Furthermore, one kilogram marketable
product in fuzzy approach needed 56.46% less water than in non-fuzzy. The averaged water needed for growing
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one lettuce plant in non-fuzzy and fuzzy modes were 15 times less than in field lettuce. The comparison of
growth parameters of harvested lettuce in the two studied approaches revealed that fuzzy mode would have
significantly (P<0.05) higher results in all parameters.

Conclusions
The results suggested that the development of intensive culture strategies would play an important role in the
sustainable agricultural production and food safety. Also, the solar energy utilization in farming practices could
save fossil resources and decrease air pollutions. Finally, purposeful irrigation approaches which are based on
plant water requirement predictions can significantly reduce the total water consumption and improve products
quality. This strategy, therefore can be introduced to other farming practices such as field and greenhouse

methods.

Keywords: Fuzzy logic, Hydroponic, Intelligent irrigation, Rotary cropping, Solar energy
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Table 1- Four process conditions of vacuum spray drying
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Fig.1. SEM images of artichoke leave extract powders in condition of (a) A4 and (b) A; of vacuum spray drying
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Table 3-The analysis of the effect of vacuum spray drying conditions and measuring angle on the single-particle
directional textural features of powdered extracts images
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Source of variation
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Condition of drying

Contrast

Gl Fan g5 e

Correlation  Energy

Homogeneity

A1 (40kPa, 55°C, 2%) 2.87° 0.73° 0.12¢ 0.72°
A,(30kPa, 65°C, 2.5%) 1.65 0.85° 0.21° 0.87°
Ag(30kPa, 65°C, 2%) 1.37° 0.89° 0.29° 0.89%
A4(20kPa, 75°C, 3%) 1.05° 0.91° 0.46° 0.88°
5yl glas
oE 0.21 0.105 0.24 0.0094
@)
Angle
Angle 0° 1.37° 0.88° 0.32 0.86°
Angle 45° 2.143 0.81° 0.22° 0.83°
Angle 90° 1.41° 0.87° 0.27%® 0.85%
Angle 135° 2.032 0.82° 0.268% 0.836%
”'”Z"Ed”b 0.21 0.105 0.24 0.0094
P-Value
. vdft“{” 1:;,» <0.0001  <0.0001  <0.0001  <0.0001
ondition of drying
A“:ﬁg‘ie 0.022 <0.0001 0.065 0.055
X Ly 0.94 0.13 0.82 0.95
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Table 4-The analysis of the effect of vacuum spray drying conditions on the single-particle independent of direction
textural features of extract powder images
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A4(20kPa, 75°C, 3%) 4.49 2.74% 35.223°  13.683°  89.453 206.85°
”'“L";'Ed”“s 0.543 0.395 6.92 3.087 5.99 32.36
P-Value 0.11 0.053 0.002 0.005 0.82 0.014
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Table 5- The analysis of the effect of vacuum spray drying conditions and measuring angle on the mass particles
directional textural features of powdered extracts images

S gade U s S5y
Source of variation Textural features
O Swis byl s Cwlis  (Shugod s o
Condition of drying _ Contrast Correlation  Energy  Homogeneity
A (40kPa, 55°C, 2%) 1.028° 0.77° 0.052¢ 0.69°
A,(30kPa, 65°C, 2.5%)  0.61° 0.87° 0.069" 0.76°
As(30kPa, 65°C, 2%) 0.46° 0.91%® 0.081° 0.80%
A4(20kPa, 75°C, 3%) 0.43° 0.93 0.089° 0.83?
il (sl 0.093 0.014 0.0037 0.017
SE
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Angle
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Angle 45° 0.64 0.85° 0.069 0.75
Angle 90° 0.61 0.89% 0.074 0.76®
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Table 6-The analysis of the effect of vacuum spray drying conditions on the mass particles independent of direction
textural features of extract powder images

JIVELfp eV Bl s S
Source of variation Textural features
C’S_ = 5 Lyl ) 9! Entropy Range Stdfilt Image-std  GLCMstd
Condition of drying Entropy filt filt
A(40kPa, 55°C, 2%) 7.14% 5.16 71.8° 23.29° 61.377 634.3
Ay(30kPa, 65°C, 2.5%) 6.72% 49 51.71% 16.38% 58.600 1059.1
Ay(30kPa, 65°C, 2%) 6.51° 4.75 46.85%® 13.89% 61.707 1096.1
A4(20kPa, 75°C, 3%) 6.32° 4.67 39.83° 11.067° 57.673 1250.3
”'“‘;‘Ed”“‘ 0.17 0.172 7.64 3.3 2.39 339.2
P-Value 0.04 0.26 0.08 0.13 0.57 0.63
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Introduction

The artichoke is part of the foods from the vegetable group that provide important nutrients like vitamin A
and C, potassium and fiber which used as a food and medicine. In the pharmaceutical sector, dried extracts are
used in the preparation of pills and capsules. Dried extracts can be prepared from the dehydration of a
concentrated extractive solution from herbal materials (leaves, roots, seeds, etc.), resulting in a dried powder.
The spray drying is widely used in the preparation of dried powders from extracts of medicinal plants, fruit
pulps. One of the newly developed spray drying techniques is an ultrasonic vacuum method, which strengths of
spray drying by incorporation of ultrasonic atomizer and vacuum chamber. Nowadays, image processing has
been applied to food images, as acquired by different microscopic systems, to obtain numerical data about the
morphology and microstructure of the analyzed foods. For this purpose, microscopy and image processing
techniques could be considered as proper tools to evaluate qualitatively and quantitatively the food
microstructure, making possible to carry out numerical correlations between microstructure data, as obtained
from the images, and the textural properties of food powders. The textural characteristics of the obtained dried
powders are determined by means of a perfect detection by scanning electron microscopy (SEM) pictures, and
analyzed with a statistical approach for image texture studies, which calls the gray level co-occurrence matrix
(GLCM) technique. The object of this study was to illustrate the application of image processing to the study of
texture properties from extract powder using GLCM texture analysis and some vacuum spray dryer conditions
effect on the texture features of mass particles and single particle SEM images.

Materials and Methods

After preparing water extract solution from artichoke leaves, extracts were dried under four conditions of
vacuum spray drying (according to Table 1). To study the texture of the obtained dried extract powders, different
representative features are extracted from the GLCM matrix. The angular second moment (ASM), which is
defined as a measure of the homogeneity of the image, the contrast parameter (CT), which represents the amount
of local variations given by differences in the gray values in the image. The correlation value (CR), which is a
measure of gray tone linear dependencies in the image depending on the direction of the measure (different 0s).
The inverse difference moment value (IDM), which, similar to ASM, quantifies the homogeneity of the image,
however, using a different equation, the entropy parameter (ET), which is a measure that is inversely related to
the order given by the gray tones in the image. Rangefilt and stdfilt calculates the local range and local standard
deviation of an image respectively. Entropyfilt calculates the local entropy of a grayscale image also. Parameters
(ASM, CT, CR and IDM were analyzed in four directions (0°, 45°, 90°, and 135°).

Results and Discussion

The results of analysis of variance showed that, the difference between the textural features of a single
particle and mass particles in four different conditions vacuum spray dryer was significant statistically. Texture
analysis was demonstrated that larger ASM, CR, and IDM values indicate less roughness, whereas larger CT and
ET values indicate more roughness. At lower inlet temperature and higher vacuum pressure, water diffusion in
the material to be slower and allowing the deformation process in the particles to be more pronounced.
Consequently, it was possible to observe that generated smaller particles are rougher and less spherical. When
the concentration is increased, due to the constant concentration of the additive, the ratio of excipient (lactose) to
extraction decreased, as a result were formed a greater number of particles with rougher surfaces. According to
these conditions, the values of CT, ET, rangefilt and stdfilt were larger while ASM, CR, and IDM values were

1, 2, 3- PhD Student, Assistant Professor and Associate Professor, respectively, Department of Biosystems Engineering,
Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran
(*- Corresponding Author Email: Amiriparian@gmail.com)
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smaller. By analyzing the effect of the angle on the oriented textural characteristics, the contrast and correlation
parameter were maximum at the angles of 45 and 135 degrees and 0 and 90 degrees respectively.

Conclusions

Image processing could be auxiliary tools for understanding and characterizing complex systems such as
food and biological materials. In this study imaging-based technique was developed to evaluate the texture
properties of artichoke leaf extract powder at different conditions of vacuum spray drying. The use of higher
temperatures and lower vacuum pressures contributed to faster evaporation rate and production of smoother and
larger particles, thereby increasing ASM, CR, and IDM values and reducing CT, ET, Rangefilt and stdfilt.
Furthermore, the contrast and entropy parameters showed inverse trends in comparison with correlation, energy
and homogeneity. Decrease of solution concentration resulted in the more presence of lactose in the composition
of extract/excipient improves the textural properties of powders. The direction parameter had also affected on
GLCM textural features. Two oriented textural characteristics (contrast and correlation) also showed significant
differences with respect to the nature of particle texture in different directions of measurement. The obtained
data extracted from image analysis may provide valuable information to understand the role of structure with
respect to product functionality.

Keywords: Artichoke leaves, Extract powder, Grey level co-occurrence matrix, Textural features, Vacuum
spray drying
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Table 1- Fluid flow behavior index and consistency index at different concentration levels

K(Pa.sn) n L°= (U‘&)‘f 4@)3) m )
Temperature (°C)  Concentration (degree brix)
0.12 1.48 30 20
0.13 1.55 30 30
0.44 1.36 30 40
3.22 0.96 30 50
30.15 0.7 30 60
15785 051 30 70
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Table 2- Final neural networks after cross validation

Snod ) S Ui b Kle SiPng 4j9) da! aje) S
coefficient of corrolation mean validation error  Topology  Orifice Dimension (mm)  Orifice shape

0.9728 0.0168 8-7-4-2 6 ol
0.9885 0.0138 9-4-2-2 12 R
0.9774 0.0159 8-2-4-2 24 Circular
0.9678 0.0179 10-6-4-2 2x14
0.9768 0.0161 9-3-3-2 4x28 liane
0.9563 0.0198 7-2-4-2 8x6 Rectangular
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Introduction

Science of rheology has numerous applications in various fields of the food industry such as process
assessment, acceptance of products and sales. Fluid behavior changes during processing due to an adverse
change in the consistency and due to the combined operations such as mixing, heating, cooling, etc. In this
regard, viscosity is an important factor for quality assessment in most of the materials. To measure the viscosity,
Viscometer devices are used which are directly in contact with the material. Working with these devices is time
consuming, costly, under the influence of human factors and in some cases periodic calibration is required.

Materials and Methods

Date syrup was used as a viscous material in this study because it industrially is produced. An apparatus
including a reservoir with an outlet orifice at the bottom was made to provide free flow of the liquid. Two sets of
circular and rectangular orifices with different dimensions were used to investigate the effect of the orifice
characteristics on the shape of the flow. Firstly, date syrup viscosity was measured by a conventional viscometer
at 5 temperature levels and 6 concentration levels and behavior of the syrup were studied. Free flow of date
syrup was photographed in the aforementioned temperatures and concentrations. On the other hand extracted
features from the images were used as inputs to the neural network to give outputs as a fluid flow behavior index
and consistency index. Measurement data were divided to three sets including training, validation and test sets
whereas 70% of the data were used for training the neural networks, 15% as the validation set and 15% for
testing the networks.

Results and Discussion

Results showed that similar to most of the liquids, viscosity of date syrup decreases when temperature
increases. The experiments also revealed that the date syrup behavior is expressible with power law and can be
determined using power equation. Date syrup has different behavior at different concentration levels. It changes
from a pseudoplastic liquid to a Newtonian and then a dilatant liquid when concentration increases. Flow
behavior index and consistency index corresponding to all three behavior of the fluid were determined. Results
showed that the neural networks were able to accurately estimate the behavior and consistency indices with
coefficient of correlations up to 0.99. Networks with three hidden layers were completely suitable for the
estimation of the indices. These results revealed that in spite of different behavior of the liquid ranged from
pseudoplastic to dilatant, the method was still able to determine the apparent viscosity of the fluid. Although the
circular orifices were more efficient in determination of the indices than the rectangular orifices, there was not a
significant difference between the uses of circular or rectangular orifices as well as no significant different
between the orifices with different dimensions. The correlation between the actual and estimated values for fluid
flow behavior index and consistency index was 0.98 whereas the mean square error of the validation sets was
about 0.0138 which showed the accuracy of the method.

Conclusions

In this study a new method of viscosity determination was proposed. Machine vision was employed to
estimate the viscosity based on the visual characteristics of the fluid free flow. Date syrup as a liquid with
different rheological behaviors was used to assess the performance of the method. The strong correlation

1- Associate professor of Biosystems Engineering, Shiraz University
2- MSc graduated of Biosystems Engineering, Shiraz University
(*- Corresponding Author Email: ajafari@shirazu.ac.ir)
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between the extracted features and fluid flow behavior index as well as a consistency index proved the reliability
and accuracy of the method for viscosity estimation.

Keywords: Digital image processing, Pattern recognition, Real time, Viscosity
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Introduction
Field management is a part of precision agriculture (PA) which has positive environmental and economic
effects on quality of plant productions. Nitrogen needs of plant, depends on climate conditions and growing
pattern. The optimum of nitrogen fertilizer is varied from fields to fields. Nitrogen management causes uniform
shape and size of potatoes, on the other hand decreases the inward and outward damages (Stark and Brown,
2003). Between different herbal indices, NDVI is the most common for monitoring greenness of plants. NDVI
was calculated from reflectance in red and NIR bands (equation 1). Greenseeker (GS) is a suitable optical sensor
because it is not affected by light and temperature variation or wind intensity.
NIR — Red @)
NIR + Red
In addition to GS, satellite image was used to evaluate the NDVI of studied potato field. Landsat 8 is the last
satellite of this family with new sensors (operational land imager (OLI) and thermal infrared sensor (TIRs)) and
additional spectral bands (deep blue invisible (430-450 nm) and shortwave infrared (1360-1390 nm). At the end,
support vector regression (SVR) and principal component regression (PCR) or multi-linear regression (MLR)
was applied to estimate RMSE and R The input of models was synoptic data, and NDVI extracted from GS or
OLL.

NDVI =

Materials and Methods

The study was performed on marfona cultivar of potato field which located in Bahar city, Hamadan. The
potato was planted early March and experiments were started after growing the first leaves. The soil texture in
the experimented field was sandy loam soil to 75 cm depth. The territory (the southwest corner of the field) was
fertigated by poultry manure with content 4.5% of N in order to put shortage of nitrogen down. Metrology
station of Bahar city reported the maximum, minimum and average temperature, relative humidity, precipitation
and wind velocity which were effective on NDVI variation. The GS was put at a height of 60 cm above the plant
and the average of NDVI was obtained by three times measurement. This sensor has red and NIR diodes which
reflect and absorb the spectra in 660£15nm and 770+15nm regions, respectively. GS and OLI were applied for
measurement every 8 and 16 days, respectively. Satellite images were analyzed two times (30cm height of plant
and hilling stage) during the growing. Although, climate changing were effective on NDVI then some image
corrections were necessary. Geometric and atmospheric corrections were applied for removing the absorption
and distribution error with dark object subtraction and FLAASH algorithm in ENVI 5.3 Software. In addition,
GS is a nondestructive and contactless optic sensor which helps farmers to manage nitrogen because using
laboratory method is not easy way for them. As well as, OLI provided accurate NDVI which support the
accuracy of GS.

Results and Discussion

In order to correlate NDVI-GS and NDVI-OLI, the third parameter (INSEY) was explained. In season
estimation of yield (INSEY) was estimated by dividing NDVI by days after planting (DAP). INSEY index is
suitable to predict product potential performance. PCR and SVR methods in Matlab 2011b was used to
calculated the relationship of INSEY and NDVI. Also, Red and NIR bands extracted from spectrometer
(AvaSpec-ULS 2048- UV-VIS) in the 300-1100 nm region were used in order to support comparison of those
sensors. Results showed that the reflectance spectra changed through the growing stage, which is logic because
the size and number of leaves were increased and as a result the greenness was enhanced. NDVI calculated with
spectra showed more accurate R* for NDVI-GS (0.94) than NDVI-OLI (0.81). In addition, correlation
coefficients of the SVR model between INSEY and NDVI were predicted 0.947 and 0.947 for the GS and OLI,

1- Assistant Professor, Mechanics of Biosystem Engineering, Agriculture Department, Buali Sina University
(*- Corresponding Author Email: hosna.mohamadi@basu.ac.ir)
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respectively.

Conclusions
The result of the study confirmed the useful Greanseeker as an accurate and fast technology for prediction of
NDVI. Among different regression methods, SVR showed the perfect results. Since the farm is a commercial
one and not belong to the university, it would not possible to test different nitrogen fertilizer treatments. It is
obvious that evaluation of field in different consecutive years helps us to codify manual fertilization.

Keywords: Greenseeker, Normalized difference vegetation index, Sattelite images
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1- Plodia interpunctella

2- Sitophilus oryzae

3- Rhynchophorus ferrugineus
4- Free convection
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Sleoguas alod Sl asly
Properties Symbol Value Unite
Sl e o 30.3¢ 1
Relative Permittivity
u“MJ”L*‘ 6)"*’39” u I 1
Relative Permeability
Sl ol o 1.17 smt
Electrical Conductivity
ol
oS cabe k 0.68460 w.m, K
Thermal Conductivity
3“? p 1003 kg.m
Density
b bl G 1.92 JkgK?
Heat Capacity

X :(Al Shwear and Remili, 2016)
XX : (Clarke, 2012)



YYYV  ojle cus 3299559k yulo,S caxi by Co 0 a9z axhd (0 Lo %595 (S

Slosel V Jodo 33 gl 45 5055 s o ed

W5 el g leudais (gjlwdndd (gl

Ages zlgel Woo alaize grg9,S0le dlaizre 1 Jdo duwiin (]
2 edid e Grzmed gladed lalgil s (202 (oS
b ¥ Jgie slhe Slaise bue 4 Coms lacians jl pliS
(£ JSs) s

oy S oy ety pan 4 milo)S jglaled
s sl 3l Se YEOe iS5 b (05 FUMA) 155,50k
(v J5a)

Lo
Qu=z U E) (W)

1 . ®
S o )8 5 Slus bl (gjlwdnnd
s Wwiad Jo el S sl b ojlys Jasl e¥olee

oo lise s dlgo pload sl (Ldgde BB Ip alowgas gloel

392 dadad (gl 3 5lad 9 90 (S 58 Ooleadidio
&5l g dlge olRiolojl o ardgyy g yory olRiimg}y )3 jludnd

Sl sl dbul cas 599,50l ol dbaie sl - Jgda
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o Sl
Size Value (mm)
99,5l m oo 340
Oven width
Oven depth
Oven height
(i ko glad 160
Glass plate radius
Slind axio gl 9
Glass plate height
OGS 5 s dio dlols a5
Glass plate base
.\.‘9» alaaseo uo):- 120
Generator width
e e Gos 76
Generator depth
Vge alaiseo ¢lis)| 23

Generator height
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The sample of wooden
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Fig.6. The pattern of simulated microwave set in Comsol software
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Introduction

In recent decays, the microwave heating treatment is one of the best ways for the pest control. It is difficult to
determine temperature in different parts of materials by Thermometer, but we can solve this problem by Comsol
Multiphysics Software. In a research, results of a farm test were consistent with laboratory data and high
temperature area was belonged to the outer part of wooden piece (Massa et al., 2015). The numerical simulation
of Microwave heating was successfully done for fruits and compared with experimental measurement in two
cylindrically and spherically states by Zhao et al (2011). The results indicated that, the temperature prediction in
a wooden piece under heating of a Microwave system was in conformity with experimental infra-red rays data
(Rattanadecho, 2006). The outer part of the piece was impressed by inspired heating and the inner part by
transmission of heating (Massa et al., 2011). A high frequency structure simulator software, a radiant trumpet
shaped antenna with 2.45GHz frequencies, 100 watt electric power were the tools that were used to predict the
temperature at a Date Palm Wooden piece at 10, 12, 14 and 16 centimeters (Al Shwear and Remili, 2016).
Microwave pretreatment was studied with two factors of Microwave radiation (170, 450, and 850 W) and
Microwave duration (2, 6, and 10 min). It can be concluded that the Ozonolysis is the most effective
pretreatment regarding to saccharification percentage of sugarcane bagasse (Eqra et al,2015). This study has
been done with the aim of fighting with Rhynchophorus ferrugineus blight by microwave and removing toxins
in crops.

Materials and Methods

Samples features such as physical, mechanical and magnetic once were established in both Tehrans Material
and Energy lab and Polymer and Petrochemical Research Center, Then it was simulated by Time_ Temperature
profile software. For simulating research by Comsol Multiphysics software, at first sample and chamber sizes
were determined and the type of material, meshing, 2.45GHz frequencies and the time duration of heating were
measured, respectively. Finally the research was analyzed and Time_Temperature profile which was one of the
outcomes of Multiphysics software was determined. A cubic piece of wood (103x86x78 mm) (Fig. 1), a Digital
Thermometer and a Microwave are the tools which the researcher used in this sample. The temperature was
measured at three different parts of cub diagonal by Thermometer. At first, the wooden sample was divided in
two equal parts and a sensor was placed in the middle of it and then it was placed in the Microwave. The primary
temperature of sample and Microwaves was 27 C. We turn the Microwave on for a period of 10 minutes, after
that we check the wooden piece temperature by Thermometer at 20 seconds intervals.

Results and Discussion

T-test was used to compare statistical results achieved by simulated and experimental temperature of cubic
diagonal. According to T mark at 5 percent level, we can say that there is a significant difference between
simulated and experimental temperature at pointl, however, there is no such a significant difference at 2 and 3
points. In the following phase, the temperature was compared at two simulated and experimental states by
variance analysis test. There was significant difference at 1, 2 and 3 points according to data are shown at figure
4. Moreover, Duncan Post hoc test is shown at figures 5 and 7 that experimental temperature shows no
difference at 1 and 3 points but it makes difference at 1, 2 and 2, 3 points.

Conclusions

1, 2 and 3- PhD student, Associate Professor and Assistant Professor, respectively, Department of Biosystems
Engineering, Ferdowsi University of Mashhad, Iran
(*- Corresponding Author Email: Hassan.Sadrnia@ferdowsi.um.ac.ir)
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Results show that the simulation model can predict the temperature in different parts of a wooden sample.
The temperature will be higher as much as the points will be closer to the wave producer resource. In order to
control pests in the trunk of a tree, we should use several wave generator systems, instead of ones. It is
recommended that cylindrical microwave should be simulated and designed instead cubic ones, because it is
better adjusted with tree stock and the wave generator system is placed on this surface so that the temperature
will be distributed symmetrically along the diagonal.

Keywords: Comsol multiphysics software, Microwave, Simulation, Temperature profile prediction
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Table 1- Different impact energies exerted on potato tubers
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Fig. 1. Depth view of impact damage (all), surface view of impact damage ()
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Table 2- Analysis of variance (ANOVA) for water content, cell turgor pressure, cell area, cell perimeter and impact
damage of potato tissue affected by storage time, impact level and curvature radius of impact location
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content (%) (MPa) (um?) (um) damage (um®)
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Storage time
I“*)‘é t‘ﬁl”'l 2 0.00™ 0.04"™ 370.23" 269.00" 14990.78"
mpact leve
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Storage time x Impact level
ALl glad 5 )bl ol 8 0.07" 1.41" 0.00™ 0.02" 5.78"
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Aol gled s 408 5l )bl ol g 0.06™ 0.03™ 0.00™ 0.09™ 3.23"

Storage time x Impact level x Curvature radius

Causng H13 20 NS o )3 B Jloiis| o )5 (6)b size ¥

Signinificant at 5%, ns no significant
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Fig. 2. Comparison between means of water content of potato tissue during storage. Different letters indicate significant
difference (P<0.05)
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Fig. 3. Comparison between means of cell turgor pressure of potato tissue during storage. Different letters indicate
significant difference (P<0.05)
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Fig. 4. SEM image of potato microstructure, surface section for control sample
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Fig. 5. SEM image of potato microstructure, surface section for impact energy 1 (0.031 J)
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Fig. 6. SEM image of potato microstructure, surface section for impact energy 2 (0.32 J)
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Fig. 7. Calculated area and perimeter of potato cells, depth section for control sample at week 0
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Fig. 8. Calculated area and perimeter of potato cells, depth section for control sample at week 16
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Table 3- Comparison between means for cell area and cell perimeter during storage
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Storage time (weeks) Cell area (um? Cell perimeter (um)
0 23.14x10° +0.2°  564.98 +2.0°
2 19.26 x 10° +0.1°  532.18 +2.0°
4 19.87 x10° £0.2°  552.54 £ 2.0
6 17.16x 10° +0.1° 53043+ 2.0°
8 1512 x 10° £0.2°  510.52 + 2.0°
10 1407x10° 01" 479.73+20°
12 1284x10° £029 44464220
14 9.58 x 10° +0.1" 410.34 +2.0°
16 7.99 x 10° +0.1' 348.80 + 2.0"

F value 269.53 243.49
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Different letters within the same column indicate significant difference (P < 0.05)
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Table 4- Comparison between means of cell area and cell perimeter for impact levels
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Different letters within the same column indicate significant difference (P < 0.05)
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Fig. 9. Calculated impact damage dimensions in depth (_4)l) and surface () sections for impact energy 2 at week 16 and
curvature radius 35 mm
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radius of impact location. Different letters indicate significant difference (P < 0.05)
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Introduction

The mechanical impacts occur mainly during harvesting and post-harvesting operations, lead to the breaking
of cell membranes in cellular structure that dependS on impact intensity. Furthermore, turgor pressure of potato
tissue is influenced by the micromechanical and the physiological changes in the storage duration.
Micromechanical changes of potato tissue due to the mechanical impact need to be monitored by microscopic
images during storage. Scanning electron microscopy (SEM) is a high-resolution technique used to investigate
the micromechanical behavior of potato tissue.

Materials and Methods

Potato samples (‘Sante’ cultivar), were stored at 5 + 0.5'C and 85% relative humidity for 16 weeks. By 2-
week intervals, potatoes were removed from the storage and then the impact test was done. Experimental factors
were impacted energy at three levels of control (no impact was done), impact energy 1 (0.031 + 0.002 J) and
impact energy 2 (0.320+ 0.020 J) and the radius of curvature at two levels of (35 and 45 mm). Water content was
measured by drying thin slab samples in an oven at 70°C to a constant weight. The cell turgor pressure of potato
tissue at 2-week intervals was estimated from the linear regression between turgor values of each mannitol
solution (0-0.6 M) and relative volume change. The microstructural changes of impact location on the potato
tubers were analyzed by SEM images at 2-week intervals during storage period. The surface and depth sections
cutting from the impact location were immediately immersed in 2.5% glutaraldehyde in 0.1 M sodium phosphate
buffer (2 h) at 4+ 0.5 C. The specimens were then rinsed 3 x 10 min in 0.1 M sodium phosphate buffer (pH 7.2),
and dehydrated through an ethanol series, 25, 50, 70, 90 and 100% dry, 15 min each step, 2 x 100%. In this
study the HMDS as a high-quality chemical drying was investigated. The sample preparation for SEM
observation then followed by chemical drying via HMDS, under a laboratory hood overnight. Analysis of
variance test based on completely randomized design (CRD) was considered for all of the data using SPSS 23.

Results and Discussion

Superior preservation of potato microstructure was obtained by hexamethyldisilazane (HMDS) drying during
sample preparation for SEM observation. The MIP software was used for quantitative analysis of SEM images
and the microstructural features of potato tissue at the impact location were determined. So that each cell outline
was manually separated by drawing the lines along the visible contours of cell walls. Measurement of the impact
damage dimensions was done by MIP software for the surface section (major and minor width, w; and w,) and
the depth section (depth, d and major width, w;). The results indicated the significant differences between water
content, cell turgor pressure, cell area and cell perimeter over 16 weeks storage (P<0.05). Generally, by
increasing impact intensity the water content, cell turgor pressure, cell area and cell perimeter significantly
decreased (P<0.05). Also interaction effect of storage time, impact level and radius of curvature for impact
damage of potato tissue was significant (P<0.05).
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Conclusions

The cell turgor pressure at the impact location on the potato tubers had the similar trend with the water
content. SEM investigation showed that potato parenchyma, which was high preserved by HMDS drying, had
consisted of the pentagon and hexagonal thin-wall cells with the average cell area of 23.14 x 10° + 0.178 pum?,
the average cell perimeter of 564.98 £ 2.008 um at week 0. The higher impact damage was at week 16 of
storage, impact level 2 and the radius of curvature of 35 mm compared to the other treatment.

Keywords: Cell turgor pressure, Impact damage, Micromechanical behavior, Scanning electron microscopy
(SEM), Storage time
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Table 1- Selected physical property of two olive cultivars (Jadidi, 2014)

Copo gurs Wiy oS £9;
Property Conservolea  Roghani
<23 0.93(0.02)™  0.8(0.02)
Sphericity
(w; » Z) ‘-"-’5“9) 619"“’ 65-70 55-60
(% in flesh) Water content
(5 3le 7) o9, slyona 25-30 30-35
Oil content (% dry matter)
Gk & SbS Cod  509.(045)  3.88 (0.69)
Flesh/pit ratio (D¢Ds)
AT 158(0.1)  2.00 (0.14)
Stone index (L¢/Dy)
(MM) &35 ol 5.04(0.42) 3.73 (0.61)

Flesh width (mm)
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* L and D were the length and diameter and the subscripts ‘f” and‘s’ stood for fruit and stone, respectively.
** The numbers in parenthesis showed the standard deviations.
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Table 2- Analysis of variance of measured variables in free fall experiment
©lapo (ke
i glo TS Sum of squares
Variables Degree of freedom  S8g5 Coolue  Si8¢5 oo
Bruise area Bruise volume

(a_) ~) 1 4176.917" 1456.697"
Cultivar (a)
(b) o525 .2 2 166.09™ 678.137"
Olive mass (b)
(©) elss) 4 220.495™ 889.174"
Height (c)
axb 2 11.781™ 238.196™
axc 4 25.178™ 422.122™
bxc 8 6.656™ 85.235™
axbxc 8 32.276™ 247.745™
E”:;r 150 23.353 93.988
() s oy 6.64 1212
CV (%)

*
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“and “'show significant effects of factors in probability levels of 5% and 1%, respectively. ns shows not significant.
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Jolgs Tobw SRS Coluo SHSS e
Factors Levels Bruise area (mm?) Bruise volume (mm°)
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R— 60 11.18° 18.53°
%) 65 1454 21.34°
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) 5 10.83° 25.65°
3 Roghani
Cultivar Llg puuS 10.19° 10.96"
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“_*’” 13.24° 19.79°
Light
P> buogte 15.25° 22.18°
Mass Medium
O 16.54° 26.43°
Heavy
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Different letters in the same column indicate significant differences among varieties (P < 0.05).
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Fig. 3. Relation between bruise area and volume for two olive cultivars (a) Conservolea, and (b) Roghani
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cultivars. The error bars indicates standard errors (£SE).
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Introduction

The olive fruit (Olea europaea L.) is so sensitive to impact like many other crops that would lead to
mechanical damage and bruising which reduce the quality of it. The olive fruit damage includes a brownish
bruise at the bruised location. Most mechanical impact damage occurs during harvesting, handling and
transportation. Bruise sensitivity of two common olive cultivars in Iran (cv. Roghani and cv. Conservolea) was
studied by free fall method because of development of the area under olive cultivation in Iran, and necessity to
mechanical harvest in near future.

Materials and Methods

Two cultivar of olive fruit named Conservolea and Roghani were collected from Research Orchard of
Horticultural Department of Isfahan University of Technology. A free-fall device was designed and built to
accomplish an impact experiment which included a load cell monitoring system to measure impact force. The
effect of cultivar, height and mass were studied in a factorial experiment. The factors consisted of two cultivar,
height at five levels, and mass at three levels with 10 replications. The experiments were performed according to
completely randomized design. The effect of impact force and absorbed energy was also studied for the two
cultivars. The dimensions of bruising was measured 24 hours after the tests by a caliper with an accuracy of 0.01
mm. The bruising area and volume was calculated assuming the elliptical model for the bruised region.
Experimental data were subjected to analysis of variance (ANOVA). Mean comparison was performed based on
least significant difference (LSD) test with P<0.05.

Results and Discussion

For both cultivars the bruising occurred under the skin and near to the stone. This could show the effect of
stone at bruising. The shape of bruised region was elliptical in cv. Roghani and spherical in cv. Conservolea. The
bigger stone index and the lower flesh width of cv. Roghani might be one of the reasons of more volume of
bruising in this cultivar. This variety could be due to less sphericity in cv. Roghani than cv. Conservolea. The
distribution of bruising was more in Roghani cultivar since it had more oil and less water content that might led
to more bruising distributed under impact condition so the volume of bruising was more than Conservolea
cultivar. The effects of cultivar, height and mass were significant on area and volume of bruising. Increasing
height and mass significantly resulted to increase the area and volume of bruising for both cultivars. The bruise
area and volume were significantly higher in cv. Roghani. This could be due to differences in physical properties
of the cultivars. Roghani cultivar had a higher pit/flesh ratio in comparison with Conservolea cultivars that could
contribute to more area of bruising in this cultivar. Increasing the force and energy led to increase in bruise
volume for both cultivars. In cv. Roghani, despite the lower levels of force and energy, the bruise volume was
more than cv. Conservolea. The reason of lower energy and force in cv. Roghani might be as a result of lower
mass than cv. Conservolea.

Conclusions

The results showed that the effects of independent variables were significant on the volume and area of
bruising so that, increasing height and mass increased the volume and area of bruising. The Roghani cv. was

1- Phd student of mechanics of biosystem, Faculty of agriculture, Tarbiat Modares University, Tehran

2- Professor, Faculty member of mechanics of biosystem department, Faculty of agriculture, Tarbiat Modares
University, Tehran

3- Professor, Faculty member of mechanics of biosystem department, Faculty of agriculture, Isfahan University of
Technology, Isfahan

(*- Corresponding Author Email: hoda.kargarpour@modares.ac.ir)
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significantly more sensitive to bruising compared to Conservolea cv. The energy and force levels were higher in
cv. Conservolea since it was heavier than cv. Roghani while the volume of the bruise was more in cv. Roghani.
This might be due to the lower sphericity and flesh/pit ratio in cv. Roghani. The shape of mechanical damage
which was appeared with a brownish bruising on olive tissue was related to the geometric shape of the fruit i.e.
for cv. Roghani and cv. Conservolea the bruising was elliptical in and spherical just like the geometric shape of
the cultivars.

Keywords: Absorbed energy, Free fall experiment, Impact force, Mechanical damage, Olive fruit
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Table 2- Coefficients of the linear regression and standardized regression for the equation 5

Model

Unstandardized Coefficients

Standardized Coefficients

B Std.Error Beta T Sig

Constant s s.e -0.234 0.009 0 -26.725 0.00
Age, (day) s oo 0.006 0.000 1.100 99.356 0.00
T aerager °C) lyn ool 0.004 0.000 0.229 20.065 0.00
0.001 0.000 0.083 11.689 0.00
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Fig. 6. Comparison of the ammonia emission rate obtained from the regression relationship with the measured emission
rate in real terms
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Table 3- Comparison of the ammonia emission rate obtained from the regression relationship with the measured
emission rate in real terms

s Sy oty 5 ool Gty ST 35 2Bly gl pad 53 88 03150 Lt 5
Calculated ER from Regression Real data for ER
oS e Ol oS Oy Ol bz g> G
Min Max Average Min Max Average Age of birds
0.000 0.004 0.00038 0.016 0.021 0.018427 12
0.000 0.005 0.001228 0.011 0.020 0.016267 13
0.008 0.017 0.013881 0.016 0.032 0.020656 14
0.007 0.017 0.012331 0.028 0.036 0.032411 15
0.006 0.024 0.015937 0.028 0.039 0.032681 16
0.012 0.028 0.01961 0.028 0.044 0.032735 17
0.026 0.036 0.030802 0.029 0.066 0.039037 18
0.025 0.047 0.031752 0.028 0.117 0.041168 19
0.026 0.043 0.036813 0.028 0.063 0.039095 20
0.040 0.046 0.042747 0.035 0.074 0.057567 21
0.042 0.052 0.047749 0.029 0.063 0.042543 22
0.042 0.055 0.04887 0.053 0.063 0.057421 23
0.076 0.093 0.083947 0.065 0.091 0.075726 29
0.081 0.101 0.090656 0.071 0.096 0.081414 30
0.090 0.104 0.095391 0.073 0.126 0.090414 31
0.090 0.110 0.098864 0.090 0.137 0.109328 32
0.094 0.111 0.101836 0.106 0.193 0.115188 33
0.098 0.118 0.107289 0.109 0.169 0.129599 34
0.109 0.132 0.125808 0.130 0.162 0.142257 35
0.121 0.141 0.129847 0.110 0.182 0.153213 36
0.118 0.140 0.131326 0.154 0.216 0.172654 37
0.119 0.140 0.130921 0.130 0.182 0.161067 38
0.122 0.147 0.132502 0.122 0.182 0.14809 39
0.131 0.152 0.142021 0.108 0.186 0.149547 40
0.130 0.157 0.143218 0.128 0.184 0.155474 41
0.127 0.150 0.142032 0.131 0.180 0.150785 42
0.133 0.159 0.146485 0.130 0.191 0.154063 43
0.135 0.165 0.14819 0.135 0.185 0.154579 44
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Introduction

Iran as one of the largest producers of poultry in Asia and plays major role in feeding the world's population,
particularly in the poultry industry. Research about this industry will help to improve the quality and the quantity
of products. Increasing of the concentration of toxic gases such as NH3 (ammonia), CO, (carbon dioxide), SH,
and CH, in poultry houses comes from bird activity inside the barn is one of the basic problems of the farming.
Increasing the amount of these gases more than standard level would cause heavy mortality and reductions in the
production. Ammonia is one of the most toxic gases in poultry houses, which must be controlled. Different
studies have been carried out on measurement of ammonia emissions from poultry houses to reduce energy
consumption and reduce emissions of ammonia. But no specific study has been found on ammonia emissions in
Iran and there is no reliable documents of ammonia emissions from poultry in this country.

Material and Methods

In this study a poultry house with 18 thousand chickens was used to measure the emission rate of ammonia,
the effect of temperature, moisture and age of chickens on emissions of ammonia in Sabzevar city. The barn was
equipped with semi-automatic mechanical ventilation. At the first step of this research all sensors was installed
for data collection, i.e., air velocity, temperature, humidity and ammonia concentration. Recorded data
information were stored in a central computer. Five digital sensors, model AM2303, have been used to measure
the temperature and humidity of the ambient air quality. The concentration of ammonia in the air inputs and
outputs of the farm was measured using an ammonia sensor model TGS2444 every 10 seconds throughout the
study and recorded in the central system. The average speed of the exhaust air was measured using the hot wire
anemometer probe for every fan. The outputs of all sensors was converted to digital data and transferred to the
central computer using RS485 cable in each module. Converting of the sensors output to digital data reduces
changing the data and probable errors. Ammonia emission rates was found by calculating the concentration of
ammonia and measuring the rate of input air and fans exhaust air by ammonia gas equilibrium equation. Relation
of the ammonia emission rate was achieved using affective factors such as age of the birds and inside air
humidity and temperature by regression method.

Results and Discussion

The average rate of ammonia emission during broiler growing were measured 89 mg per day for each bird.
Ammonia emission rates increased until the age of 37 days and then decreased after the age of 37 days. Age of
birds has the highest impact coefficient and temperature and relative humidity of the barn have the least impact
coefficients on the ammonia emission rate. The ammonia emission rate has also increased by increasing the age
of the bird, temperature and relative humidity of the air. Comparing of the ammonia emission rate derived from
regression equation with real conditions showed that the regression equation method has a high precision for
estimating the ammonia emission rate.

Conclusions

It is showed that the results of this research can predict the ammonia emission rate in the poultry houses and
predict the required ventilation rates to minimize the amount of ammonia concentration. The results of this study

1- PhD student in Department of Mechanical Engineering Biosystem, Faculty of Agriculture, Ferdowsi University of
Mashhad

2- Professor in Department of Mechanical Engineering Biosystem. Faculty of Agriculture, Ferdowsi University of
Mashhad

(*- Corresponding Author Email: aghkhani@um.ac.ir)
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can be used for automatic control system to minimize energy consumption in the poultry houses. According to
the results, the reduction of temperature and humidity in poultry house can be used to reduce the ammonia level.

Keywords: Ammonia emission, Broilers, Regression model, Relative humidity, Temperature
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Table 1- Energy coefficients of different inputs used and output in sugarcane production in plant farms

Olge aaly
Title Unit

(3219 2 J938) 55591 (slgeno

Energy equivalent &
. Reference
(MJ unit?)

odlg
Inputs
SFNS Gox h
Human labor

b cpeilo

Machinary
o593 gl g 59815

ki
Tractor and self-propelled g

gl

kg
Harvester

lacyile plo

. k
Implement and machinery g

i e g0 L
Diesel fuel

stlons poos kg
Pesticides

OFor 355

Fertilizers Nitrogen (N)
Oliud 2o8
Phosphate(P205)

Sl &

Water for irrigation

W S

Electricity

kg

kg

M3
kWh

9>
Output
St

- kg
Sugarcane

1.96 (Ramedani et al., 2011)

9-10 (Kitani et al., 1999)

8-10 (Kitani et al., 1999)

6-10 (Kitani et al., 1999)

47.8 (Kitani et al., 1999)

278.8 (Kitani et al., 1999)

78.1 (Kitani et al., 1999)

17.55 (Kitani et al., 1999)

1 (Erdal et al., 2007)

15.28 (Ghadirianfar et al,2013)

1.2 (Kitani et al., 1999)
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1- Energy Ratio (ER)

2- Energy Productivity (EP)
3- Specific Energy (SE)

4- Net Energy Gain (NEG)
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Table 2- Greenhouse gas (GHG) emission coefficients of agricultural inputs
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Title Unit GHG coefflcu_anlt Reference
(kgCO4eq. unit™)
Lm‘.”.‘m Mj 0.071 (DyerDesjardins, 2003)
Machinary
J_}e.: Cogu kg 2.76 (Kitani et al., 1999)
Diesel fuel
@w Py kg 6.3 (Kitani et al., 1999)
Pesticides
e kg 1.3 (Kitani et al., 1999)
Fertilizers Nitrogen (N)
‘“‘“")‘s" ! kWh 0.608 (Khoshnevisan et al., 2013a)
Electricity
Spagls kg 1.303 (Franca et al., 2012)
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Table 4- Energy inputs and output for sugarcane production in plant farms (MJ ha™)

(LU 1 Jgjl8e) (6551 (mSle

olye . oy
Title Ener(%jii[y)alent Percent
oslg
Inputs
S5 oy 72.47 <1
Human labor
oyl 3339.78 1.91
Machinary
Ji> cég 15630.6 8.96
Diesel fuel
o pyous 20542.19 9.56
Pesticides
039548 355 28237.56 16.45
Fertilizers Nitrogen (N)
Slad 398 722.8 0.41
Phosphate(P,0s)
sl 18195.68 10.44
Water for irrigation
Wy Sl 90978.42 52.2
Electricity
9
Output
JLee 111000
Sugarcane
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Table 5- Energy indices in sugarcane production in Plant farms

olys 2y Ol
Title Unit Average
S5l o i 1.52
Energy ratio
&35 oo kg MJ™: 06
Energy productivity
Gl s MJ kg™ 165
Specific energy
il palls 03938l MJ ha'l -48223.9
Net energy
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Table 6- Greenhouse gas (GHG) emission coefficients of agricultural inputs

Oolps (kg COpeq.ha) uile KW
Title (kgCO,eq. ha) Average Percent
Lm‘}"fm 902.52 <1
Machinery
> o 237.12 <1
Diesel fuel
sttt pye 367.95 <1
Pesticides
ol 35 4771 1.14
Fertilizers Nitrogen (N)
Slind 38 60 <1
(P205)
ot 5 13432.47 3233
Electricity
Spgple 26060 62.73
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Table 7- RMSE and R? for learning algorithms of modeling energy in farms Plant

PSR BIFY O o9l 0313
Test data Train data NH2  NH1
R? RMSE R? RMSE
0.94 0.0079 0.98 0.0037 15 7
0.42 136.9 0.85 12.36 15 10
0.23 52.35 0.55 62.32 19 6
0.52 49.65 0.62 32.512 3 5
0.74 13.235 0.78 9.6 10 7
0.42 36.22 0.42 37.2 4 6
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Table 8- RMSE and R? for learning algorithms of modeling GHG emission in farms Plant

o901 sasls o900 (go3la
Test data Train data NH1
R? RMSE R? RMSE
0.99 6.82x10° 0.99 4.52x10° 5
0.82 0.0085 0.85 0.0012 3
0.65 0.0132 0.72 0.0036 4
0.86 1.23x10™ 0.89 1.52x10° 7
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Table 9- Important factors model derived from the Cobb-Douglas function

Change Statistics

R Square F Sig. F
Change Chamge Dfl D2 Change

R Adjusted R Std Error of
Square Square the Estimate

Durbin-

Model R Watson

1 0.976°  0.92 0.923 0.03795 0.921 204.088 4 40 .0005 1.067




YAY ol gyl 55 Sins adly gl laalS (sba3l8 HLacl a9 9 Slos Susios

x10° Test: R=0.943

«10° Training: R=0.98873

3.8

38| © ©  Data /b

367
3.4
3.2¢
Output 3l
287
267
2.4
227

Data d
Fit e
e Y=T /0

Output

2.5 3
« 10° Target

3.5
x 10

2.5 3
Target

3.5
5

iy (b) el sloosls 5 (8) Bj9el slaodls (293 (63l oad iy w3l g (a8ly plie (o (Siared cupd dumlie =Y JSW
Fig. 2. Comparing R? between actual and predicted values of energy training data (a) and test data (b)
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Fig. 3. Comparing R? between actual and predicted values of greenhouse gases training data (a) and test data (b)
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Table 10- Modelling of Cobb-Douglas Output information

Model Unstandardized coefficients | Standardized coefficients t sig
B Std.Error Beta
(Constant) 2.231 2.303 1.008 0.317
Ln(N) 0.714 0.056 0.844 12.734 0.949
Ln(P) -0.509 0.079 -0.719 -6.451  0.007
Ln(sam) 0.25 0.09 0.275 2.79  0.0001
Ln(elec) -0.088 0.103 -0.095 14.861 0.0001
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Introduction

One of the most important sources of the sugar production is sugarcane.Sugar is one of the eight human food
sources (wheat, rice, corn, sugar, cattle, sorghum, millet and cassava). Also sugarcane is mainly used for
livestock feed, electricity generation, fiber and fertilizer and in many countries sugarcane is a renewable source
for the biofuel. The efficient use of inputs in agriculture lead to the sustainable production and help to reduce the
fossil fuel consumption and greenhouse gases emission and save financial resources. Furthermore, detecting
relationship between the energy consumption and the yield is necessary to approach the sustainable agriculture.
It is generally accepted that many countries try to reduce their dependence to agricultural crop productions of
other countries. The being Independent on agricultural productions lead to take more attention to modern
methods and the objective of all these methods is increasing the performance with the efficient use of inputs or
optimizing energy consumptions in agricultural systems. Energy modeling is a modern method for farm
management that this model can predict yield with using the different amount of inputs. The objective of this
study was to predict sugarcane production yield and (greenhouse gas) GHG emissions on the basis of energy
inputs.

Materials and Methods

This study was carried out in Khouzestan province of Iran. Data were collected from 55 plant farms in Debel
khazai Agro-Industry using face to face questionnaire method. In this study, the energy used in the sugarcane
production has considered for the energy analysis without taking into account the environmental sources of the
energy such as radiation, wind, rain, etc. Energy consumption in sugarcane production was calculated based on
direct and indirect energy sources including human, diesel fuel, chemical fertilizers, pesticides, machinery,
irrigation water, electricity and sugarcane stalk. Energy values were calculated by multiplying inputs and outputs
per hectare by their coefficients of energy equivalents. Input energy in agricultural systems includes both direct
and indirect energy and renewable and non-renewable forms. Direct energies include human labor, diesel fuel,
water for irrigation and electricity and indirect energies consisted of machinery, seed (cultivation of sugarcane
has been done with cutting of sugarcane instead of seed), chemical fertilizer. Renewable energies include
machinery, sugarcane stalk, chemical fertilizer while non-renewable energy consisted of machinery, chemical
fertilizer, electricity and diesel fuel. Energy values were calculated by multiplying inputs and outputs per hectare
by their coefficients of energy equivalents. The amounts of GHG emissions from inputs in sugarcane production
per hectare were calculated by CO, emissions coefficient of agricultural inputs. Energy modeling is an attractive
subject for engineers and scientists who are concerned about the energy management. In the energy area, many
different of models have been applied for modeling future energy. An artificial neural network (ANN) is an
artificial intelligence that it can applied as a predictive tool for nonlinear multi parametric. Artificial neural
network has been applied successfully in structural engineering modeling ANNs are inspired by biological
neural networks.

Results and Discussion
The total energy used in the farm operations during the sugarcane production and the energy output was
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1742883.769 and 111000 MJha, respectively. Electricity (52%) and chemical fertilizers (16%) were the most
influential factors in the energy consumption. The electricity contribution was the highest due to the low
efficiency of energy conversion in electric motors which were used for irrigation in the study area. In some
areas, inefficient surface irrigation wastes a lot of water and energy (in forms of electricity). Another reason is
that electricity energy equivalent for Iranian electricity production is higher than developed countries because
Iran’s electricity grid is highly dependent on fossil fuels, so that 95% of the electrical energy in Iran is generated
in thermal power plants using fossil fuels sources. In addition, the electricity transmission system is too old.
GHG emissions data analysis indicated that the total GHG emissions was 415337.62 kg ha™ (CO2eq) kgCO2eq
ha in which burning trash with the share of 62% had the highest GHG emission and followed by electricity
(32%), respectively. The ANN model with 7-5-15-1 and 5-5-1 structure were the best model for predicting the
sugarcane yield and GHG emissions, respectively. The coefficients of determination (R?) of the best topology
were 0.98 and 0.99 for the sugarcane yield and GHG emissions, respectively. The values of RMSE for sugarcane
production and GHG emission were found to be 0.0037 and 4.52x10°®, respectively.

Conclusions

The statistical parameters of R? and RMSE demonstrated that the proposed artificial neural networks results
have best accuracy and can predict the yield and GHG emission. It is generally showed that artificial neural
networks have good potential to predict the yield of the sugarcane production.

Keywords: Artificial neural networks, Energy, GHG emission, Modeling, Plant
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. S i
el oS T & . Qe
Activity ecled 20 (cebo) el ooy My (1) jskcs Py Jl>l Wy(1) wsls 5]
code Activity description Activity time Moment Probability Worth of activity
(hours) Generating
Function
START START g, 0 1 1 1
001 bl Ol yrons c,\.eg.ol.i'wa & jwoolol 5 Exp(5t) 1 Exp(5t)
Harvester preparation for overhaul
002 Roller zle 102.58 Exp(102.58t) 1 Exp(102.58t)
003 Crop divider 4535 saSlss 26.01 Exp(26.01t) 1 Exp(26.01t)
004 Front wheels gl> (¢laz > 63.22 Exp(63.22t) 1 Exp(63.22t)
005 Rear wheels Cas slag > 42.18 Exp(42.18t) 1 Exp(42.18t)
006 Topper y; yw 26.92 Exp(26.92t) 1 Exp(26.92t)
007 Base cutter ,, aS’ 48.96 Exp(48.96t) 1 Exp(48.96t)
008 Primary extractor fan aJol -8 44.90 Exp(44.90t) 1 Exp(44.90t)
009 Secondary extractor fan 4,4l 3 34.95 Exp(34.95t) 1 Exp(34.95t)
010 Chopper (S 3,5 87.54 Exp(87.54t) 1 Exp(87.54t)
011 Elevator ,YL 56.21 Exp(56.21t) 1 Exp(56.21t)
012 Steering (yloyd puuw 41.62 Exp(41.62t) 1 Exp(41.62t)
013 Cabin ywlS 38.23 Exp(38.23t) 1 Exp(38.23t)
014 Cooling system < 585 oot 78.15 Exp(78.15t) 1 Exp(78.15t)
015 Engine ¢ 98.40 Exp(98.40t) 1 Exp(98.40t)
016 Fuel system sl yoo gus 13.80 Exp(13.80) 1 Exp(13.80)
017 Hydraulic g, 122.94 Exp(122.94t) 1 Exp(122.94t)
018 Check and replace 2 SiL 56.10 Exp(56.10t) 1 Exp(56.10t)
hydraulic hoses
019 Grease application points ;o5 s, 2454 Exp(24.54t) 1 Exp(24.54t)
020 Relief pressures (¢,.5,Lis 4 Exp(4t) 1 Exp(4t)
021 Clyasi g 20700 gyl 42 J5 23.07 Exp(23.07t) 0.5 0.5xExp(23.071)
The need to re-inspection and repairs
022 Some Slyosd 4y 5l pac 0 1 0.5 0.5
No need to re repairs
023 Washing JolS" (g guiisiu 5.88 Exp(5.88t) 1 Exp(5.88t)
024 Lubrication (¢,Sus 5 4.52 Exp(4.52t) 1 Exp(4.52t)
025 Testing and final u’L@e sl g cus 8 Exp(8t) 1 Exp(8t)
Visit
026 Clyasi g 2400 gyl 42 Jl3 90.37 Exp(90.37t) 0.5 0.5%Exp(90.37)
The need to re-inspection and repairs
027 e Slyesd 4 5l pas 0 1 0.5 05
No need to re repairs
END END LL 0 1 1 1
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Introduction

Mechanized harvesting of sugarcane by harvesters and the lack of proper management of harvesting, increase
the cost of production and eventually become unprofitable. In the case of sugarcane harvester, because the
systems are used to be repaired, increasing in system consumption will reduce machine reliability (Failure rate
will increase). So, timely annual overhaul has effective role in enhancing the reliability of sugarcane harvesting
machines. Because of time importance indicator for reducing timeliness cost and work breakdown, project
scheduling techniques and work study especially network models are used. In this study, because of the ability of
GERT networks capabilities in planning and scheduling, GERT networks were used and overhaul scheduling of
sugarcane harvester in Amir Kabir Agro-Industry of Khuzestan province, Iran as a case study was analyzed.

Materials and Methods

The study was carried out in Khuzestan province of Iran in 2016. Data were collected from variety sources
such as opinions and comments of experts and reports and statistics of Sugarcane Agro-Industry. All activity
times are given in hour. At first, the project activities are determined and the work breakdown structure was
drawn. Finally, GERT network was plotted and analyzed. GERT is a procedure, which combines the disciplines
of the flow graph theory, Moment Generating Function (MGF) and Project Evaluation and Review Technique
(PERT) for analyzing stochastic networks having logical nodes and directed branches. Each branch has a
probability that the activity associated with it will be performed. Therefore, GERT provides a visual picture of
the system by means of the corresponding graph and makes it possible to analyze the given system in a less
inductive manner. The following steps are employed, when applying GERT:

1. Convert a qualitative description of a system or problem to a model in a stochastic network form.

2. Collect the necessary data to describe the transmittances of the network.

3. Apply Mason’s rule to determine the equivalent function or functions of the network.

4. Convert the equivalent function into the following two performance measures of the network:

(a) The probability that a specific node is realized.

(b) The moment generating function of the time associated with a node, if it is realized.

5. Make inferences concerning the system under study from the information obtained in the Step 4.

Results and Discussion

In this paper the GERT method has been presented for operations modeling in overhaul sugarcane harvester.
Correct scheduling of the agricultural mechanization project (overhaul) is the required condition for the project
success therefore the GERT network of overhaul sugarcane harvester was plotted. A network is a powerful tool
for scheduling and simulating a project. The project network is defined as a set of activities performed according
to the precedence constraint of the activities. The advantage of the GERT network in the present context is two-
fold. Firstly, this procedure gives the visual picture of the inspection system and secondly, it enables a thorough
characterization of overhaul sugarcane harvester. In this project, after defining activities, we estimate for each
activity as a time. Then we solved the network with the GERT method. According to the materials and methods,
the probability and mean of the completion time of overhaul sugarcane harvester obtained. The worth of
different parts of the network is calculated. For each node, to conclude about the probability and mean can use
the above procedure and predict various events during operations. So with due attention to certain events that are
occurring in the tracks of operation, good decisions can be adopted. Time completion of overhaul scheduling of
the sugarcane harvester is equal to 1164.64 man-hours. Results showed that the network model is increasingly
powerful tool to help project manager who could able to make optimum decision.

1 and 2- Assistant professor, Biosystems engineering Dept., Faculty of Agriculture, Shahid Chamran University of
Ahvaz, Ahvaz, Iran
(*- Corresponding Author Email: hzakid@scu.ac.ir)
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Conclusions
Optimized overhaul planning is a fundamental activity in business profitability because it can increase the

returns from an operation with low additional costs. In this paper, a specific scheduling model for an overhaul
operations scheduling is developed along with an optimal solution GERT method. The purpose of this paper is
studying the application of project scheduling in agriculture, for overhaul scheduling of sugarcane harvester
using GERT method in Khuzestan province of Iran. Time completion of overhaul scheduling of sugarcane
harvester is equal to 1164.64 man-hours.

Keywords: Amir-Kabir Agro-Industry, GERT method, Scheduling, Work Breakdowns Structure (WBS)
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Introduction

Nowadays, enhancing the impact-resistant and wear-resistant properties of the parts and devices used in the
agriculture is necessary to increase the efficiency and lifetime. Among of metals, mild steels due to their
properties and low economic cost widely used in the manufacturing of agricultural equipment, but one of their
problems is the low wear resistance. So, some methods such as carbon surface hardening, induction hardening,
etc., were used to improve the tribological properties. Among of these methods, the nitriding process is an
appropriate surface hardening process. In this process, liquid or gaseous of nitrogen atom is provided and then
using the appropriate conditions such as heat treatment led to nitrogen atoms penetrate into the matrix structure.

Materials and Methods

Nine rebar samples of CK45 mild steel with a diameter of 20 mm and a height of 20 mm were prepared with
a standard number 1.1191DIN. Firstly, the samples were grinded and polished by alumina powder with particle
size of 1 to 3 microns. After cleaning the plasma chamber, samples were placed in the chamber, and the vacuum
was created, then plasma nitriding treatment conditions were selected as shown in Table 1. Then phase
properties, coating composition, structure and abrasion coating, investigated by using XRD, AFM, FESEM and
pin on disc, respectively. Pin on disk wear tests were done according to the standard ASTM G99-90 by pins
abrasive tungsten-cobalt with the spherical head (a radius of 5 mm) and under a load of 10 N in the slurry
containing soft soil with 10% sand (silicon dioxide), a temperature of 31 °C, humidity 38% and linear velocity of
0.1 mm per seconds.

Results and Discussion

The curve of XRD, FESEM and AFM images clearly shows the formation of a completely homogenous layer
nitride on the surface of the CK45 carbon steel, with a hardness of 810 Vickers and friction coefficient of 0.38.
The X-ray diffraction curve indicate the formation of mixed phases y + ¢ and ¢ at the surface, and also the
presence of a- Fe is due to the passage of X-rays and reaching the CK45 carbon steel substrate. The presence of
an unknown peak that was not detected by standard cards, can be related to the presence of nitride in the
diffusion layer. According to the AFM, FESEM images and Debye Scherrer relationship, the average particle
sizes are in the range of 40 to 70 nm, which formed highly uniform structure. The surface hardness profile shows
that the highest hardness of compound layer y + € may be due the influence of nitrogen in the surface layer to
create a complex between surface and Fe,;N and Fe3N, which respectively contain more than 7.9% nitrogen, e-
phase and phase y contain about 6% nitrogen. It is noteworthy that the low flexibility, hard and brittle properties
of e-phase leads to higher hardness and thickness of the compound layer that is about 10 microns. Then,
increasing distance from the surface cause to present a diffusion layer, which can include nitrides alloy with iron
nitride, the thickness of this layer is about 70 microns. It could be notable that the change in the slope of the
graph was shown from 40 to 60 microns, it would due to the emergence of fine-grained alloy nitride in this area,
which deposit at grain boundary and can be reduced mobility of slip systems and prevent their movement.
Fracture energy of the mild steel and plasma nitriding treated mild steel are 57.5 and 57.3 J.cm™, respectively,
which reflects that the softness or flexibility behaviors of samples are similar. However, the abrasive wear
mechanism of the silica-based minerals is the main cause of the degradation and the wear of parts and
agricultural implements. According to the coefficient of friction behavior, the compound layer of composition as
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well as its supporting layer, diffusion layer, both resulting in improved abrasion resistance are as follows:

* Increasing hardness, reducing the coefficient of friction and also preventing scratches on parts of the silica
minerals.

* Increasing adhesion of the coating by the diffusion layer leads to increase the tolerance, as well as tapering
hard coating layer and substrate combination is resulting in increased longevity.

Conclusions

Plasma nitriding treated of CK45 mild steel at 450 °C cause to the formation of compound layer (y+ €) with a
thickness of 10 micron and diffusion layer with a thickness of 70 microns. The quite smooth, homogeneous and
fine grain structure of surface and also formation of compound layer and diffusion layer led to reduce the friction
coefficient of the mild steel by nearly 52% along with the stagnation offracture energy of about 57.3 J.cm™. In
fact, the increasing hardness of the surface led to reduce its coefficient of friction and improve wear performance
of parts.

Keywords: Plasma nitriding, Mild steel, Tribological behavior
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Table 2- Analysis of variance the total and predictive models of Brake power engine
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(sme) ¢ (I)DF)' ’ (E;ti;;Zce) ;(-;SE)M F P-value
(MastJ:r i:del) 14 - 5127.795 7897.321 -
(Biodiesel) o0 1 -0.76214 3.48516 7514496  0.0001
(Ethanol) Jb! 1 -0.97952 5.756815 124.1251 0.0001
(Spead) )9 cas o 1 14.29639 1226.321 2644121  0.0001
(Load) L 1 24.83144 3699.603 79768.66 0.0001
( Biodiesel x Biodiesel ) Jpsom x Jpdon 1 -0.49739 0.442158 9533549  0.00706
( Biodieselx Ethanol) Jgbl x 5360 1 0.513575 0.263759 5.687022 0.02981
( Biodieselx Spead) ¢y x 5550 1 0.236425 0.055897 1205214  0.9583
( Biodieselx Load) ,Lx Jjp3e 1 0.03642 0.001327 0028607  0.2424
(Ethanolx Ethanol) Jgbl x Jsb! 1 -0.44739 0.357731 7.713176  0.013458
( Ethanolx Spead) ¢y x gl 1 -0.01143 0.000131 0002814  0.9583
( Ethanolx Load) ,Lx J4b! 1 0.261425 0.068343 1.473572 0.2424
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( Speadx Load) ,b x sy 1 9.432675 88.97536 1918.434 0.0001
(Loadx Load) ,Lx )b 1 -2.57589 11.85868 255.6899 0.0001
u“-'u‘“-' o 10 - 5127.669 11818.444 0.0001
(Predictive model)
(Error) oLl 20 - 0.867764 - -
(Lack of fit) culs pae 14 - 0.675478 1.505523  0.320152
(Pure Error) 2l ol 6 - 0.192286 - -
(Total) Js 30 - 5128.537 - -
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Fig. 4. Contour plats of the effects of volume ratio of biodiesel and ethanol on brake power in full load and 2800 rpm
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Fig. 5. The optimum points of experimental variables to (a) maximize the specific fuel consumption and (b) minimize
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Table 3- Analysis of variance the total and predictive models of Torque

& Gl cups  Slueggeme
(Sourse) (DF) (Estimate) (SS)
S e 14 - 100208 2608.388  0.0001
(Master model)
(Biodiesel) 540 1 -3.625 78.84375 28.73085  0.0001
(Ethanol) Jsbl 1 -5.125 157.5937 57.42755  0.0001
(Spead) sl e pus 1 -13.375 1073.344 391.1291  0.0001
(Load) ,L 1 126.725 96355.35 35112.13  0.0001
(Biodiesel x Biodiesel ) J5340 % J5390 1 -2.7875 13.88709 5.060489  0.0389
(Biodieselx Ethanol) Jgbl x J3s54 1 3.675 13.50563 4921483  0.0413
(Biodieselx Speed) sy x S350 1 2.875 8.265625 3.012014  0.1019
(Biodieselx Load) L x J5340 1 -0.025 0.000625 0.000228  0.9881
(Ethanolx Ethanol) Jgblx Jeb! 1 -3.0375 16.48975 6.008904  0.0261
(Ethanolx Speed) c.yuw x Jgibl 1 3.125 9.765625 3.558618  0.0775
(Ethanolx Load) L x JgUl 1 0.925 0.855625 0.311792  0.5843
(Speedx Speed) cas yus X s yuo 1 -35.2875 2225.478 810.9694  0.0001
(Speedx Load) b x cue puo 1 -12.975 168.3506 61.34738  0.0001
(Loadx Load) ,Lx b 1 -11.4875 235.8482 85.94314  0.0001
w W e 10 - 100189.1 3190.989  0.0001
(Predictive model)
(Error) olesl 20 - 62.795 - -
(Lack of fit) csls pas 14 - 58.795 6.299464  0.0162
(Pure Error) jalls olus! 6 - 4 - -
(Total) Js 30 - 100251.9 - -




IFAY 090 Jluows ¥ 0 jlosds A alor (55395 cmitlo 4 pis YY"

bl o odal canday Jae ST o b g gu S Llalejl 390
)I ool <l ol 5 sslodls

RR/R\LW}’“@“WJ“LS‘)’OM&MRzaRzﬁ_)[M
O @YU sl (Sed G and o ol &5 0L 0 A9/2Y 4
JJ—D 45(5)9“"4-‘ 3)'.) 399 L5)"’)-.“)91-w§ WUM9L5’)>U )J.)Lo.c

T =-181.363—4.319333B —13.62935E +0.172246S +4.714634L —17.43938B> (&)
+45.93932BE — 76.01982E ? —0.000044S 2 —0.00036SL —0.007192L2

Utlu and ) 55,5 ;oliS jialS cnge dsle 0 30 33,5 oo
L cwcmen ((Kocak, 2008; Ozsezen and Canakci, 2009
BB y9ige (305 glidS (oS g > Sl clale 38l
JSUI alesS 35)) 9= 0l 2 osdle ials ol e e
255 O sl g i e (39 by & > CE g 4 S
CS g 5550 ) e oSl 2l barje canl 3Sae Sl 5V
o35 3yl Jlisl )3 ;3L s @0 g 4 Jgbl s o
S yebay Ly (Rahimi et al., 2009) Ll o inlS 5l
LS el Sl 5 J3opm oS Glocd g ol Lol
S93an ) sy waew o 0l 2 JPUlgm 48 aniS jgluis

FRalPg oy y9Sge oy glutS Sl T ol > &8
E (g bglow 0 Jinden (oo Caws s lis B (N.m)

Al VA Ll 045 55 o Culb gy

S50 9IS (595 2 I 9 I3 e SlaLE TS
CE g 3 Jpds (oo oy GRIFIL P S5 @ g L
byly b plad )> S50 Cogu & Cad j5ig0 ($30)5 p9lidS (oS
Gl o= omly pBalS ol ede b e S 9i9e )8

sl oy pabaBl Sy 1805 Bl asbie S o 4 uns Jpdgn 2le)S
g ogllae (Gl Sl glo &S Ji2gm ch g VL (59515 4
(3% crigwi) solonts
Torgque (N.m)
= TORQUE
056 243 B
246
0.3 -
249
0.24- -
252
_ 0,18 -
o=
-3_-,‘ E 012 %%° 3
"ﬁ; "
= E 0.06 L
o 258 i
258 255 252 249 246

1] 0.1 0.2

03 04 05 06 07 08

() J3e290
Biodesel (lit)

JolS 5l g YA+ (1PM) ey 13 (S35 Ol 59y 2 ol 5 Jpogm (oo o (sl it 535 15 2t =SS
Fig. 6. Contour plats of the effects of volume ratio of biodiesel and ethanol on tOrque in full load and 2800 rpm



YV ol o b9y & J 20 58590 59 Jo s S g (69,50 (slaas L (6 ludingy

5 Jiag Ol Sladoyy 5 085w g e S psba; Ol e (L yiol yly (51 s 59390, gLiciS (63 lcudiags
ST sla JoSso dlawlgdy Gl sl byl 3oy bliay

o e Comddy oo YVO j9lid Gline cpjdr V USS & 425 b
L 920 B S5 gl 202 (a5 230 Sl 5 Jiose VY ey 5 9 (Dr0oBoEo) alls 3o g (sl oS sal

uii}—i'l—e@l.)uf: t‘)i‘f d9e o9 i 208 o‘bse Y, a8 peizman 3Ll 5L (103 Vev) JolS Ll aids e
o3yl a8 D CS 5 9d " ~lale . . . . . . . R “ .
wbeS (o)l sl Cdgw )> Cdgw gg 9> (pl Clale LMES] 5 g S 5 5 yio s ¥ oo &1 3o o8 oleo

s b | RSO PR o “y iy ; b . .
g v\jtjy. e TM ’ Jy ’ J,ﬁ'b% u;L )b 5 (D72BoBag) Jj3 cdgmu yd Sy Jl 1) o/ aidly
092 Y (s SS90 €59 90 (nl o daile r Jipdsn YL Aol Cwddy ABEY p y93 Veoe Jligd Casyuw g doyd Vo Jlas]
w2l olg Gl (gl 1) bulpd 5 00,8 ald cdgu (5ast oljee e L puiie s ) D95 o0 oanline ¥ S5 )3 4yl lan

gl s

5o o (S P S g 2 J9B i g )b slodiasile
1 g9 yglilS 59y 2 |y U

0.00 .
biodiesel(lit) bioethanol(lit) speed(rpm) load(%)

() Jsezse () Jsi! g (4232 52 553 ) Cur e (2e2) 5L
()

:

{P:‘J;H] J’w
Torque (N.m)

o] 0.8 o 0.4 1000 2800 20 100
0.00 0.40 2800 20
biodiesel(lit) bioethanol(lit) speed(rpm) load(%:)

() S35 () Jsils! g (4853 52 552 ) ar (2e0) ,Le

29ltS L b puste ol dlasly g p990 5ol (13905 () S8 o () S jolatody it (sl e (gjludings =V S
Fig. 7. The optimum points of experimental variables to (a) maximize the specific fuel consumption and (b) minimize
the torque of engine

Sl Widlyy (5> & BLLUST cagw ) Sl 9 300 NFRLERY

S it ) (ool o) ey (slo i N
o ) “’“"’“’(ch’b) 19 SR il LA o3l LSel oy Ay s gl 5
Camd y5i9e S0 (o Jpbl g Jpagm 2o )d lie (i8I L

A i Olos Ol iyl 93,5 Mg Rl i cépw 4 9M S Jime ),.9_;9‘,)3 J,?m _J}ibfﬁ _fj}i) du“f:
Ver) Jel8 )l 3 AllS s Chge sl il bSTAY (e e e bl Qe g s5ign S 3 Je 8
slaaasiio g5y = Ul 9 Jidom S slocs gw LIS
o Casdty D @l § €8S )8 ) 2050 )5ige (93)Skes
3 es slaaasiio plod sl ning pod 4250 sy
Sogbdn b Bl b e 20> S e 3 (5liS 5 lg5)
Gl ooes slacuns 5 50 Sy ol S (gl yiie o5

el Cawndds 483> 5 593 YA+ ey g (a0
48,35 5 150 VY Caeyu pd (D1goBoEo) (ol Jid ¢ gu

L (e (55 YYO) oS Gline gy 30yd Voo Jlosh 5l
b ol dgha



1YY 090 Jluwoas ¥ 0 jlosds A alor (55395 ocmitlo 4y pii FYY

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Al-Hassana, M., H. Mujafet, and M. Al-Shannagb. 2012. An Experimental Study on the Solubility of a
Diesel-Ethanol Blend and on the Performance of a Diesel Engine Fueled with Diesel- Biodiesel -
Ethanol Blends. Jordan Journal of Mechanical and Industrial Engineering 6: 147-153.

Bavafa, M., M. Tabasizadeh, A. Farzad, B. Ghobadian, and H. Eshghi. 2014. Effect of poultry fat oil
biodiesel on tractor engine performance. Journal of Agricultural Machinery 6 (1): 14-24. (In Farsi).
Bettis, B. L., C. O. Peterson, D. L. Auld, D. J. Driscoll, and E. D. Peterson. 1982. Fuel characteristics of
vegetable oil fromoil seed crops in the Pacific Northwest. Agronomy of Journal 74: 335-9.

Can, O., I. Celikten, and N. Usta. 2004. Effects of ethanol addition on performance and emission
characteristics of a turbocharged indirect injection diesel engine running at different injection pressures.
Energy Conversion and Manage 45: 29-2440.

Canakci, M., A. N. Ozsezen, E. Arcaklioglu, and A. Erdil. 2009. Prediction of performance and exhaust

emissions of a diesel engine fueled with biodiesel produced from waste frying palm oil. Expert Systems
with Applications 36: 9268-80.

Carraretto, C., A. Macor, A. Mirandola, A. Stoppato, and S. Tonon. 2004. Biodiesel as alternative fuel:
experimental analysis and energetic evaluations. Energy 29: 2195-211.

Castillo, E. D. 2007. PROCESS OPTIMIZATION: A Statistical Approach. New York: Springer.
Fatimah Abdul Halim, S., A. H. Kamaruddin, and W. J. N. Fernando. 2009. Continuous biosynthesis of
biodiesel from waste cooking palm oil in a packed bed reactor: Optimization using response surface
methodology (RSM) and mass transfer studies. Bioresource Technology 100: 710-6.

Hansen, A. C., and Q. Zhang. 2003. "Engine durability evaluation with E-diesel". Paper Number:
036033. In: An ASAE meeting presentation, Las Vegas, Nevada, USA, 27-30 July 2003 p. 13.
Kapilan, N., T. P. Ashok Babu, and R. P. Reddy. 2009. Technical aspects of biodiesel and its oxidation
stability. International Journal of ChemTech Research CODEN (USA) IJCRGG 1 (2): 278-82.

Kaplan, C., R. Arslan, and A. Surmen. 2006. Performance characteristics of sunflowermethyl sters as
biodiesel. Energy Source Part A, 28: 751-5.

Kass, M. D., J. F. Thomas, J. M. Storey, N. Domingo, J. Wade, and G. Kenreck. 2001. Emissions from a
5.9 liter diesel engine fueled with ethanol diesel blends. SAE Technical Paper, 01: 2018 (SP-1632).
Lapuerta, M., O. Armas, and R. Garcyia-Gontreras. 2007. Stability of diesel-bioethanol blends for use
in diesel engines. Fuel 86: 1351-1357.

Ozsezen, A. N., and M. Canakci. 2010. The emission analysis of an IDI diesel engine fueled with
methyl ester of waste frying palm oil and its blends. Biomass and Bioenergy 34: 1870-1878.

Pang, X., Y. Mu, J. Yuan, and H. He. 2008. Carbonyl emission from ethanol-blended gasoline and
biodiesel-ethanol—diesel used in engines. Atmospheric Environ- ment, 42: 1349-1358.

Pereira, P. A., E. T. S. Santos, T. F. Ferreira, and de J. B. Andrade. 1999. Determination of methanol
and ethanol by gas chromatography following air sampling onto florisil cartridges and their
concentrations at urban sites in the three largest cities in Brazil. Talanta 49: 245-252.

Rahimi, H., B. Ghobadian, T. Yusaf, Gh. Najafi, and M. Khatamifar. 2009. An environment-friendly IC
engine fuel. Renewable Energy 34: 335-342.

Shi, X., Y. Yu, H. He, S. Shuai, J. Wang, and R. Li. 2005. Emission characteristics using methy!l
soyate—ethanol—diesel fuel blends on a diesel engine. Fuel 84: 1543-1549.

Usta, N. 2005. An experimental study on performance and exhaust emissions of a diesel engine fuelled
with tobacco seed oil methyl ester. Energy Conversion and Management 46: 2373-86.

Utlu, Z., and M. S. Kocak. 2008. The effect of biodiesel fuel obtained from waste frying oil on direct
injection diesel engine performance and exhaust emissions. Renewable Energy 33: 1936-41.

Zenouzi, A., B. Ghobadian, T. Tavakoli Hashjin, M. Feyzolahnejad, and H. Bagherpour. 2008. The
effect of blending diesel and biodiesel from waste oils in engine performance compression ignition (CI).
Journal of Combustion 1: 44-37.



&
Journal of Agricultural Machinery @ = S 309LS sl pilo &yl
Vol. 8, No. 2, Fall - Winter 2018, p. 423-434 e NG FYY_FYF o ARV pgs Jloaass ¥ oyles oA ol

Optimization Performance Indices of Diesterol Fuel in Diesel Engine by
Response Surface Methodology

G. Khoobbakht*

Received: 05-02-2017
Accepted: 06-06-2017

Introduction

Diesterol is a new specific term which denotes a mixture of fossil diesel fuel (D), vegetable oil methyl ester
called biodiesel (B) and plant derived ethanol (E). Recently, much attention has been paid to the development of
alternative fuels in order to meet the emission standards and to reduce the dependency on fossil fuel. Biodiesel
and ethanol have been considered as major alternative fuels, as they are derived from renewable sources. These
fuels are well oxygenated and therefore have a great potential to reduce emissions. Biodiesel is an oxygenated
diesel fuel made from vegetable and animal fats by conversion of the triglyceride fats into esters via
transesterification.

Materials and Methods

The engine test bed consisted of a diesel engine, a dynamometer, a gas analyzer and a fuel tank. The control
bench also consisted of control units, data logger and a PC. Engine was loaded by a ferromagnetism
dynamometer of 400 kW capacity and load was measured with spring balance. The experiments were designed
using a statistical tool known as Design of Experiments (DoE) based on central composite rotatable design
(CCRD) of response surface methodology (RSM) and the optimum points were found using RSM. Four
experimental variables in the present study including the operating parameters, load and speed and the added
volume of biodiesel and ethanol in one liter of diesel fuel were considered to be effective factors on the brake
power and torque. Designs that can fit as a model must have at least three different levels in each variable. This
is satisfied by central composite rotatable designs (CCRD), which have five levels per variable. The most
successful and best among the designs is the central composite design which is accomplished by adding two
experimental points along each coordinate axis at opposite sides of the origin and at a distance equal to the semi
diagonal of the hyper cube of the factorial design and new extreme values (low and high) for each factor added
in this design. In the present work, the response surface methodology based on desirability approach is used for
the optimization of experiment parameters (load, speed, biodiesel and ethanol volume) for the measured
properties of response (brake power and torque). The optimization analysis was carried out using SAS 9.2
software, where each response is transformed into a dimensionless desirability value (d) and it ranges between
d = 0, which suggests that the response is completely unacceptable, and d = 1, which suggests that the response
is more desirable.

Results and Discussion

The resultant quadratic models of the response surface methodology were helpful to predict the response
parameters including the performance characteristics of engine and further to identify the significant interactions
between the input factors on the responses. By increasing the amount of biodiesel, the brake power is reduced
compared to diesel fuel. This is due to two factors: the first is concerned with the percentage of biodiesel in the
fuel mix because of the low calorific value of biodiesel compared to diesel fuel, calorific value fuel mixture is
reduced. On the other hand, due to the high viscosity of biodiesel than diesel fuel combined with an increase in
these enhanced features and fuel atomization when spraying will be difficult. It is generally desirable outcome of
these two factors have prevented the ignition and brake power somewhat reduced. Increasing the volume percent
biodiesel fuel mixture to the engine braking torque is reduced diesel fuel engines in all working conditions. The
reason for this decline is the low calorific value of biodiesel compared to diesel fuel. Also, by increasing the
concentration of ethanol in the fuel mix engine braking torque is reduced. The reason for this decline in addition

1- Assistant Professor, Department of Agricultural Engineering, Payame Noor University, Tehran, Iran
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to the low calorific value of ethanol compared to diesel fuel may be related to cetane number and low latent heat
of vaporization of ethanol.

Conclusions

The results depicted that low percentages of biodiesel and bioethanol into synthetic fuel also somewhat have
same power and torque but increasing biodiesel and ethanol contents into synthetic fuel reduced power and
torque. The maximum brake power (79 kW) occurred for the pure diesel fuel (equivalent to D100BOEO) at 2800
rpm and full load (100%) and the most brake power (325 N.m) occurred for the pure diesel fuel (equivalent to
D100BOEO) at 1630 rpm and full load (100%).

Keywords: Biodiesel, Ethanol, Power, Torque, Response surface
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Table 1- Energy equivalent of inputs and outputs in dairy productions
(Item) lgis ""_‘9 dj_)';' Sy - &
(Unit)  (Energy equivalent, MJ unit ™) (Reference)
(Inputs) ealys
el 1,95 (Feed)

(Concentrate) o ysluis kg 6.3 (Meul, 2007)

(Alfalfa) g adgle kg 15 (Sainz, 2003)

(Silage maize)  ssbew <) kg 2.2 (Wells, 2001)

(Wheat straw) a5 ol kg 1 (Wells, 2001)

o9l Slies
Animals Husbandry Equipment
925 Slageile 9 )5815 kga" 9-10 (Kitani, 1999)
(Tractor and self-propelled machinery)

<ol Clpes kga' 8-10 (Kitani, 1999)
(Stationary equipment)

Lol 5,15 kga" 6-8 (Kitani, 1999)

(Implement and machinery)
ed 39w (Fossil fuel)

(Gasoline) 0 L 46.3 (Kitani, 1999)

(Diesel)  Jsq35 L 47.8 (Kitani, 1999)

(Kerosene) c& L 36.7 (Kitani, 1999)

(Natural Gas) b 55 m® 495 (Kitani, 1999)
(Electricity) auuw xs31 4 kWh 11.93 (Mousavi-Avval et al., 2011)

Louibiw
(Milk) 5.1 kg 7.14 (Coley et al., 1998)
(FYM) sl> 558 .2 kg 0.3 (Singh and Mittal, 1992)

(Year) Jw*

1- Specific Energy Consumption
2- Farm yard manure
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4- Life Cycle Impact Assessment
5- SimaPro

6- Polystyrene
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Fig.1. System boundaries and schematic flow chart in life cycle of dairy products. Final products of the two subsystems
are represented in blocks; Inputs from LCA databases are shown in continuous circles; and impacts associated are
shown in discontinuous circles.
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Table 2- Global inventory data for dairy farm (subsystem 1) per functional unit (1 kg ECM)

$3959 slaodles Jlade B 9,5 Y papass wey
(Inputs) (Value) (Outputs) (Allocation)
o sluis” (Concentrate) (Raw milk) pis o0 83
(Barley grain) > 4ils 109.85¢ (Meat) cusgs 2
(Maize grain) )3 4l 176.55 g (Fertilizer) s¢8 15
(Soybean grain) Ly «ls  98.08 g ) “‘_" sl d”'_‘:’"m‘ Sl (Value)
(Emissions to air and water)
bgw cilgh
68.66 NH,) ke 12.48
(Soybean full fat) g (NH) o g
iz e 30.23 ¢ (N20) suSliss (392 0.33 mg
(Molasses, from sugar beet)
ek B 1962 g (N) o505 49.22 g
(Bagasse, from sugarcane)
(Cotton seed)  wilbas, 19.62 g (P205) LSt iy yauwd 49.22¢g
(Forage) assle (P) ol 9.84¢
(Wheat straw) — pua8 ol 557¢ <3y (Energy) e (Value)
(Alfalfa) sy 18.10¢ (Gasoline) 955 0.41 MJ
(Silage Maize) ool oy 7491g (Natural Gas) b ;5 0.21 MJ

(Electricity) i I 0.2799 kWh
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Table 3- Global inventory data for dairy factory (subsystem 2) per functional unit (1 kg ECM)

(Inputs) (539,59 se3ls (Value) ,lade (Outputs) b g5 (Value) ,laso
(Raw milk) pi ,u5 2.89kg ECM 1000g
(detergent) s. g dlge (Yogurt) cels 700 ¢
(HNOg) sl S5 1.96¢g (Drinking yogurt) ¢gs 1500 g
KRR PV 1.96 g . Q_l sl e _d)ml (Value) i
(Emissions to air and water)
(Packaging materials)  siudiu dlge (COy) suuSlgio op1)S 375.04¢g
wY aw olal
y 10 CH,) ke 6.68 m
(Polyethylene 3 layer film) g (CH o J
(PET) Vs sl L 509 (NO) suSlgio 39550 0.67 mg
(PS) el 259 cob' 241.1 mg
(Glass fiber)  laius b 135¢g BOD' 49.22 mg
(Kraft paper) os; &l 2859 (Suspended solids) (sl )3 49.22 mg
(Transportation) J& g Je> (Value) s (N) o595 9.84 mg
(PL 0) 5 VETY (ypuals .
144.50 kg.km P 197 m
(Truck, 16-32 t (raw milk)) g (P) s J
1.67 kg.km Qil) . 9.84 m
(Truck, 16-32 t (cleaning agent)) g (O o5 J
(gsizsin 3l3e) (55 1FFY cy5eelS 3.81 kg.km (CL) w8 103.36 mg
(Truck, 16-32 t (packaging materials))
(Energy) ;9 (Value) jhio  (Waste to treatment) S5 cabjl  (Value) .
(Natural gas) b ;5 6.68 MJ PET 309
(Electricity) i =Sl 0.29 kWh PS 159

G923 P b i 3 Ll a9 (298 9 93959 slagipl polie —€ Jgu
Table 4- Quantity and energy equivalent of inputs and output in milk production in dairy farms

slade (Value)

&3 (Energy)

&3 (Energy)

(Inputs) nesle? (Unit Cow™yr)  (MJ Cowyr') (MJ.Month™) (1) o2
(Machinery) sl 97.24 875.14 927.05 0.92
(Fossil fuel) Jloé s g 189.79 8489.00 8992.58 8.96
(Feed) 1,55 42735.68 124.02 45.12
(Concentrate) o ysluss 4265.30 26871.41 12.69 28.37
(Wheat straw) I8 170.71 128.03 0.16 0.13
(Alfalfa) s 1559.35 2339.03 0.81 2.46
(Silage maize) ol <yd 6089.64 13397.21 4.94 14.14
(Electricity) i xSl 9589.97 34523.89 100.19 36.45
(Water) o 7928.22 8086.79 8566.51 8.53
(Total Energy) ggoxe 29890.24 94710.50 18610.18 100
aossliw (o
(Milk) ,5 8636.58 63910.68 90.77
(Fertilizer) »¢8 21653.50 6496.05 9.23

1- Chemical Oxygen Demand
2- Biological Oxygen Demand
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Table 5- Energy forms in milk production in dairy farms

w e
(ltem) padts (Value)
(Energy ratio) (¢}, o 0.67
(Energy productivity, kg MJ™) S5l 5390500 0.09
(Energy intensity, MJ kg™) (5, s 10.96
(Net energy, MJ ha™) L2l ¢35 -30799.83

sl sl 5 ‘j sl 23l g (655l GBpas -1 Jg.\é
Table 6- Quantity energy and their forms in dairy factory

(Item) Lasls (Unit) 1y (Value) e
5 Bypao ljue (Fossil fuel) s cége MJ 1884.94x10°
(consumed energy) (Electricity) asu S| MJ 3667.25x10°
(Total) ggeoxe MJ 5552.19x10°
(Energy productivity) (5, csys0 e T™MI? 10°x0.28
o32s (5] G pae (Fossil fuel) Jlus cégw  MIT? 10°%3.85
(Specific energy consumption) (Electricity) auu oS kWh T 10°x1.30

P A Gl e Lo g (35 Jtue oiad i
oASgal e p)S5kS 2 W Geimen Wl (JameCans
Ay e 4B 295 13 (ECM) (g5, ol 4
9 4813 poilg p5 o LS VNS Sl ()8 £ )S ShSTIVY
OhlSan 5 (laillals 23,5 o Sl 2y b )3 Sland s
VIAY 1y olaely (g3 55 o al] auST63 1) lade (Y1)

W3] 03 g p)S5kS 5 (sl @ pyS kS

aad o b JaoceCu ) HH5 50 slaog,S polie duslis

Bl S s iy 3 S 53 005 bl g 55 oS
B A (939)9 b s 393 Jlo p)5 (slavole 3 (Y Jgu2)
ol oS olg o cans Ol &S Sl oyl 5108 o b Eed
oS 531 Bymo L dmole 1o cal iy il oo 03518
G yB9 A oS 40 g b A aled A g (o5 s Y s ase
@l ! oM Dpdn e Oy (5505 (larelun )

(C.S) Jlo 3y 5 (W.S) )5 Jguad 3 a5 )8 53 (il (sl ygl b g5 oo @yl (ol ¥ Jgaar
Table 7- Impact assessment results associated to the production of dairy products in different seasons

obnacn 3550 Sloos 5

(Unit) aalq WS CS
(Inputs from technosphere)

(Resp. organics) Ji slge 5Lz kg Chloroethylene into air . 0.11 34
(Resp. inorganics) sase slge ks kg Ethylene into air.q 0.38 11
(Carcinogens) 1.,k yu lge kg PM_5into air.gq 0.10 5.9
(Radiation) aiwcs Bq Carbon-14 into air.q 0.76 2.2
(Ozone layer) oy5jl 4Y g 55 kg CFC-11 into air . 056  1.64
(EcotoxiCity) cuews kg Triethylene glycol into soil ¢ 063 1.78
b,y slasl as gl kg SO, into air.qq 0.99 286

(Acidification/ Eutrophication) (kg PO;" into water ) ' '
(Climate change) ls g o ol kg CO, into air.gq 093 271
(Land use) S5 a5 m? Organic arable land.eq yr 0.29 8.5
(Minerals) iz dlgo Julds MJ 0.5 1.47
(Fossil fuels) Lud plo jzals MJ or kg Crude oil ¢ (860 kg/m?) 063 1.82
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Fig. 2. Contribution of production and use of inputs to environmental impact categories in cold seasons in dairy factory.
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Fig. 3. Contribution of production and use of inputs to environmental impact categories in dairy farm
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Introduction

Life cycle assessment of food products is an appropriate method to understand the energy consumption and
production of environmental burdens. Dairy production process has considerable effect on climate change in
various ways, and the scale of these effects depends on the practices of dairy industry, dairy farmers and feed
growers. This study examined the life cycle of production of dairy products in Kermanshah city. For this
purpose, the whole life was divided in two sections: production of raw milk in dairy farm and dairy products in
dairy industry. In each section the energy consumption patterns and environmental burdens were evaluated.
Based on the results, the consumed energy in dairy farm was 6286.29 MJ for amount of produced milk in month.
Also animal feed was the greatest energy consumer with the value of 45.12% that the maximum amount of this
value was for concentrate. The minimum consumption of energy was for the machinery with 0.92 MJ in a
month. Results of life cycle assessment of dairy products showed that in dairy industry raw milk input causes
most of impact categories especially land use, carcinogens and acidification. In dairy farms, concentrate was
effective more than 90% in production of impact categories included: land use and carcinogens. Using digesters
for production biogas and solar water heaters in dairy farm can decrease fossil recourses.

Material and Methods

Based on I1SO 14044, standards provide an overview of the steps of an LCA: (1) Goal and Scope Definition;
(2) Life Cycle Inventory Analysis; (3) Life Cycle Impact Assessment; and (4) Interpretation (ISO, 2006). In this
study there were two sub-systems in the production line: dairy farm sub-system (1) and dairy factory sub-system
(2). In the sub-system related to the dairy farm, the main product was milk. Determination of inputs and outputs
in each sub-system, energy consumption, transportation and emissions to air and water as well as waste
treatment are the requirements of LCI. However each of them has several components. These components are
different in both sub-systems. All the detailed data about energy equivalent in dairy farm is shown in Table 1.
More detailed data about inventories description of two sub-systems are shown in Tables 3 and 4. The SimaPro
7.3.2 was used for analyzing the collected data for calculating environmental burdens (Pré Consultants, 2012).

Results and Discussion

Based on the developed models with SimaPro software for dairy products in the factory, various emissions
were generated including emissions into the air, soil and water. The most prevalent emissions are summarized in
Table 7. In warm season about half of the milk is processed into drinking yoghurt. Since water is one half of the
component of this product so more amount of drinking yoghurt can be achieved with lower energy consumption
(about 50%). Furthermore, these results indicated that the magnitude of fossil fuels was much greater than all
others. It was followed by land use and respiratory inorganics. The most amount of the consumption of the fossil
fuels was the production of energy requirements for heating systems at boilers and tractors in dairy factory and
farm, respectively. Also the transportation of raw milk to the dairy industry was another source of the pollution.
Also the energy consumption pattern in the dairy farm revealed that the concentrate have high contribution in
energy consumption.
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Conclusions

Results of the energy consumption pattern showed that the animal feed was the greatest energy consumer
with value of 45.12% and followed by electricity (36%). Energy consumption index for the fossil fuel was
calculated about 3.8 that is higher than the global index. Production of raw milk in dairy farm is responsible in
the production of impact categories especially land use, carcinogenic and acidification with contribution of
97.6%, 78%, and 63%, respectively. Also the amount of CO,-eq was estimated 2.71 kg for the production of 1kg
ECM in cold seasons.

Keywords: Cradle-to-grave, Dairy products, Life cycle assessment, Midpoint categories
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Table 1- Monthly average wind speed (ms™) and standard deviations for Pars Abad, 2005-2015

Month Parameter 2005-2015
v 2.62
January o 148
February v 245
c 1.10
v 3.24
March o 158
. 17 2.77
April o 175
v 3.18
May o 2.27
June v 4.16
o 2.95
Jul v 3.99
y o 3.19
v 3.61
August o 284
v 3.04
September o 212
v 1.95
October o 1.20
v 1.78
November o 0.94
17 2.18
December o 1.40
v 2.91
Year o 1.90

Ul sb poed (sl Weibull (gl jzol b (caiVlo (pSibo =Y Jga
Table 2- Annual average Weibull parameters for Pars Abad

k c v
Q) (ms™) (ms™)
2005-2015 2.06 3.29 2.91

Year
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Fig. 3. Monthly average wind speeds at the height of 10 m for Pars Abad, 2005-2015
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Fig. 5. Weibull distribution diagram of wind speed in the city of Pars Abad at a height of 10 m for the spring season
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Fig. 6. Weibull distribution diagram of wind speed in the city of Pars Abad at a height of 10 m for the summer season
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Fig. 7. Weibull distribution diagram of wind speed in the city of Pars Abad at a height of 10 m for the fall season
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Fig. 8. Weibull distribution diagram of wind speed in the city of Pars Abad at a height of 10 m for the winter season
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Fig. 10. Wind rose of the wind direction in 2005 -2015 at the station of Pars Abad
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Table 3- Annual wind power and energy production in Pars Abad, 2005-2015
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Introduction

Considering the low cost of the wind power production and its relatively good compatibility with the
environment, wind farms have shown extensive growth in the past few years. Considering the importance of
using the wind power and its advantages, the careful planning is needed to identify the available generation
potentials in a region or a country to facilitate its increased use. By the end of 2009, the capacity of wind turbines
installed in the wind farms of Iran was 92 MW, which demonstrates the significant potential for additional wind
farms in the country and suggests investments in the wind power industry are likely cost effective. The main
purpose of this research is to assess the potential of wind power for the city of Pars Abad in northwestern Iran.

Materials and Methods

In order to measure wind power density and wind energy potential, wind speed data collected every 3 hours
at a height of 30 m above the ground for 11 consecutive years are analyzed; the data are provided by the Iranian
Meteorological Organization and are used in the assessment of electricity production potential in the area chosen
for the wind turbines installation. To determine the wind energy potential at a site and estimate the energy output
from this site, statistical functions like probability functions are used. There are many probability functions but
the Weibull distribution function is usually considered the most useful function for wind speed data analysis due
to its simplicity and good accuracy. The Weibull probability density function is defined with two parameters of k
and c as follows:

fW) == () exp (- (D)) @)

After calculating the Weibull function parameters, status of a location for wind energy potential can be
assessed. A good way to assess the available wind resources is by calculation of the wind power density. This
parameter indicates how much energy can be converted to electricity at a site and can be calculated as follows:

P 1 ap k+3 )
3=3 Pl (=)

Wind energy density expresses the wind power density for a given time period T.The wind energy density for
a definite site and in a given time period (one month or one year) (T) can be calculated as:

E 1 | . k+3 T 3)
A 2P ( K )
Results and Discussion

In this study, wind speed data collected in Parsabad, Iran, over a ten-year period (2005-2015) are analyzed,
and the Weibull distribution parameters ¢ and k, average wind speed, and average wind power and wind energy
densities are determined.

According to Table 1, the minimum and maximum standard deviations of the average monthly indicators
during 11 years in November and July are 0.63 and 2.51, respectively, and the minimum and maximum wind
speeds of the average monthly indicators during 11 years in November and June are 2.09 ms™ and 4.87 ms™,
respectively. The average annual Weibull scale parameter (c) is 3.84 while the average annual Weibull shape
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parameter (k) is 2.61. The average annual wind power density (P/A) during 11 years is 45 Wm?, while the
average annual wind energy density (E/A) during 11 years is 389 kWhm?/year. Pars Abad in terms of generation
potential of wind energy and based on quantitative classification for wind resource is located in weak to average
region.

Conclusions

Pars Abad with an average wind power density of 45 Wm™ and average wind speed of 3.41 ms™ is not a
good candidate for wind power plants and it is just suitable for off-grid electrical and mechanical applications
such as charging batteries and pumping water for agricultural and livestock uses.

Keywords: Parsabad, Weibull Parameters, Wind energy, Wind energy density, Wind power density
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Introduction

In most small and medium-size traditional animal farms, silage corn is chopped manually. In order to prepare
appropriate chopper for small animal production firms, a small electrical powered chopper was designed and
developed.

Materials and Methods

The machine consisted of different parts, including chassis, driveline, power transmission, feeding and
cutting unit. To provide the power for cutting cylinder and feeding rollers, 3.7 kW and 1.5 kW electro-motors
were selected and used, respectively. Power was transferred from electro-motors to the cutting cylinder and
feeding rollers by pulley and belts. Feeding entrance area was 62.5 cm?with theoretical capacity of 1.13 kgs™ and
feeding unit power consumption of 0.97 kW. The main parts of feeding and cutting units were analyzed by
ANSYS Software. Silage corn was provided at harvest time from the Dashte-Naz, Sari province, and transported
to laboratory, immediately. The effect of cutting blades speed (400, 550 and 700 RPM) and feed rollers speed
(350, 400 and 450 RPM) on the chopper performance (cutting and feeding energy consumption, chopped corn
length and machine capacity) were investigated. The results then analyzed using completely randomized design
in triplicates.

Results and Discussion

Analysis of variance showed that the speed of cutting blades, speed of feeding rollers and their interactions
had significant effect (p <0.01) on the energy consumption of cutting blades and machine capacity. The effect of
speed of feeding rollers was significant on the energy consumption of feeding rollers at 1% level of significance.
Also, The effect of speed of chopping blades, speed of feeding rollers and their interactions were significant on
the length of chopped corn (p <0.01). Machine capacity increased by increasing in speed of chopping blades
from 400 to 550 RPM and decreased by increasing from 550 to 700 RPM. Increasing in the speed of the blades
at the moment of impact, caused to effectively cut the stem fibers before being compressed or bent. Increasing
the speed beyond 550 RPM provided insufficient time for stem movement toward the blades and therefore,
machine capacity decreased. By increasing the speed of feeding rollers, the consumed energy by cutting blades
decreased and the energy consumption of feeding rollers, the length of chopped corn and the machine capacity
increased. Since the machine capacity is depending on time, increasing in feeding rollers speed, decreased the
time for chopping the feed stems resulted decreasing in machine capacity. Also, results depicted that the
interaction between speed of cutting blades and feeding rollers had meaningful effect on the consumed energy by
cutting blades. The maximum energy consumption was at the blade speed of 700 RPM and the feeding rollers
speed of 350 RPM, and the minimum energy consumption was at the blade speed of 400 RPM and feeding
rollers speed of 450 RPM. The maximum and minimum length of chopped corns was obtained at the blade speed
of 400 RPM and 700 RPM, respectively and correspondingly at the rollers speed of 450 RPM and 350 RPM,
respectively. The maximum capacity of the machine was obtained at the blade speed of 550 RPM and rollers
speed of 450 RPM.

1 and 2- Graduated student and Assistant Professor, respectively, Gorgan Agricultural Sciences and Natural Resources
University, Gorgan, Iran

3- Associate Professor, Sari Agricultural Sciences and Natural Resources University, Sari, Iran

(*- Corresponding Author Email: abrzaeiasl@gmail.com)
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Conclusions

Since the length of the chopped corn for animal feeding is 20-30 mm, the optimum speed of cutting blades,
minimum energy consumption and maximum machine capacity was obtained as 550 RPM and the optimum
speed of feeding rollers was at 400 RPM. For feeding high yielding dairy cows, goats and sheeps that need
smaller sized forage, it recommended that feeding rollers speed to be adjusted at 350 RPM. At the same speed,

the mean length of chopped corn was 8-19 mm.

Keywords: Chopper, Cutting blade, Silage corn
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Table 1- Consumption of inputs during the first year of saffron cultivation

22les g5 (552 13 0.5 5L8) 8 s 50
Type of inputs Consumption (kg ha™)
u'é)“"" dlﬁfﬁs 3000

Consumed corms

2 100

Urea

Ammonium phosphate

w25 32000

Animal manure

oMb Byan d)l-.*.-!] gi

Consumed irrigation water
(Mahdavi, 1999) caul oas a5 Jai p» ceo 520 3000 Jsbeo Jlo 5 3 oy cehy; cas il o olies

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

D¢ ool diges IS asile (Gray scale) s S5 wlio L slagSl o JS& 8,90 40 a>gs

&b -6
Dgd aliel el A Wb e 3N 10 eoliin] 850 (cudSl g o) 8 mlie ples -

gl Jand gode 4 g slo b -
3 Sgo ol i j0ail conye jLastl Jlo g by ] el a5 g Jol> luebl o3l slul oS5 8 -
6= el 23 ol aalese Blad wacwl oY IS jo s asled (gl a5 aloee bbbl o les
drandoc SID Lo FledMbl sbolil @ asbn ;550 g WY lio ylgie g solw! o ;418,5 y

S 48,5 wlod i 3,90 s b Luly b g 994 axal 40 0 e ¢ SCiencedirect




Bl an glr)) o all ae JLasl &b 5 (G ainsd) odiunngh pol D50ty )0 milie g9, 0958 -
g sl 3l 8 g dlex Ll o mlie g (5 lo0g> alex 9,5 j0 01,81 oy pb 5l SKes 0> B oL

(Loghavi, 2008).
g ooliiul 5 g0 bl oo AN aulS Sl oaiin g g0 b e sl -
(Aghkhani and Abbaspour-Fard, 2009).
139 osliinl iy &jpoas Bt ALY ST AdS 3l osian g g0 3l i b lallie sl -
(Abbaspour-Fard et al., 2008).

209 oolitwl pj Sygeas T Cwdle | e iz 4 lejen gl )l s -

(Smith, 1999; Samuel et al., 2008; Smith and Samuel, 2009)
ol cwypd 1012 o5lasi Times New Roman o5 b g cwcdSSH )b a0 (oSSl g o) oo aldS -
L AL g
QB.M..J oolawl Lhu.i ol ol.:55 GALMJ‘ )l 9 03....4 OQ)BT Lbu.i J.alS sw.w‘ @Luo 9 s.)l.t).......v ‘nl.t u.».u)j.‘ )O o)‘j.o.b -

55 g 005 s W b5 oy wlie 535 -

g odlaiwl 5 sy 5l mbe G il o
Bl o 9 ge 4 i Colw yo o] la s a5 asl o ENdNOte 1580 5 5 sla Style 5| S g, ool 1S3
Style Name: Jame Endnote Style
ol by -1
Aghkhani, M. H., and M. H. Abbaspour-Fard. 2009. Automatic off-road vehicle steering

system with a surface laid cable: Concept and preliminary tests. Biosystems Engineering 103:
265-270.
o g Wl Lal -2

Rice, K. 1992. Theory and conceptual issues. In: Gall, G.A.E., Staton, M. (Eds.), Integrating
Conservation Biology and Agricultural Production. Agricultural Ecosystems Environment:
9-26.

ol uz.aJ;b ols -3
Gaugh, H. G. 1992. Statistical Analysis of Regional Yield Trials. Elsevier. Amsterdam.
(Edited BoOK) oy (3 9 oS 31 Juad Sy b allie -4

Mettam, G. R., and L. B. Adams. 1999. How to prepare an electronic version of your article.
PP 281-304 in B. S. Jones and R. Z. Smith eds. Introduction to the Electronic Age.

E-Publishing Inc., New York.

(o cmlin (559 o (B bsl 2 50 32 s £95 (! 3 oolaiwl)  Jaxd glaallw, -5



Abbaspour-Fard, M. H. 2001. The dynamic behavior of particulate biomaterials using
discrete element method (DEM). Faculty of Agriculture. Newcastle University, Newcastle

Upon Tyne.

oke gl il yiis -6

Hemmat, A., V. I. Adamchuk, and P. Jasa. 2007. On-the-go soil strength sensing using an
instrumented disc coulter. International Agricultural Engineering Conference (IAEC). Asian
Association for Agricultural Engineering, Bangkok, Thailand.

(Seig yiSIl @olio g Yo -7

Brittion, A. 2006. How much and how often should we drink British Medical Journal, 332:
1224-1225. Available at: http://bmj.bjjournals.com/cgi/content/full/332/7552/1224. Accessed
2 June 2006.

(Wi 4oz 5 L Gl & g0 a5 0 08 g allie oS 51 nel) cndSl L 0 o )6 olie adS 50 (61,2 -8
39 9 99=5 s 598 SlagSl Bllao (b 1is g of 81 ol s 10,5 1 g dax i 50 CBS e molio Cand o

lages adlsl (In Farsiy o le Lyl
Arjmand, A., and A., Hassanzadeh Ghourtapeh. 2004. Evaluation of Energy consumption in

Potato Cultivation, case study: Eastern Azarbayejan. 8" Agronomy and Plant Breeding Conf.,
Shahid Chamran Univ. of Ahvaz. (In Farsi).

3 botyo LM Laol Sl 5l orie J515 55 qlin &y £lor ) 5 mlio Cond a5 39 o0 dpogi 19530
ooll 9 Pl ol (gl ppasa o) slas slxyl 51 G 59 soliw! ENANOLe 1551 o5 b of yod
oolol o3 sl o3l cnal 55 Lok oSy glicindy sl (539 > ISl s (gl yol oyl 39 (& Sl ol

wow lod dgbile ay s Collw 31 ailgh o a5 ol o0l

(Extended Abstract)  cumdSSl b guwno 00uSe 55 sl 5o

Lg))sLMS PRV Sl O)_S..v&) wL.:‘ Poom u.:‘ )l (LSG‘; u..aam ):L.J 9 QL'}Z"“""‘) ‘ULQ9J‘J L)""’L) w\u'..w‘) SYle ‘a)a.?bo UKMQ d:U

g kel Lol Boa b o] jLaasl LIS ol s plesal g ool cpaimed g 8 10 EVlie oS 4 dxg5 pgy) (gLl 0 g dgie g B olKitils
oS el 00 ) e ¢ comy i il 5 (gundd ) sloplla 5 Mol g o (sole mlie g aale 05 0 0aSiils pl Calidee b pid i
99,5 Juo)l (655 5 (s Sz Wi i ey 2T ol 42 5 2t Bd S0 b ourlS (5 2 (g oSz

Title

Introduction

Materials and Methods
Results and Discussion
Conclusions
Keywords

S 0~ wbd e



The Title Should Be Times New Roman, Font Size 12, Bold and Center. The Scientific
Name in Title and in Text Should Be Italic.

Introduction Text type here. Text type here. Text type here. Text type here. Text type here. Text type here.
Text type here. Text type here. Text type here. Text type here. Text type here. Text type here. Text type here.
Text type here. Text type here. Text type here. Text type here. Text type here. Text type here. Text type here.
Text type here. Text type here. Text type here. Text type here. Text type here. Text type here. Text type here.
Text type here. Text type here. Text type here. Text type here. Text type here.

Materials and Methods Text type here. Text type here.

type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.

type here

Results and Discussion Text type here. Text type here. Text type here. Text type here.
. Text type here. Text type here.
. Text type here.
. Text type here.
. Text type here.
Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
Text type here. Text type here

type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.
type here.

type here

Conclusions Text type here. Text type here. Text type here. Text type here. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.

type here
type here
type here
type here
type here
type here

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.

Text type here
Text type here.
Text type here
Text type here
Text type here.
Text type here
Text type here

Text type here.

. Text type here

Text type here.

. Text type here

Text type here. Text type here

. Text type here
. Text type here

. Text type here
. Text type here

Text type here. Text type here. Text type here.

. Text type here
. Text type here

. Text type here.
. Text type here.
Text type here. Text type here. Text type here.

. Text type here. Text type here. Text type here. Text type here. Text type here.

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.

Text type here
Text type here
Text type here
Text type here

Text type here
Text type here
Text type here
Text type here
Text type here
Text type here
Text type here
Text type here
Text type here
Text type here

Text type here

Text type here.

. Text type here

Text type here
Text type here
Text type here

Text type here.
. Text type here.
. Text type here.
. Text type here.

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.

Text type here. Text type here. Text type here.

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
. Text type here.
. Text type here.
Text type here. Text type here. Text type here.
Text type here. Text type here. Text type here.

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.

. Text type here. Text type here. Text type here. Text type here. Text type here. Text type here.

. Text type here
. Text type here
. Text type here
. Text type here
. Text type here

. Text type here
. Text type here
. Text type here
. Text type here
. Text type here

. Text type here
. Text type here
. Text type here
. Text type here
. Text type here

. Text type here
. Text type here
. Text type here
. Text type here
. Text type here

. Text type here. Text type here. Text type here. Text type here. Text type here. Text type here.

Keywords: Aaaa, bbbb, cccc, dddd, eeee, ffff

3,lg0 wlw

Text type here.
. Text type here.
. Text type here.
. Text type here.
. Text type here.

Text type here.
Text type here.
Text type here.

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.

Text type here.
Text type here.
Text type here.
Text type here.
Text type here.
Text type here.

Text
Text
Text
Text
Text
Text
Text
Text
Text

Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text

Text
Text
Text
Text
Text
Text

a5 oS Laly s Bl gy cugal ©)50,0 5 00 (5,9l Glaasie 5)en b gy 4 o8 Sle g oYl -1

aalyzs Jsed B T 51 ey et 45550 ol _guey 095 Jlosl ol (s Sl 5 Slodlol Ll s wsl YL

ol ol5T EYlae Pl g Je8 b o, 50 4 s

A daly Ol Cugl

-2
-3

.09.3






Design, Construction and Evaluation of a Silage Corn Chopper Equipped with Electromotor Power Unit 472
R. Hadipiour Rokni, A. Rezaei Asl, R. Tabatabaei koloor



Contents

Design, Development and Evaluation of a New Motorized Hydraulic Hole-digger for Spot Treatment

S. Mollapour, D. Kalantari, M. Rajabi Vandechali

Development and Evaluation of an Onion Harvester Machine with Excrescence Axes

M. A. Zamani Dehyaghoubi, K. Jafari Naeimi, M. Shamsi, H. Maghsoudi

The Effect of Operation and Engine Speed on Chainsaw Vibration

M. Feyzi, A. Jafari, H. Ahmadi

Design and Development of a Solar Hydroponic Rotary Cropping Apparatus with an Intelligent Irrigation
System

S. I. Saedi, R. Alimardani, H. Mousazadeh, R. Salehi

Analysis of Microscopic Image Textural Features of Artichoke Leaf Extract Powder Produced from
Vacuum Spray Drying

S. Sadeghzade Namavar, J. Amiri Parian, R. Amiri Chayjan

Estimation of Date Syrup Viscosity using Machine Vision and Artificial Neural Network

A. Jafari, E. Tatar

Comparison of Normalized Difference Vegetation Index (NDVI) of Potato from Greenseeker and Landsat
Satellite

H. Mohamadi Monavar

Prediction of Temperature Distribution within a Piece of Date Palm Trunk during the Microwave Heating
Treatment to Control Rhynchophorus Ferrugineus

S. Mollazehi, H. Sadrnia, M. R. Bayati

Micromechanical Behavior of Potato Tissue by Scanning Electron Microscopy: Effect of Storage Time,
Impact Energy and Curvature Radius of Impact Location

S. Yuneji, E. Ahmadi, A. Alavi Nia

Assessment of Mechanical Damage on Olive Fruit under Impact Loading

H. Kargarpour, T. Tavakoli Hashjin, A. Hemmat, B. Ghobadian

Study of Ammonia Gas Emission from Broiler Houses and the Effects of Temperature, Humidity and Age
on It

M. Baghani, M. H. Aghkhani

Application of Artificial Neural Networks for Predicting the Yield and GHG Emissions of Sugarcane
Production

S. Haroni, M. J. Sheykhdavodi, M. Kiani Deh Kiani

A Network Model for Time Management in Overhaul of Sugarcane Harvester

H. Zaki Dizaji, N. Monjezi

Experimental Investigation of Plasma Nitriding on the Tribological Behavior of Small Dimension of
Carbon Steel CK45 used in Farm Equipment

H. Rezaei, A. Shanaghi

Optimization Performance Indices of Diesterol Fuel in Diesel Engine by Response Surface Methodology

G. Khoobbakht

Evaluating the Energy Consumption and Environmental Impacts in Milk Production Chain (Case Study:
Kermanshah City of Iran)

Z. Ramedani, R. Abdi, M. Omid, M. A. Maysami

Potential Assessment of Wind Power as a Source of Electricity Production in the City of Parsabad, Iran

F. Keyhani Nasab, T. Mesri Gundoshmian, Sh. Zargar Ershadi

Brief Report

247

261

276

293

307

319

330

344

361

375

387

400

411

421

433

446

460



Published by:

Editor in charge:

General Chief Editor:

Editorial Board:

Aghkhani, M. H.
Borgheei, A. M.
Saghafi, M.
Khoshtaghaza, M. H.
Abbaspour-Fard, M. H.
Alimardani, R.
Ghazanfari
Moghaddam, A.
Kadkhodayan, M.
Loghavi, M.

Modarres Razavi, M.

Publisher:

Printed by:
Address:
P.O. BOX:
Fax:
E-Mail:
Web Site:

Journal of Agricultural Machinery

Vol. 8 No. 2

2018

Ferdowsi University of Mashhad, (College of Agriculture), Iran

Prof. M. R. Modarres Razavi, Dept. of Mechanical Eng. Ferdowsi University of Mashhad

Prof., M. H. Abbaspour-Fard, Dept. of Biosystems Eng.

Ferdowsi University of Mashhad

Mechanics of Biosystems Engineering
Mechanics of Agricultural Machinery
Mechanics of Agricultural Machinery
Mechanics of Biosystems Engineering
Mechanics of Biosystems Engineering
Mechanics of Agricultural Machinery

Mechanics of Biosystems Engineering

Mechanical Engineering
Mechanics of Biosystems Engineering

Mechanical Engineering

Ferdowsi University of Mashhad Press

Prof. Ferdowsi University of Mashhad

Prof. Member of Iranian Society of Mechanical Engineers
Prof. Member of Iranian Society of Mechanical Engineers
Asso. Prof. Tarbiat Modares University

Prof. Ferdowsi University of Mashhad

Prof. University of Tehran

Prof. Shahid Bahonar University of Kerman

Prof. Ferdowsi University of Mashhad
Prof. Shiraz University

Prof. Ferdowsi University of Mashhad

Printing office of Ferdowsi University of Mashhad

College of agriculture, Ferdowsi University of Mashhad, Iran

91775-1163
+98-05138787430

Jame@um.ac.ir

http://jame.um.ac.ir



Journal of
Agricultural Machinery

ISSN: 2228-6529

Contents




	1.pdf (p.1)
	first-page.pdf (p.2)
	mashin content fa.pdf (p.3-4)
	01.pdf (p.5-18)
	02.pdf (p.19-32)
	03.pdf (p.33-48)
	04.pdf (p.49-64)
	05.pdf (p.65-78)
	06.pdf (p.79-90)
	07.pdf (p.91-102)
	08.pdf (p.103-116)
	09.pdf (p.117-134)
	10.pdf (p.135-146)
	11.pdf (p.147-158)
	12.pdf (p.159-172)
	13.pdf (p.173-182)
	14.pdf (p.183-192)
	15.pdf (p.193-204)
	16.pdf (p.205-218)
	17.pdf (p.219-232)
	18.pdf (p.233-243)
	accept-condition.pdf (p.244-249)
	mashin content en.pdf (p.250-251)
	last_page.pdf (p.252)
	2.pdf (p.253)

