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In this study, performance characteristics such as power take off (PTO) power consumption, fuel
consumption, fuel consumption for the unit field-unit product were determined at different working
speeds with two different PTO applications (540 and 540E) in a single row disc type silage machine.
In particular, the 540E PTO application greatly reduces fuel consumption for unit work. The best
results in terms of hourly fuel consumption were achieved in 540E PTO application and V1 working
speed. When the field - product fuel consumption is evaluated, the best results were obtained with
the 540E PTO application at the V3 working speed. When an evaluation is made considering all the
parameters, it is concluded that the 540E PTO application will provide certain advantages in terms
of fuel consumption compared to the 540 PTO application for the silage machine operating by
taking the motion from PTO. 540E PTO application can be used as an important alternative to 540
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PTO application for machines of similar capacity and features.
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Introduction

The term mechanization in agriculture (agricultural
mechanization) means that agricultural processes are carried
out using machinery and energy. In this way, faster and
larger capacity production is possible. Unlike other
agricultural technology applications, the use of machinery in
agriculture does not directly affect the increase in yield; but
it ensures the application of new production methods. In this
respect, it increases the efficiency and economy of other
technological applications and also improves the working
conditions. Thus, it helps to obtain more efficiency from
certain sized production areas by enabling the use of
appropriate technologies (Saral and Avcioglu, 2002).

The power generated in the tractor engine is known as
drive, hydraulic and PTO power. The power obtained must
be sufficient to meet the needs of agricultural equipment
and machinery used with the tractor. Otherwise, more
energy will be required to complete the process. The tractor
will need to consume more fuel to meet this energy.
Priority is given to the realization of agricultural activities
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by a tractor with a wide working range and low fuel
consumption (Cift¢i and Calisir, 2018).

The power required to move the tractor, trailer and
silage machine can be calculated from known methods. In
disk type silage machines, 83-88% of the required power
is consumed for the chopping of the material, 5-8% is used
for the operation of the collector, auger and pre-
compression rollers, 5-6.5% in the upper feed rollers, 2-
3.5% is consumed in the lower feed rollers (Giiner, 1998).

Disc type machines are generally used in maize silage.
Single rows of these machines (for effective capacities)
require tractor power of 40-80 HP, two rows of 80-120 HP
and four rows of 120 HP (Evrenosoglu, 2006). After the
green bait is chopped, it must be thrown or transmitted to
the trailer behind. In order to realize this transmission, the
speed of the silage is increased to the drum or disk speed,
that is, the silage is accelerated. Additional power is needed
for this increase (Giiner, 1998).

1692


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Ozbek and Al-Sammarraie / Turkish Journal of Agriculture - Food Science and Technology, 8(8): 1692-1696, 2020

Itis for the PTO speeds to be met in a region very close
to the maximum speed of the engine, for the loads to be
met by the machine in the best way. However, operating
the engine at high speeds in some agricultural machines
with very low power requirements causes unnecessary
energy, and consequently high fuel consumption and an
uneconomical application. Tractor manufacturers are
working on power output points that reduce fuel
consumption when working with PTO at appropriate
engine speed, at standard PTO speeds (Anonymous, 2008).

As well as knowing the tractor's working efficiency, the
torque, speed and power requirement of the machine being
operated are also important. In the event that these features
are known, tractors in the power class, where the related
machine can be used efficiently, can also be determined.
Taking into consideration the negativities such as fuel
consumption, unnecessary power usage, transmission
manufacturers have been developed by tractor
manufacturers to provide 540E PTO speed versus 540 min
! standard PTO speed value and 1000E PTO speed for
1,000 min? standard PTO speed at lower speeds of the
engine or 750 min? standard PTO speed for operating
machines with less torque requirement.

The unit, which provides 540 and 540E PTO
applications, transfers the engine speed to the PTO with
two different transmission rates. In this way, the PTO
speed (540 mint-540E or 1,000 mint-1000E), which is
standard with a higher transmission rate and lower engine
speed, can be provided. The change between the two ratios
can be done mechanically or electro-hydraulically (Siimer
et al., 2004; Stimer et al. 2010a).

This study was carried out to determine the
performance characteristics, such as PTO power
consumption, fuel consumption, fuel consumption for unit
field-unit product were determined at different working
speeds with two different PTO applications (540 and 540E)
in a single row disc type silage machine.

Materials and Methods

In the study, the first product silage corn plant (Zea
mays indentata) was harvested with a single row disc type
silage machine. Some features of a silage corn plant, which
is trial material, are given in Table 1.

The trials were conducted in 2018 at the Research and
Application Centre of the Faculty of Agriculture, Selcuk
University. The experiments were arranged according to
randomized plots and they were designed with three
replications.

Trials were carried out on two different PTO
applications (540 and 540E) of the tractor and three
different feed speeds V1, V2 and Vs (1.8, 2.5 and 3.7 km h%).

For this purpose, within the Agricultural Machinery
and Technologies Engineering Department of the Faculty
of Agriculture; New Holland TD110D tractor equipped
with fuel meter, PTO torque meter and speed sensors is
used. On the tractor, the PTO speed numbers
corresponding to the engine speed and which engine speeds
correspond are shown. According to this demonstration,
the 540 min* speed for 540 and 540E PTO applications is
achieved at 2,200 and 1,600 min? engine speeds,
respectively. The same speeds were obtained at different
gear levels for the application of two different drive shafts.

Some technical features of the silage machine used in
the study are shown in Table 2. The trial-type machine is a
hanging type, single-row disc maize silage machine. The
machine takes its movement from the PTO.

The silage material is to be cut with the cutting disc
knives on the two feeders of the machine. The extruded
material is compressed between the feeding drums and
transferred to the mincing knives. The chopper knives are
12 pieces and are attached to a disc which is located in the
hood. Chopper unit is a radial knife type and consists of a
knife and counter knife. The conveying of the mater-years
to the trailer with the transmission pipe by means of the
airflow generated by the chopper knives and launching
wings. There are sharpening stones on the body of the hood
to sharpen the curved bi-pebbles. The material
transmission pipe is controlled by the hydraulic cylinder
driven by the hydraulic pump on the machine.

Datum brand Series 420 PTO 1800 Nm model torque
meter was used to measure the torque and torque of the
tractor. The data received from the torque meter connected
to the spindle is transferred to the computer via the data
logging system.

In the study, fuel was measured by PLC
(Programmable Logic Controller) software of a
mechanical type liquid flow sensor of Sea YF-S401 to
measure the fuel consumption in the combinations.

In order to determine the starting and ending points
during the experiments, a tape meter was used. During the
harvest, the plant moisture was dried in an oven. Also
measuring calipers, precision scales, time measurements 0.1
seconds precision stopwatch, etc. Ancillary tools were used.

Table 1. Some physical properties of a silage corn plant

Property Value
Average Stubble Height (mm) 183.07
Average plant height (mm) 2,553
Average Plant Weight (g) 872.46
Row spacing (mm) 700
Plant diameter (mm) 27.6
Field yield (kg ha?) 44,937
Plant moisture level (%)(wb) 70.56

Table 2. Technical information of the silage machine

Structural Properties Values
Total length (mm) max.3,900, min.2,800
Total width (mm) 2,420
Total height (mm) max.3,445, min.3,240
Weight (kg) 660
Control device Hydraulic
PTO speed 540 min'!
Drive transmission
Number of Drum (pcs) 2
Number of the bottom cutter (pcs) |2
Number of knives 12
Number of Blowing Wings 6

In this study; plant height, moisture content, stubble
height, plant weight, green product yield (field yield), unit
field of the silage machine and product business success,
PTO force, working speed, unit field, and product energy
consumption, fuel consumption, and material chopping
length were measured. Then, these values were averaged.
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Plant samples were taken from the stubble neck determined
in experiments in different parts of the field and their dry
matter contents and moisture contents were determined in
the laboratory. Arin (1982) used the method of determining
the moist yield of the field. The moisture content was
determined on a wet basis at 105°C for 48 hours. PTO
speed power consumptions of silage machines were
determined by benefitting from rotation moment and cycle
number. Field and product fuel consumptions were
determined with the help of maximum PTO speed power
consumption, field and product working capacities. The
field working capacity of silage machines (Sf, ha h') was
calculated from the following correlation with the help of
the actual working speed (V, km h), work width (B, m)
and time utilization coefficient (K).

Sf=0.1B.V.K

The coefficient of time-utilization coefficient of 0.50-
0.75 recommended by ASAE (American Society of
Association Executives) was K = 0.70

The product working capacity (Sp, kg h™); field yield
(S, kg ha?), field working capacity (Sf, ha h1) was
determined by multiplying.

Sp =Sf.S

The fuel consumption was measured continuously with
L h' with the fuel gauge connected to the tractor fuel
equipment and recorded under PLC control. After each
trial combination, the silage samples were taken and the
samples were then measured with the help of 0.01 digital
caliper. The PTO power consumption of the silage
machines is determined by using the torque and the number
of revolutions.

Field and product fuel consumption; calculated by
dividing hourly fuel consumption by field and product
business successes.

Statistical analyses were performed on the data
obtained from all applications. LSD test was applied to the
significant averages via the MSTAT-C package program.
(Diizgiines et al., 1987; Anonymous, 1991).

Results and Discussion

Due to the fact that the PTO speed was kept constant at
540 min't in both PTO applications in the trials, the power
requirement of the machine's shaft was also changed at
similar rates (Figure 1).

As can be seen in Figure 1, the highest PTO power
consumption was achieved with 9.90 kW V3 working speed,
while the lowest PTO power consumption was achieved
with 8.87 kW V1 working speed. PTO power consumption
increases as the machine's working speed increases. An
increase of 100% in the working speed increased the average
PTO power consumption by 11.6%. Similarly, Bilgen and
Sungur (1992) state that increasing working speed increases
the power consumption. Also, depending on the amount of
material increasing with the speed of progress, power
consumption increases (Kafadar, 1997).

The average hourly fuel consumption values obtained
for both power take-offs in the trials are given in Figure 2.
According to the results of variance analysis applied to the

fuel consumption values obtained from the trial
combinations, the effect of the change in pace on the fuel
consumption was found statistically significant (P<0.05)
and the LSD test results are given in Table 3.

When Figure 2 and Table 3 are analyzed, it is seen that
the hourly fuel consumption values change in parallel with
the increase and decrease in the power consumption of the
PTO. The average hourly fuel consumption is 6.89 | h'* at
540 PTO application and 6.07 | h'* at 540E. The lowest fuel
consumption was achieved with the V, feed rate in the
540E application at 5.42 | h*t. While the lowest average
hourly fuel consumption value depending on the working
speed of the machine was determined at the speed of Vi,
this value was followed by the speeds of V; and V3
respectively. It was observed that the average hourly fuel
consumption in the 540E PTO application decreased by
11.9% compared to the 540 application. An increase of
100% in the working speed increased the average fuel
consumption by 37.47%.
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Figure 1. PTO power consumption change depending on
machine working speed
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Figure 2. Hourly fuel consumption values for trial
combinations
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Table 3. Hourly fuel consumption values LSD test results

Hourly fuel consumption (I h'%)
Vi \2 V3 Average
540 5.69 6.41 8.58 6.89
540E 5.42 6.12 6.68 6.07
LSD =1.42 LSD =0.82
Average 5553 6.262° 7.628°
LSD =1
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Figure 3. Field fuel consumption values for trial
combinations
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Figure 4. Product fuel consumption values for working
combinations

Table 4. Field fuel consumption values LSD test results
Field fuel consumption (I ha™) |

Vi Vs Vs Average
540 64.5 52.3 47.3 54.7
540E 61.4 49.9 36.8 49.4
LSD =10.4 LSD =6
Average 62.9° 51.1° 42.1°
LSD=7.4

Table 5. Product fuel consumption values LSD test results
Product fuel consumption (I t?) |

Vi V2 V3 Average
540 144 1.16 1.05 1.22
540E 1.37 1.11 0.82 1.09
LSD =0.23 LSD =0.13
Average 1.40° 114> 0.94¢
LSD=0.16

Stimer et al. (2004), the unit that provides 540 and 540E
speeds, transfers the engine speed to the PTO with two
different transmission rates. In this way, the higher
transmission ratio in the 540E application and the PTO
speed, which is standard at a lower engine speed, can be
provided as 540 min. Similarly, Atal (2006) stated that,
depending on the loads, the 540E application had
30%lower fuel consumption values compared to the 540

application, the difference was due to working at a lower

engine speed in the 540E application. Siimer et al. (2010b)

in their study, they concluded that there are advantages in
terms of fuel consumption in different loads with the 540E

PTO application. Ozgiir (2009) stated that, there were

significant increases in hourly fuel consumption and

similar rates of decrease in specific fuel consumption due
to tractor PTO load increase.

The graph of the field fuel consumption is given in
Figure 3. According to the results of the variance analysis
applied to the field fuel consumption values, the effect of
the change in the PTO speed and feed rate on the field
energy consumption was found significant (P<0.05) and
the LSD test results are given in Table 4.

When Figure 3 and Table 4 are examined, the highest
field fuel consumption was achieved as 64.5 | ha* at V;
working speed at 540 PTO application, while the lowest
field fuel consumption was achieved as 36.8 | ha at the V3
working speed and 540E PTO application.

The graph of the fuel consumption values per unit
product is given in Figure 4. When the fuel consumption
per unit product is evaluated in terms of consumption, the
impact of the change in PTO applications and progress rate
on the product energy consumption was found significant
(P <0.05) and LSD test results are given in Table 5.

When Figure 4 and Table 5 are examined, it is seen that
the product fuel consumption varies between 0.82 - 1.44 |
t1. While the lowest field-product fuel consumption value
depending on the working speed of the machine was
determined at the speed of V3, this rate was followed by the
speeds of V2 and V1 respectively. It is seen that the smallest
field-product fuel consumption value related to PTO
application is in 540E application. In the 540E application,
it was observed that the average field-product fuel
consumption decreased by 10% compared to 540. Field-
product fuel consumption varies inversely with the
working speed. An increase of 100% in the working speed
reduced the average field-product fuel consumption by
about 34%. Bilgen and Sungur (1992) stated that by
increasing the working speed in silage machines, field
energy consumption decreased. Field fuel consumption
decreased inversely with field and product business
successes (Kafadar, 1997).

When the results are evaluated in general, it is
concluded that it is more advantageous to use 540E
application in the operation of machines that do not require
large PTO power requirement. Similarly, Cift¢i and Calisir
(2018) emphasized that the 540E application is more
advantageous in terms of fuel consumption compared to
the 540 application for many tools and machines powered
by PTO, and suggested that the 540E PTO application be
used instead of 540 when the capacity is sufficient.

The results can be summarized as follows;

e PTO power consumption for all working combinations
was determined to range between 9.90-8.87 kW. PTO
power consumption is increasing in direct proportion
with the increase in the working speed of the machine.

e Hourly fuel consumption was determined to vary
between 5.42 - 8.58 | h*L. In the 540E PTO application,
it was observed that the average hourly fuel
consumption decreased by 11.9% compared to the 540
application. An increase of 100% in the working speed
increased the average fuel consumption by 37.47%.
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e It was determined that the field fuel consumption
varies between 36.8 — 64.5 | ha! and the product fuel
consumption varies between 0.82 -1.44 | t1. In 540E
PTO application, it was determined that the average
field-product fuel consumption has decreased by 10%
compared to 540. An increase of 100% in the working
speed reduced the average field-product fuel
consumption by about 34%.

e It was determined that 540E PTO application can be
used successfully in the use of disk type silage
machines, and thus, less energy per unit work can be
consumed and input costs can be reduced.
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