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ABSTRACT

In this study, a control system that automatically adjusts the working depth of the tractor tillage equipment has been developed
in order to keep the wheel slip occurring in agricultural tractors during the tillage activities at the determined limit value. The
developed automatic control system continuously measured the wheel slip on the tractor drive wheels and reduced the tillage
depth adjusted for the wheel slip increase. While the amount of wheel sip was at the allowed level, the tillage equipment worked
at the set depth value. In the study, a driver warning system is also designed to alert the driver to reduce the tillage depth when
the amount of wheel slip exceeds the specified limit value. The driver warning system warns the driver visually with the help of
colored LEDs and audibly with a buzzer according to the measured wheel slip value. The developed automatic control system
was compared separately with the designed driver warning system and the operator's own control. The wheel slip value was
calculated by comparing the forward speed of the tractor with the speed of the drive wheels. The automatic control system and
driver warning system were installed on a New Holland TD110 agricultural tractor and trials were carried out in real field
conditions. As a result of the trials, according to the driver warning system and operator control, it was determined that there
was a 3-29% reduction in wheel slip and a 22-30% reduction in fuel consumption in soil tillage activities carried out with
automatic control system. On the other hand, the draft force decreased by more than 5% compared to the operator control in the
automatic control system. However, it was observed that there was almost no change in the average tillage depth between the
control methods.
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TOPRAK ISLEMEDE PATINAJIN OTOMATIK KONTROLU

OZET

Bu caligmada, toprak isleme faaliyetleri esnasinda tarim traktorlerinde olusan patinaji, belirlenen sinir degerde tutmak igin,
traktére bagli toprak isleme ekipmaninin ¢alisma derinligini otomatik olarak ayarlayan bir kontrol sistemi gelistirilmistir.
Gelistirilen otomatik kontrol sistemi traktor tahrik tekerleklerinde olusan patinaji siirekli olarak 6lgmiis ve patinaj degerindeki
artts miktarma gore ayarlanan toprak isleme derinligini azaltmistir. Patinaj miktar1 izin verilen seviyede iken toprak isleme
ekipmani ayarlanan derinlik degerinde ¢aligmustir. Calismada ayrica, patinaj miktari belirlenen sinir degeri astiginda, siirtictiyii
toprak isleme derinligini azaltmasi i¢in uyaran bir de siiriicii uyar1 sistemi tasarlanmustir. Siiriicii uyar1 sistemi, olgiilen patinaj
degerine gore sirticiiyil renkli LED (Light Emitting Diode)’ler yardimiyla gorsel olarak ve bir siren yardimiyla da sesli olarak
uyarmaktadir. Gelistirilen otomatik kontrol sistemi, tasarlanan siiriicii uyari sistemi ile ve operatoriin kendi kontrolii ile ayr1 ayri
karsilastirilmistir. Patinaj degeri, traktoriin gercek ilerleme hizi ile tahrik tekerleklerinin donis hizi karsilastirilarak
hesaplanmistir. Otomatik kontrol sistemi ve siiriicii uyari sistemi New Holland TD110 model bir tarim traktoriine monte edilmis
ve gercek tarla kosullarinda denemeler yapilmistir. Denemeler sonucunda, sirastyla siiriicli uyar1 sistemi ve operator kontroliine
gore, otomatik kontrol sistemi ile gerceklestirilen toprak isleme faaliyetlerinde, patinaj degerlerinde %3-29 ve yakit tiiketiminde
%22-30 azalma oldugu belirlenmistir. Traktorle toprak isleme ekipmani arasinda olusan ¢eki kuvvetinde ise, otomatik kontrol
sisteminde operator kontroliine gore %5 ten fazla azalma oldugu goriilmiistiir. Bununla beraber, toprak isleme derinliginde,
kontrol yontemleri arasinda neredeyse hi¢ degisiklik olmadig1 gozlenmistir.
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1. INTRODUCTION

Tillage operations are main farm operations required to prepare soil conditions for seed germination. Operations play a very
important role in the production of agricultural products. Incorrect tillage operations lead to reduced productivity and,
consequently, increased production costs [1].

In tillage operations, differences in soil conditions of the field lead to changes in draft force required to pull implement within
soil in any forward speed and plowing depth. Lack of draft force in a certain soil condition results in decrement of tractive
efficiency. This also increase the wheel slip and fuel consumption. Therefore, to obtain the optimum draft force, a draft control
system was considered for tractors. The available draft control systems regulate draft force in a specific bound on the basis of
the first adjustment of plowing depth by operator. The control procedure is continuously performed by plowing depth changes.
Therefore, variations in plowing depth are obtained in primary tillage operations [1].

The efficiency of traction depends mainly on tractor related factors (weight of the tractor, number of driven axles, kind of
tire, inflation pressure) and soil related factors (surface hardness, soil moisture content) [2]. The requirement of drawbar power
in soil tillage depends mainly on the working depth. Approximately 100 m® or 150 tons (soil density: 1.5 kg/dm?®) of soil per
hectare is moved if 1 cm soil is ploughed. Depending on soil constitution the fuel consumption increases per cm ploughing depth
between 0.5 and 1.5 L/ha [3].

Wheel slip was defined as the difference between the actual forward speed of the tractor and the drive wheel speed [4]. The
maximum tractive efficiency occurs at a lower wheel slip and starts decreasing with an increase in the slip [5, 6]. If the wheel
slip is maintained within an optimum range the tractor operates at maximum efficiency [7]. In previous studies, it has been
proposed to optimize the tractor's wheel slip range in the range of 10-15% for better traction performance. It also stated that,
wheel slip less than 7% is undesirable because the draft efficiency is reduced, and the power is wasted. However, it has been
observed that wheel slip greater than 20% results in inefficiency [8, 9].

Agricultural tractors generally have a hydro-mechanical draft control system where the draft is sensed mechanically, and a
hydraulic valve is actuated for operational depth control.

The draft control systems engaged in tractors are found to be inefficient in keeping the draft control in line with the slip [10-
15]. Researchers have also concluded that commercial draft control systems force the operator to control the depth control lever
frequently for achieving the optimum draft, resulting in poor efficiency [13, 16]. The frequency of operation of hydraulic control
lever has been found to be 3 times/min [17] and about 40% of such adjustments were to prevent excessive slip [18, 19]. However,
the utilization of this information depends upon operator’s experience and fatigue level [11].

In Turkey, 15.5 million ha area is used for the field-agriculture. Depending on tillage methods, 620 million liters of fuel are
consumed annually. Approximately $6.2 million will be saved with a 1% saving in fuel consumption. [20].

It is therefore an absolute necessity to measure and indicate slip for getting maximum drawbar output from the tractor.

In this study, it is aimed to develop an embedded system with simple, cheap and reliable materials to digitally measure and
display the wheel slip. If the wheel slip exceeds the optimum values, the system is aimed to give audible and visual warnings. In
addition, an automatic wheel slip control system for optimum tractive efficiency by altering the depth of tillage was developed
and compared with warning system.

2. MATERIAL AND METHOD

The developed warning system and the automatic control system consist a slip measurement unit, a fuel measurement unit, a
hydraulic lever adjustment mechanism, a Bluetooth communication unit, a SD card data logger, a draft force measurement unit,
a depth measurement unit, and a data collection/processing unit.

In order to determine the actual forward speed, and speeds of the rear driving wheels, hall effect sensors and magnets were
used. Magnets placed to left front wheel and rear wheels. The hall effect sensors that would detect magnets were fixed to the
apparatus mounted on the tractor (Fig. 1) [21, 22, 32].

The magnets passed in front of the hall effect sensors is counted by using the Arduino Due microcontroller. The actual
forward speed, and the speeds of the rear driving wheels were calculated as:

axCx3.6
n

V =

@

where V - Tractor forward speed, [km/h]; a - The number of magnets counted in one second; C - Wheel circumference, [m];
n - The number of magnets found in the wheel [32].

Amount of the slip occurring on the wheels was calculated as:
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Vo=V
%S =1

* 100 (2

r

where %S - Slip [%]; Vr - Rear wheel speed [km/h]; VT - Front wheel speed [km/h] [29]

Figure 1. Hall effect sensors and heodymium magnets

Two flowmeters (Sea YF-S201) were used to determine the fuel consumption (Fig.2). The first flowmeter was mounted on
the fuel line leading from the tank to the engine, and the second was mounted on the fuel line going back to the tank from the
engine [2, 31]. An Arduino Nano microcontroller was used to calculate fuel consumption in L/ha. Finally, calculated values were
transferred to the Arduino Due microcontroller board via serial communication ends.

Figure 2. Flowmeter mounted on fuel line
Three 30-kN force-measuring pins (Lorenz Messtechnik GmbH K-2562) were used to measure the draft forces (Fig. 3). The

pins were connected to the 3-point hitch system [33]. HX711 modules designed for Arduino microcontrollers were used to
convert signals, and then the outputs were transferred to the Arduino Due microcontroller board.
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Figure 3. Forc—measurlng pins to measure the draft forces

To measure the tillage depth, a moving wheel was attached to the plough. A potentiometer (1 kQ) was placed between the
plough and moving wheel (Fig. 4). When the wheel contacts with the soil, the potentiometer rotates according to the sinking
amount of the plough into the soil. Thus, the resistance of the potentiometer changes and the tillage depth is calculated by Arduino
Due microcontroller board [23-25].

Figure 4. Depth control wheel and potentiometer

In the designed automatic control system, the movement of the hydraulic control lever is ensured by a servo motor (12V,
380kg.cm) mounted on the control lever at the back of the tractor (Fig. 5). For the hydraulic control lever’s level setting, the
servo motor was controlled between 0-100°. 12V DC voltage for servo motor was taken from the tractor battery and the control
pin was connected to the digital output of the Arduino Due microcontroller board.

Figure 5. Servo motor mounted on the control lever
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The warning system is provided with three LEDs, namely red, yellow, green. A buzzer is also provided to alert the operator.
The green led glows continuously to indicate the working of developed system and show that slip value is less then %15. Yellow
led glows when the slip value exceeds %15. Red led glows and buzzer starts when the slip value exceeds the value 25%. The
flow diagram of the developed warning system is shown in Fig. 6. In the studies carried out with the warning system, the operator
was asked to adjust the depth according to the information from the LEDs and buzzer.

For the designed warning system, the amount of slip occurring on the left and right rear wheels was averaged, and LEDs
were glowed according to this average slip value. The average slip amount was calculated as:

— Sir+Prr

Savg - 5 (3)
where Sayg - Average amount of slip, [%]; Sir - Left rear wheel slip amount, [%]; Si - Right rear wheel slip amount, [%].

Yy v v

Left Right Front

Rear Rear Wheel
Wheel Wheel Slip
Speed Speed

v v

CALCULATION OF WHEEL
SLIP

Green Led = ON

Yellow Led = ON

Figure 6. Developed warning system

In this study, an on-off based automatic control system was also developed to compare it with the warning system. A servo
motor is added to control hydraulic control lever and the software on the Arduino Due microcontroller board was updated. For
the designed automatic control system, the position of the hydraulic control lever was set according to average slip value.

An Android application was developed to set the tillage depth of the tillage equipment. The communication between
phone/tablet and the Arduino Due microcontroller card was done via Bluetooth. With the application, the tillage equipment can
be lifted up and down with an accuracy of 1cm (+/-). There are also buttons for the tillage equipment to be lifted up and down
completely (Lift UP/Lift DOWN). With this application the desired depth of tillage can also be directly set (Fig. 7).

| Bluetcoth ON Bluetcoth OFF |

Set

Memory Lift UP

Call Memory Lift DOWN

Figure 7. Screen of Android App

The flow diagram of the automatic control system is given in Fig. 8. The rules that are valid for the operation of the automatic
control system were established as follows:
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IF Savg<15, THEN Depth=SAME
IF Savg>15, THEN Depth=REDUCE by 50%

vy v v

Left Right Front
Rear Rear Wheel

| Servo Motor | Wheel| | Wheel Slip

CALCULATION OF WHEEL
sLip

Depth=The ‘SET" Depth

| Depth=(The ‘SET’ Depth)/2

Figure 8. Developed automatic control system

The field tests were conducted at the Saricalar Application Farmland of the Faculty of Agriculture of Selcuk University
ve : ew Hollan model tractor was used and the tillage equipment was a 5-furrow plough.
(41°82°27”N ve 45°60°15”E). A New Holland TD110D model d and the till i 5-fi lough

The operating width was 1.66 m.
A HC-06 Bluetooth module for Bluetooth communication and a MicroSD card module for data recording were also added to

designed systems.
In the trials, the average slip amounts, fuel consumption, total draft force, and tillage depth values were measured. These data

were recorded on a SD card (Fig. 9). To reduce experimental errors, trials were conducted in the form of three repetitions.

Figure 9. Electronic control board (a. Neo-6M GPS Module, b. HX711 modules, c. 7805 Voltage Regulators, d. Arduino Nano
fuel measurement unit, e. Arduino Due data collection/processing unit, f. LM741 OPAMPs for filtering, g. LEDs for warning,
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h. +12V Power connection, i. flow meter connection pins, j. Hall effect sensor connection pins, k. Loadcell connection pins, .
Servo motor connection pins, m. Shortcut program buttons, n. Bluetooth module, 0. MicroSD card module)

3. RESULTS AND DISCUSSIONS

A total of nine tests were carried out to compare the results; three repetitions for warning system, three repetitions for
automatic control system and three repetitions for the operator’s own control. Forward speed was set to 4.6 km/h and the tillage
depth was set to 25 cm.

The result graphics obtained from automatic control system are given in Figure 10. In studies conducted with the automatic
control system, the actual forward speed varied between 3.7 and 4.6 km/h. The drop in actual forward speed can be explained
by the increased amount of wheel slip. Wheel slip was changed between %4 and %32 and fuel consumption was changed between
8 and 13.7 L/ha. The minimum draft force was 20 kN while the maximum draft force was 28 kN. The minimum tillage depth
measured was 20.5 cm. Similar results have been reported in past studies [1, 8, 26].
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Figure 10. Results of automatic control system

The result graphics of warning system are given in Figure 11. The actual forward speed varied between 3.7 and 5.5 km/h in
this study. The minimum wheel slip was %4 and the maximum wheel slip was %37. Fuel consumption was changed between
7.5 and 12.5 L/ha. Draft force changed between 14 — 29 kN. The minimum tillage depth measured was 18 cm. Researchers
reported similar results with the warning systems they designed [28, 29].
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The result graphics of operator control are given in Figure 12. The minimum actual forward speed was 2.8 and the maximum
forward speed was 4.6 km/h. The wheel slip was changed between %4.5 and %53. Minimum fuel consumption was measured
as 9 L/ha and maximum fuel consumption was measured as 23 L/ha. Draft force changed between 20 — 29 kN. The minimum
tillage depth measured was 19 cm. Similar results have been reported by researchers in previous studies [11, 32, 33].
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In all control methods, the minimum and maximum slip values obtained according to operating conditions were found to be
above the 10-15% optimum value range. In the trials conducted with the automatic control system, the average slip values
remained within the optimum operating range.

Table 1. Average value table for different control methods

Slip Fuel consumption Total draft force Tillage depth
(%) (L/ha) (kN) (cm)

Min  Max Avr Min Max Avr Min Max Avr Min Max Avr

Warning System 3.0 37.0 1520 7.48 1247 10.05 1392 29.27 2377 18.00 28.75 24.93

Automatic Control

4.0 320 1209 798 1373 945 19.66 28.04 2238 2050 27.75 24.27
System

Operator 4.5 53.0 1560 896 2323 1231 20.26 29.25 23.53 19.00 28.75 24.97

When the results of the trials were examined, it was seen that the minimum average wheel slip (12.09%) was in the trial
conducted by the automatic control system and the maximum average wheel slip (15.60%) was in the trial performed by operator
control. When the values were compared, it was observed that the average wheel slip values decreased by 2.6% in the warning
system and by 29.03% in the automatic control system compared to the trials conducted in operator control.

Minimum average fuel consumption (9.45 L/ha) has measured in the trial conducted by the automatic control system and the
maximum average fuel consumption (12.31 L/ha) was in the trial performed by operator control. When the values were
compared, it was observed that the fuel consumption values decreased by 22.49% in the warning system and by 30.26% in the
automatic control system compared to the trials conducted in operator control.

It was seen that the minimum average total draft force (22.38 kN) and the maximum average total draft force (23.77 kN) was
in the trial performed by warning system. It was observed that the total draft force values were almost same in warning system
and operator control. But the total draft force decreased by 5.14% in the automatic control system compared to the trials
conducted in operator control.

When the results of the tillage depth are analyzed, the values of minimum 18.00 cm (in the experiments carried out with the
warning system) and maximum 28.75 cm (in the experiments carried out with the automatic control system and by the operator
when no system was active) are obtained. Values below 25 cm seen here were caused by the tillage implement being lifted in
case of strain. On the other hand, values over 25 cm emerged when the depth measuring wheel connected to the tillage machine
encountered a protrusion (stone, clod, grass cluster, etc.) on the soil surface. When the average soil tillage depth values obtained
were compared, it was observed that almost equal values appeared in all different control methods.

4. CONCLUSION

When the data obtained were analyzed, it was seen that the operator could not feel the small values of the wheel slip that
occurred during the tillage activities. They could feel the wheel slip after the value %30-35. With the warning system that informs
operator about the magnitude of wheel slip, it was observed that the operators intervened more in the tillage depth during the
tillage activities, but the time for their interventions was quite long. In the experiments carried out with the automatic control
system, it was observed that the automatic control system intervened with the tillage depth as soon as the wheel slip value rises
above the optimum value. The intervention to the tillage depth of the automatic control system was faster than the operator and
it did not miss the excess of optimum wheel slip. In the tillage operation carried out by the automatic control system, the operator
did not need to make any additional effort. In addition, the parts of the tractor, especially tires, will suffer less damage and
increase their lifetime.

In the trials carried out with the automatic control system, the fuel consumption decreased, but the average tillage depth
values almost did not change. When all these are evaluated, it can be said that automatic control system performed more
efficiently according to the warning system and the operator's own control.

REFERENCES

[1] S.M. Shafaei, M. Loghavi, S. Kamgar, “A practical effort to equip tractor-implement with fuzzy depth and draft control
system,” Engineering in Agriculture, Environment and Food 12, 191-203, 2019.

[2] G. Moitzi, H. Weingartmann, J. Boxberger, “Effects of tillage systems and wheel slip on fuel consumption,” Energy
Efficiency and Agricultural Engineering — International Scientific Conference 7.-—9. 2006, Rousse, Bulgaria, 2006.

856



NOHU Miih. Bilim. Derg. / NOHU J. Eng. Sci. 9(2): 848-858

S. Serhat, C. Kazim

[3] G.Moitzi, Kraftstoffeinsatz in der Pflanzenproduktion. Kraftstoffkostensparen in der Landwirtschaft. OKL-Kolloquium
2005 an der Universitét fiir Bodenkultur, Wien, 2005.

[4] ASAE Standard, “Uniform Terminology for Traction of Agricultural Tractors, Self-Propelled Implements, and Other
Traction and Transport Devices,” S296.2, ASABE Standards, St Joseph, MI, 1983.

[5] R.D. Wismer, H.J. Luth, “Off-road traction prediction for wheeled vehicles,” ASABE Paper No. 72-619, 1972.

[6] W.W. Brixius, “Traction Prediction Equations for Bias Ply Tires,” ASAE Paper No. 871622. ASABE St. Joseph. MI
49085, 1987.

[7] F.M. Zoz, “Predicting tractor field performance,” Trans. ASAE 15 (2), 249-255, 1972.

[8] C. Gupta, V.K. Tewari, A.A. Kumar, P. Shrivastava, “Automatic tractor slip-draft embedded control system,”
Computers and Electronics in Agriculture 165, 104947, 2019.

[9] S. Ekinci, K. Carman, “Effects Of Some Properties Of Drive Tires Used In Horticultural Tractors On Tractive
Performance,” Journal of Agricultural Sciences. 23 (1), 84-94, 2017.

[10]P.A. Cowell, S.C. Len, “Field performance of tractor draught control systems,” J. Agric. Engng Res. 12 (3), 205-221,
1967.

[11]P.K. Pranav, K.P. Pandey, V.K. Tewari, “Digital wheel slipmeter for agricultural 2WD tractors,” Computers and
Electronics in Agriculture 73, 188-193, 2010.

[12]N. Singh, G. Singh, V.M. Salokhe, “Cyclic variation in moldboard plow draft and its effect on implement control
systems,” Soil Tillage Res. 21, 273-286, 1991.

[13]M.J. Dwyer, D.A. Crolla, G. Pearson, “An investigation of the potential for improvement of tractor draught controls,”
J. Agric. Engng Res. 19, 147-165, 1974.

[14]P.A. Sanchez, S.K. Upadhyaya, K. Sakai, “Variability in Draft Data Observed During Tillage,” An ASAE Meeting
Presentation. Paper No. 031121, 2003.

[15] P.K. Pranav, “Development of slip sensing and control system for two wheel drive tractors,” Unpublished Ph.D thesis,
IIT Kharagpur, 2011.

[16]P.A. Cowell, M.J. Milne, “An implement control system using pure draught sensing and modified linkage geometry,”
J. Agric. Engng Res. 22, 353-371, 1977.

[17]1V.G. Arude, D.T. Pacharne, V.K. Tewari, “Location of controls and operator’s activities in Indian tractors,” Agric.
Mech. Asia Afr. Lat. Am. 30 (3), 19-22, 1999.

[18] S.M. Ismail, G. Singh, D. Gee-Clough, “Preliminary investigation of a combined slip and draught control for tractors,”
J Agric Eng Res. 26, 293-306, 1981.

[19] S.M. Ismail, G. Singh, D. Gee-Clough, “Comparison of the field performance of three implements control systems for
a tractor,” J. Agric. Engng Res. 28 (6), 521-536, 1983.

[20] T. Marakoglu, K. Carman, “Energy balance of direct seeding applications used in wheat production in middle Anatolia,”
African Journal of Agricultural Research, 5(10), 988-992, 2010.

[21]A.A. Al-Janobi, S.A. Al-Suhaibani, “Draft of primary tillage implements in sandy loam soil,” Appl. Eng. Agric. 14 (4),
343-348, 1998.

[22] H. Raheman, S.K. Jha, “Wheel slip measurement in 2WD tractor,” Journal of Terramechanics 44, 89-94, 2007.

[23]A. Al-Janobi, “A Data-acquisition System to Monitor Performance of Fully Mounted Implements,” J. Agric. Engng
Res. 75, 167-175, 2000.

[24] A. Yahya, M. Zohadie, A.F. Kheiralla, S.K. Giew, N.E. Boon, “Mapping system for tractor-implement performance,”
Comput. Electron. Agric. 69 (1), 2-11, 2009.

[25] S.A. Al-Suhaibani, A.E. Ghaly, “Comparative study of the kinetic parameters of three chisel plows operating at different
depths and forward speed in a sandy soil,” Int. J. Eng. Sci. 2 (7), 42-59, 2013.

[26]P.K. Pranav, V.K. Tewari, K.P. Pandey, K.R. Jha, “Automatic wheel slip control system in field operations for 2WD
tractors,” Computers and Electronics in Agriculture 84, 1-6, 2012.

[27] G. Moitzi, H. Wagentristl, K. Refenner, H. Weingartmann, G. Piringer, J. Boxberger, A. Gronauer, “Effects of working
depth and wheel slip on fuel consumption of selected tillage implements,” Agricultural Engineering International, The
CIGR e-journal 16(1), 182 — 190, 2014.

[28] A.A. Kumar, V.K. Tewari, C. Gupta, C.M. Pareek, “A device to measure wheel slip to improve the fuel efficiency of
off road vehicles,” Journal of Terramechanics 70, 1-11, 2017.

[29] A.A. Kumar, V.K. Tewari, B. Nare, “Embedded digital draft force and wheel slip indicator for tillage research,”
Computer and Electronics in Agriculture 127, 38-49, 2016.

[30]S.M. Shafaei, M. Loghavi, S. Kamgar, “Development and implementation of a human machine interface-assisted digital
instrumentation system for high precision measurement of tractor performance parameters,” Engineering in Agriculture,
Environment and Food 12, 11-23, 2019.

[31]S. Karparvarfard and H. Rahmanian-Koushkaki, “Development of a fuel consumption equation: Test case for a tractor
chisel-ploughing in a clay loam soil”, Biosystems engineering, 130, 23-33, 2015.

857



NOHU Miih. Bilim. Derg. / NOHU J. Eng. Sci. 9(2): 848-858

AUTOMATIC CONTROL OF WHEEL SLIP IN SOIL TILLAGE

[32]Y. Dilay, K. Sabanci, A. Ozkan and C. Aydin, Traktorlerde Patinajin Sensor Yardimiyla Hesaplanmasi, Tarim
Makinalar1 Bilimi Dergisi, 12 (1), 45-50, 2016.

[33] E. Giilsoylu and T. Giinhan, “Traktor ve Tarim Makinalar1 Tarla Performansinin Belirlenmesinde Kullanilan Bir Veri
Toplama Sistemi”, Tarim Makinalar1 Bilimi Dergisi, 3 (4), 225-231, 2007.

858



