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ABSTRACT 
 

Estimating the amount of fuel consumption of an agricultural tractor during various tillage 
operations will help the selection of the best conservation practices for farm equipment. Draft 
requirements often dictate the size of the power unit required on a particular farm and, therefore, 
will also be required for energy management decisions. They will also be considered a prominent 
factor during the selection of a tractor’s machinery and power source. In addition, ground speed 
measurement is not only necessary for many agricultural machinery applications but also to 
monitor and map crop yield and properly change the application rate of agricultural inputs. There 
are several methods and techniques to measure a tractor’s fuel consumption, draft force, and 
ground speed. All these methods have many advantages and disadvantages depending on the 
tractor, the implement used, and the operating conditions. This article reviews some of these 
methods, providing scope for further research to focus on the potential development and 
improvement of the measurement methods, and this could positively affect the accuracy of the 
data and final results of the research. 
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1. INTRODUCTION 
 
Tillage is a very important practice in agriculture 
[1,2,3,4] and, one of the major energy consumers 
in agricultural production; its efficiency is 
measured by the power consumption [5] and 
considered as the most fuel-consuming practices 
in agriculture [6,7]. Plowing as a part of tillage 
also accounts for more traction energy than any 
other field operation and often determines the 
size of the suitable tractor. It consumes up to 
59% of all diesel required for the complete 
technology [8].   
 
There are many methods to decrease the 
tractor’s fuel consumption during tillage 
operations. One of them is the wheel slippage 
reduction to the minimum, whereas great 
slippage deteriorates the structure of soil and 
increases fuel consumption. Therefore the issue 
of reducing the tractor wheel slippage during 
tillage have been investigated and reported by 
many researchers [9,10,11,12,13,14]. Estimating 
the amount of fuel consumption of an agricultural 
tractor during various tillage operations will help 
the selection of the best conservation practices 
for farm equipment [15,16].  
 
Implement energy requirements vary greatly with 
soil type, soil moisture, soil density, previous 
treatment, ground cover, and operation speed 
and depth [17]. Draft requirements will often 
dictate the size of the power unit required on a 
particular farm. Since the power unit represents a 
major capital investment, a better understanding 
of draft requirements can aid machinery 
management decisions. Energy management of 
agricultural machinery will also be increasingly 
important in the future. Draft requirements will 
also be required for energy management 
decisions [18]. The implement draft force is used 
to determine the fuel consumed for soil tillage 
because the decrease in draft could lead to a 
decrease in tractor's fuel consumption. 
 

Measurement of ground speed is necessary for 
many agricultural machinery applications. The 
ground speed is needed to monitor and map crop 
yield and properly change the application rate of 
agricultural inputs such as pesticides and 
fertilizers in precision agriculture [19,20,21,22]. 
 

2. MEASUREMENT OF THE TRACTOR 
FUEL CONSUMPTION 

 

Diesel engines have two fuel-lines: A delivery 
line from the tank to the cylinders, and a return 

line, to convey back in the tank the fuel not 
injected as a consequence of the accelerator 
position and pump settings [23]. Measurement of 
fuel consumption on a diesel engine requires 
compensation for fuel returned to tank from the 
injectors and injection pump. The return flow is 
often hot and foamy, making accurate 
measurement difficult [24]. 
 
To find the effect of some operating factors on 
the farm tractor during the tillage practice 
Mamkagh measured the fuel consumption using 
the traditional, manual method wherein the fuel 
tank is filled to full capacity and the amount of 
fuel consumed is then calculated [6,7,25,26]. 
 
Green et al. [27] developed an instrumentation 
package to monitor tractor performance on a 
John Deere 4440 tractor where performance 
variables measured included front and rear 
wheel rotational speed, ground speed by Doppler 
radar, engine speed, differential speed, drawbar 
pull, axle torque and fuel consumption. They 
measured the fuel consumption with a fluidyne 
instrumentation model 1214-D flow measurement 
system. Primary components of the system were 
a four-piston positive displacement flow 
transducer with two phase (quadrature output) 
photo optical transmitter, a thermocouple probe 
installed in-line before the flow transducer for 
sensing fuel temperature, and a flow 
indicator/totalizer which displayed digital              
values of average fuel flow (lb/h), fuel 
temperature (°F), and totalized values of fuel 
metered (lb).  
 
Also Bedri and Al-Hashem [28] developed an 
instrumentation package for monitoring tractor 
performance. The package included a data 
acquisition system and transducers for 
monitoring forward speed, rear wheel speed, fuel 
consumption and drawbar pull. They measured 
the fuel flow with an RS 256-225 turbine flow 
transducer of a range of 3-90 L/hr. The 
transducer has a neutrally buoyant rotor that 
spins with the fuel at rotational velocity 
proportional to the fuel flow. The rotor movement 
is sensed when a hall effect switch inside the 
housing is activated by three small magnets in 
the turbine. The transducer was connected 
between the main fuel tank and the injection 
pump for measuring the fuel flowing from the 
tank. Heat exchanger placed in front of the 
tractor radiator and used to cool the return fuel 
from the injection pump and the injectors which 
then returned to an intermediate vented fuel tank 
as shown in Fig. 1. Finely, they concluded that 
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their results reflected a high precision for the 
transducers and the data acquisition system. 
 
To study the effect of plow depth on tractor's fuel 
consumption during moldboard plowing 
Fathollahzadeh et al. [29] installed two turbine 
type fuel flow meter sensors on a diesel engine 
of the John Deer tractor. An electronic board 
received and saved digital pulses from these 
sensors. 
 
Kheiralla et al. [30] used oval flow meter sensor 
to measure fuel consumption of the tractor which 
was located between injection pump and fuel 
filter. 
 
A tractor monitor circuit was developed by Pang 
et al. [31] to measure the tractor fuel 
consumption indirectly. This device used the 
exhaust gases temperature and fifth wheel 
signals to provide an output proportional to 
instantaneous fuel consumption in terms of liters 
per hectare. The standard error of that monitor 
system was 0.07 L/ha. 

 
When Ranjbarian et al. [32] studied the 
performance of tractor and tillage implements in 
clay soil the fuel consumption was measured by 
using a secondary tank of 8L capacity with a 
level marked tube and bulb with volume of         
138.6 cm

3
 (Fig. 2). The tank was installed and 

connected to the tractor fuel tank through hoses 
and two valves. The tank was first filled with fuel 
during the actual run. The tractor was first let go 
on its fuel from the main tank. To measure the 
fuel consumption during a specific field 
operation, the secondary tank was utilized 
through the valves to fill the bulb. Then, turn the 
valves off and used stop watch when the fuel 
arrived to the first mark of the bulb. After the fuel 
arrived to the second mark, turn off the stop 
watch at the same time. The bulb had constant 
volume, so it was easy to calculate the fuel 
consumption. 
 
Moitzi et al. [33] installed a high-performance 
flow meter (PLU 116H, AVL 2005, List, Graz, 
Austria) with a proportional–integral (PI) 
controller in the fuel system of the tractor (Fig. 3). 
They measured volumetric fuel consumption 
continuously with a measurement precision 
uncertainty of 0.3% with a negligible pressure 
drop between inlet and outlet, also air bubble 
releaser and heat exchanger between fuel inlet 
and fuel outlet of the measurement system were 
installed. The digital rectangular signal was 
logged with a scan rate of 1 Hz.  

Then they calculated consumption flow rate          
(L.h

-1
) according the below equation: 

 

 
 

 
  

When Gonzalez-de-Soto et al. [34] used a 
robotic tractor in weed and pest control a fuel 
measurement system consisted of two flow 
sensors as shown in Fig. 4 measured the fuel 
flow during the experiment. The instantaneous 
fuel consumption was the difference between the 
data from flow meter 1 and the data from flow 
meter 2. Because a substantial amount of noise 
was observed during the measurement process 
due to high temperature of the fuel returned they 
had to add a cooling device in the return line 
before the flow meter. 
 

A high precision computerized instrumentation 
package was developed by Singh and Singh [35] 
and mounted on a 50 kW tractor to monitor and 
measure the three-point linkage forces, ground 
speed, tillage depth, fuel consumption, forward 
speed, wheel slip, engine speed, hydraulic 
pressure and fluid temperatures. They measured 
the fuel flow rate with turbine flow transducer 
which located between the main fuel tank and 
the injection pump. This transducer had a 
neutrally buoyant rotor that spins at rotational 
velocity proportional to the fuel flow. The fuel flow 
transducer calibration was achieved by collecting 
the output pulses for a known volume (100 ml) of 
diesel fuel. 
 

3. DRAFT MEASUREMENT 
 
Minimum power consumption and improved 
operating efficiency can be obtained by ideal 
matching of the tractor and implement. This can 
be achieved by measuring the draft force 
required by tillage implements which is a 
prominent factor during selection of machinery 
and power source of the tractor [36]. 
 
Bedri and Al-Hashem [28] measured the draft 
with a 10 tone Novatech 50-204 bidirectional 
load cell. During their experiment link points 
between the drawbar and load were modified to 
assure that the load cell is maintained 
horizontally. Also, a Novatech amplifier 58-307 
was connected between the load cell and the 
data logger. They concluded that the study 
results reflected a high precision for the 
transducers and the data acquisition system. 
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While Green et al. [27] measured draft with a 
proving ring load cell mounted on the front end of 
the existing drawbar. The load cell consisted of a 
full wheatstone bridge assembly with 35 ohm 
gage located in the proving ring to maximize 
effects of axial forces and minimize effects of 
bending moments. 
 
To measure the draft of mounted implements 
Tewari et al. [37] developed a three point                

hitch system. It consisted of four parts               
including the arms with extension for left and 
right, sensing components, inverted T frame               
and a head bar as shown in Fig. 5a. The                  
force sensing elements consisted of three                 
load cells, which were inserted between the 
frame and the hook brackets. The front                  
end of the frame attached to the tractor and the 
rear end attached to the implement as sown in 
Fig. 5b. 

 

 
 

Fig. 1. Design of fuel measurement system [28] 
 

 
 

Fig. 2. The fuel meter [32] 
 

 
 

Fig. 3. Fuel consumption monitoring system [33] 
1. Fuel tank; 2 Pre-pump; 3. Pressure control with manometer; 4. Pre-filter;  

6. Flow-meter PLU 116H; 7. Fuel pump; 8. Fuel injection pump; 9. Fuel/fuel heat Exchanger  
10. Glass sight gauge for fuel recirculation control 



Fig. 4. Scheme of the fuel flow measu

 

Fig. 5. a) Developed Three point linkage dynamometer, b) Field testing of the developed three 
point hitch dynamometer with an implement 

When Roeber et al. [38] developed a high 
precision computerized instrumentation package 
to monitor and measure various performance 
parameters of a tractor and implement system 
the draft measurement was achieved with 20 kN 
and 15 kN Novatech 50-204 bidirectional pin type 
load cell used as a connector to attach top link 
and lower link of tractor to implements. They 
found no significant differences between drawbar 
and load car measurements confirming that the 
system developed as part of their research 
project can be used for field use. 

 
4. GROUND SPEED 
 
There are a number of techniques for the 
determination of the ground speed; however, 
each of these methods has some disadvantages 
[39]. 

 
To measure the tractor ground speed Tompkins 
et al. [40] used a pneumatic free
wheel arrangement on the left side of the tractor 
as indicated schematically in Fig. 6. A hydraulic 
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Fig. 4. Scheme of the fuel flow measurement system [34] 
 

 

 

Fig. 5. a) Developed Three point linkage dynamometer, b) Field testing of the developed three 
point hitch dynamometer with an implement [37] 

 

[38] developed a high 
precision computerized instrumentation package 

onitor and measure various performance 
parameters of a tractor and implement system 
the draft measurement was achieved with 20 kN 

204 bidirectional pin type 
load cell used as a connector to attach top link 

implements. They 
found no significant differences between drawbar 
and load car measurements confirming that the 
system developed as part of their research 

There are a number of techniques for the 
determination of the ground speed; however, 
each of these methods has some disadvantages 

To measure the tractor ground speed Tompkins 
[40] used a pneumatic free-floating fifth 

wheel arrangement on the left side of the tractor 
as indicated schematically in Fig. 6. A hydraulic 

cylinder was used to raise and lower the wheel. 
Taken from the original design [41] a gear and a 
magnetic sensor were used to count the wheel 
rotation. 
 

Using another method, they designed and 
constructed a front-wheel speed sensor as 
shown in Fig. 7, where a gear was mounted on 
the hub of the front left wheel of the tractor. A 
Disc Instruments Inc. Model EC82 increm
optical shaft encoder was mounted on the 
assembly axle. Thus, the encoder produced 150 
pulses per revolution of the front tractor tire.
 

For the same purpose, they mounted a single
beam radar on the right side of the tractor engine 
compartment. Operating on the Doppler 
frequency shift principle, this sensor transmitted 
and received radio frequency at 24.125 GHz. 
The measured frequency difference between 
transmitted signals and those reflected from the 
ground surface was proportional to the ground 
speed of the vehicle. Output from the radar unit 
was routed directly to the counter board in the 
microcomputer. 
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Fig. 5. a) Developed Three point linkage dynamometer, b) Field testing of the developed three 

cylinder was used to raise and lower the wheel. 
Taken from the original design [41] a gear and a 

were used to count the wheel 

Using another method, they designed and 
wheel speed sensor as 

shown in Fig. 7, where a gear was mounted on 
the hub of the front left wheel of the tractor. A 
Disc Instruments Inc. Model EC82 incremental 
optical shaft encoder was mounted on the 
assembly axle. Thus, the encoder produced 150 
pulses per revolution of the front tractor tire. 

For the same purpose, they mounted a single-
beam radar on the right side of the tractor engine 

ting on the Doppler 
frequency shift principle, this sensor transmitted 
and received radio frequency at 24.125 GHz. 
The measured frequency difference between 
transmitted signals and those reflected from the 
ground surface was proportional to the ground 

d of the vehicle. Output from the radar unit 
was routed directly to the counter board in the 
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Fig. 6. Schematic of fifth wheel ground speed sensor; part of the original figure from [40] 
 

 
 

Fig. 7. Schematic of ground speed sensor mounted on left front tractor wheel [40] 
 

From the results, they noted that both the front- 
and fifth-wheel sensors consistently indicated 
ground speeds less than actual on all soil 
surfaces due to slip between the tire and the 
tractive surface. 
 
Keskin and Say [39] investigated the 
effectiveness of two low-cost GPS receivers for 
measuring ground speed under varying speed 
conditions of a two-wheel drive agricultural 
tractor on four different dates. They used a rotary 
shaft encoder on an auxiliary wheel mounted on 
an agricultural tractor as a reference case and 
they concluded that the GPS receivers provide 
reliable data during constant speed operating 
conditions. 
 

5. CONCLUSION 
 
An agricultural tractor’s fuel consumption can be 
measured using the traditional, manual method 
wherein the fuel tank is filled to full capacity and 
the amount of fuel consumed is then calculated. 
However, nowadays, it is often measured using 

novel systems such as a fluidyne instrumentation 
flow. The instrumentation package includes a 
data acquisition system and transducers, a 
turbine flow transducer, a developed tractor 
monitor circuit that uses the exhaust gas 
temperature, a secondary tank, a high 
performance flow meter with a proportional 
integral controller, fuel flow sensors, and a    
high-precision computerized instrumentation 
package.  
 
Draft force can be measured by using many 
devices like; a 10 tone Novatech bidirectional 
load cell between the drawbar and load, a 
proving ring load cell mounted on the front end of 
the drawbar, developed a three point hitch 
system and a high precision computerized 
instrumentation package. 

 
To determine the tractor ground speed, a number 
of techniques were found, such as fifth-wheel 
arrangement, front-wheel speed sensor, and 
single-beam radar on the right side of the tractor 
engine compartment. 
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All measurement systems mentioned above have 
many advantages and disadvantages depending 
on the tractor and implement used and operating 
conditions. 
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