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Abstract.The pneumatic pressure and wheel load are also conveniently controlled parameters that hold 

an important role in tillage operations to minimize the energy loss fall. This dimension has a great deal 

to do with soil tillage and fuel usage. This research centered on the tire pressure and the impact on the 

fuel usage of excess weight. The experimental unit consisted of a 4WD MF 470 Xtras and a reversible 

3-bodies plough. The pressure of inflation in tubes ranging from 1.02, kg/ cm2 to 2.45 kg / cm2 and 

varied in mass between 200 and 500 kg based on the ballast mass of the tractor and inflation rate of 

the pneumatic tires are indicated. As the pneumatic tire difference ranges from 7% to 15% (normal 

soil slip), decreasing pneumatic inflation eliminates the slip of the driving wheel, thus increasing 

functionality efficiency. The rise in tractor weight (adding ballast weight) decreases drive slip, 

improves work efficiency and improves fuel usage and the compaction of land.  

Keywords. Slippage ratio, fuel consumption, extra weight, tire pressure, tillage speeds, tillage 

operation 

Introduction 

 

With the progress of modern farming, the amount of machinery and its power raise, agriculture and 

energy use become more attentive and labor costs are being decreased. Tractors are the primary sources 

of resources for livestock, including pneumatic tires for the major part. Four-wheel drive transmissions 

are typically used by farm tractors (Molari et al., 2012). Due to the usage of recent technologies on 

farm machinery and, more importantly, tractors, there has been a clear scope for increasing 

performance and tracking motor variables (Pitla et al. 2016). Tractors are called the key power-

producing instruments in agriculture for field operations. Fuel use relies on traction power and loss of 

power for a tractor in action (Peca et al.,2010). 

For ploughing, tractors are used, which is the costliest element in the arable farmer 's budget. A major 

parameter which impacts the performance of tractors in plugging is the use of tractor fuel. (Adewoyin 

and Ajav, 2013). The most appealing role of profitable use of tractor power is to reduce the operating 

costs and thus the production costs of farm products. Land planning is one of the field's most energy-
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efficient activities. Studies show that 20% to 55% of the tractor power available is wasted at the 

pneumatic soil interface. Wear tires and soil compaction along with this loss (Taghavifar et al,.2014). 

The vertical load of the wheel and the tire pressure are both factors that are simple to control and serve 

an important role in tillage operations to reduce the loss of energy. This factor greatly impacts the fuel 

usage and soil laying time needed (Damanauskas, and Janulevičius, 2015). 

Vertical loads of wheels and tire pressures play crucial roles in regulating the tractor's slip and fuel 

usage. The results of the test showed that the option of a well-targeted ballast masses, along with a 

combination of likely lowest air pressure in front / rear pipes, which produce a strong driving lead on 

the front wheels, is required for minimizing fuel consumption and that the MFWD tractor draft 

(Janulevičius et al,.2018). 

The calculations showed the potential to boost drawbar characteristics and subsequently, the fuel usage 

by the inflation of tires by suitable tire sizes. The findings reveal, that the slip will not reach 15 %, 

because it creates decreased power output to the floor. The results indicate that the slip will not surpass 

15 %. 

Low-profile pneumas were lowered by 180 to 65 kPa and/or 75 kPa which resulting in a rise of 24.7 

% in front tire size and a 31.1 % in back tire footprint. This move had a significant effect on the actual 

use of tractive petrol, which, based on travel speed, fell from 3.4% to 16.0%. The outcomes of the 

measurements showed that lowering the inflation of tires in suitable tires could even enhance the 

traction qualities and therefore the fuel consumption (Šmerda, and Čupera, 2010). Fuel consumption 

of 3.75e3.8 L-h-1, (the lowest fuel consumption) was recorded for front/rear tires of 150/70, 190/110 

and 230/115 kPa respectively (Janulevičius, and Damanauskas.2015). 

Higher inflation pressure on tires shows a small decrease (3% – 5%) in operation-levels and a 

substantial rise in fuel usage per hectare (10% – 25%) even though the slippage range (7% –15%) is 

in strong traction in dry soils for agriculture (Serrano et al,.2009). 

 

Material and methods 

 

The field studies in Al-Musaib Alawsat Technical University have taken place within 50 km of the Al-

Musaib Technical University. The field was situated in Baghdad 's southern part, Iraq. The land is 

composed mainly of silty clay in the region of Iraq. Table 1 displays some practical field checks before 

tillage operation. 

Table 1. Iraq field physical soil properties 

property

 

Bulk Density 

m3/mg 
Sand % SILT % CLAY % 

 1.40 15 47 38 

EC ds.m pH C% MG% N% 

1.45 8.2 0.3 0.13 0.18 
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A tractor Massey Ferguson MF 470 Xtra and three-body local Iraqi were constructed to observe the 

impact of the slip of the tractor, the consumption of and the efficiency on tire inflation and ballast 

mass. Table 2 lists tractor configuration used for the test and Table 3 lists plough specifications. 

Table 2. The Massey Ferguson specification  

Property Value 

MF 470 Xtra Performance MF 470 Xtras 

Max Hp (kW) power 120 (89.5) 

Max Torque 470 

Rated engine speed 2200 

Engine type 420DS 

No. of Cylinders 4 

Capacity 4400 

Aspiration Turbo 

3-point linkage control Mechanical 

Lift capacity 3800 

Oil flow 17 

4wd 14.9-24 

Rear 18.4-34 

Weight without Ballast Cab/Platform 4600/4210 

Length 4630 

Height over exhaust 2640 

Wheelbase 2730 

Fuel tank 200 

Engine oil 15 

Transmission oil 46 

 

Table 3. The technical specifications of the Bottoms Disk Plough disk plough 

Property Value 

Model PMa 

Size 3 bottom Disk plough  

Length  2750mm 

Width  1350mm 

Height 1350mm 

Diameter of 

disks  

710mm 

Maximum Depth 300mm 

Width of cut 1230mm 

Weight 185kg 

 



Solid State Technology 
Volume: 63 Issue: 3 

Year: 2020Publication  
 

 
 

Archives Available @ www.solidstatetechnology.us 

5
2
8
1

 

The plough had a functioning depth of 20 cm. For the experiment, a value of the ploughing resistance 

to the traction that emerged in the experiments was acknowledged for processing of the results. The 

findings included only measurements in the lying with a tillage speed of 3.4, 4.9, 6.5, 8.2 km / h with 

a speed of 2000 ± 10 rpm where the traction force deviation from the prevailing (average) values did 

not reach 5 percent. Tests were conducted with one direction and then in the other direction, and the 

overall effect was determined from the tests received. There have been repeated tests three times. 

Tests of the ballast mass before the tractor were conducted at 100, 200, 300,400 and 500 kg. And 

inflation in 1.019,1.529,1.937 and 2.44 kg / cm2 in tractor tires. The tractor's percentage of the slip 

was calculated as follows: (Lee, Gard. 2014). 

𝑆𝑅 =
𝑇𝑉 − 𝐴𝑉

𝑇𝑉
∗ 100 [1] 

AV is the actual tractor speed when SR is the slippage ratio and TV is the Tractor's theoretical speed. 

Using two fuel flow meters for calculating fuel consumption on the engine and attached to the Arduino 

Nano with the Bluetooth interface, One the flowmeters are used for measuring input fuel flow to the 

injector pump and the second is used to measure the fuel returning from the injectors and the injector 

pump to the tank. The fuel consumption was the difference between discharge pumps Figure 1. 

 

Figure 1. Fixing the two fuel flow meters with Arduino 

 

 

Programing Arduino Nano using Arduino IDE tools with Flowing code: 

byte sensorInterrupt = 0; // 0 = digital pin 2 

#define FlowMeterPulsePerSecondPerLiter1 6.9 

#define FlowMeterPulsePerSecondPerLiter2 6.9 

//#define FlowMeterPulsePerSecondPerLiter 7.5 

float FlowCalculationDuration =1000; 

float FlowCalculationStartTime; 



Solid State Technology 
Volume: 63 Issue: 3 

Year: 2020Publication  
 

 
 

Archives Available @ www.solidstatetechnology.us 

5
2
8
2

 

volatile float PulseCount; 

float LPM; 

int LPMdecimal; 

void setup ()  

  {  PulseCount = 0; 

  Serial.begin(115200);   

  LPM1               = 0; 

  LPM2 =0; 

  LPMdecimal        = 2; 

  attachInterrupt(0, pulseCounter0, CHANGE); 

    attachInterrupt(1, pulseCounter1, CHANGE); 

  FlowCalculationStartTime = millis();  } 

void loop ()  

  {CalculateFlow2();} 

void CalculateFlow2() 

  { if (millis()-FlowCalculationStartTime > FlowCalculationDuration) 

    {    LPM = PulseCount/(2*FlowMeterPulsePerSecondPerLiter*(FlowCalculationDuration/1000));    

DisplayLPM(); 

    FlowCalculationStartTime = millis(); 

    PulseCount=0;    } } 

    void pulseCounter2() 

  {  PulseCount++;  } 

  void DisplayLPM() 

  {  Serial.println(LPM,LPMdecimal);  } 

 

Fuel consumption per hectare Fha was calculated according to the following equation: Damanauskas, 

2019) 

𝐹ℎ𝑎 =
𝐹ℎ

0.36. 𝜏. 𝑣. 𝑊
 , 𝑙. ℎ−1 [2] 

Where 

 Fha − hourly fuel consumption, l·ha-1; 

 W − working width of the implement, m; 

τ − utility rate of the working width and time, not dimensional; 

 v − working speed, m·s-1 
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Results 

 

This research centered on pneumatic pressure and increased weight variability impact on fuel usage 

and slippage at various tillage rates. The tractor efficiency metrics (such as ground speed, moving slip 

and consumption) of inflation pressure and ballast mass are seen in Figures 2,3,4 and 5. 

 

 

Figure 2. The increased fuel usage with ballast mass 

Figure 2 indicates that increased fuel usage was observed with ballast mass. Added ballast mass from 

200 to 500 kg (Janulevičius et al., 2018) raises the fuel intake from 8.5 to 21.83 l / h. When tire inflation 

was 1.02 kg / cm2, decreased fuel consumption of 200 to 500 kg rose from 12.82 to 32 l / h. While 

inflation pressure in the tires was 1.53 kg / cm2, improved fuel intake from 16.24 to 40.61 l / h from 

200 to 500 kg. When inflation in the tires was 1.94 kg / cm2, the ballast mass raise by 200 to 500 kg, 

from 20.52 to 51.30 l/h at an inflationary rate of 2.45kg / cm2 in the tires. 
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Figure 3.  Driving slip wheels with the amount of ballast 

Figure 3 indicates that the slip from driving wheels reduced as the amount of ballast was raised 

(Šmerda and Čupera. 2010). Ballast mass from 200 to 500 kg decreased by 9.98% to 4.39% as inflation 

pressure on tires was 1.02 kg / cm2, ballast weight decreased from 16.48% to 6.59%, up from 200 to 

500 kg.  Although tire inflation was 1.53 kg / cm2, the ballast mass rose from 20.90 to 8.36 % from 

200 kg to 500 kg. When the tire pressure of inflation was 1.94 kg / cm2, the rise in the ballast mass 

between 200 and 500 kg decreased the slip from 26.4% to 10.56%. Then the inflation was 2.45 kg / 

cm2. 

 

Figures 2, 3, 4 and 5 demonstrate that while tillage speed rises, fuel usage is also risen (Čiplienė et 

al,.2019), growing tillage speed from 3.4 to 8.2 km/h makes fuel consumption range from 8.55 to 20.62 

l/h when the pressure of inflation in the tires was 1.02 kg/cm2, growing tillage speed from 3.4 to 8.2 

km/h increases fuel consumption from 12.82 to 30.93 l/h when inflation pressure in the tires was 1.53 

kg/cm2, increasing tillage speed from 3.4 to 8.2 km/h increase fuel consumption from 16.24 to 39.18 

l/h when inflation pressure in the tires was 1.94 kg/cm2, increasing tillage speed from 3.4 to 8.2 km/h 

increase fuel consumption from 20.52 49.49 l/h when inflation pressure in the tires was 2.45kg/cm2. 

 

Figures 2, 3, 4 and 5 show that when tillage speed increased slip of driving wheels increased too 

(Janulevičius,  and Damanauskas.2015, Kumar et al,.2019), increasing tillage speed from 3.4 to 8.2 

km/h increase slip from 4.55 % to 10.98 % when inflation pressure in the tires was 1.02 kg/cm2, 

increasing tillage speed from 3.4 to 8.2 km/h increase slip from 6.83 % to 16.48 % when inflation 

pressure in the tires was 1.53 kg/cm2, increasing tillage speed from 3.4 to 8.2 km/h increase slip from 

8.67 % to 20.90 % when inflation pressure in the tires was 1.94 kg/cm2, increasing tillage speed from 

3.4 to 8.2 km/h increase slip from 10.95 % to 26.4 % when inflation pressure in the tires was 

2.45kg/cm2. 

 
Figure 4. the inflation pressure in the tires with fuel consumption 

 

0

10

20

30

40

50

60

S1

S2

S3

S4

kg/cm21.02 1.53 1.94 2.45 

l/h 



Solid State Technology 
Volume: 63 Issue: 3 

Year: 2020Publication  
 

 
 

Archives Available @ www.solidstatetechnology.us 

5
2
8
5

 

Figure 4 illustrates that when inflation pressure in the tires increased fuel consumption 

increased(Kutzbach et al.,2019). Increasing inflation pressure in the tires from 1.02 to 2.45 kg/cm2 

increases fuel consumption from 8.55 to 20.52 l/h when ballast mass was 200 kg, increasing inflation 

pressure in the tires from 1.02 to 2.45 kg/cm2 increase fuel consumption from 12.83 to 30.78 l/h when 

ballast mass was 300 kg, increasing inflation pressure in the tires from 1.02 to 2.45 kg/cm2 increase 

fuel consumption from 17.10 to 41 l/h when ballast mass was 400 kg, increasing inflation pressure in 

the tires from 1.02 to 2.45 kg/cm2 increase fuel consumption from 21.38 to 51.30 l/h when ballast mass 

was 500 kg  

 

 

Figure 5. The inflation pressure in the tires with the slip of driving wheels  

Figure 5 illustrates that when inflation pressure in the tires increased slip of driving wheels increased. 

increasing inflation pressure in the tires from 1.02 to 2.45 kg/cm2 increase slip from 10.98% to 26.4 % 

when ballast mass was 200 kg, increasing inflation pressure in the tires from 1.02 to 2.45 kg/cm2 

increase slip from 7.32% to 17.60 % when ballast mass was 300 kg, increasing inflation pressure in 

the tires from 1.02 to 2.45 kg/cm2 increase slip from 5.49% to 13.20 % when ballast mass was 400 kg, 

increasing inflation pressure in the tires from 1.02 to 2.45 kg/cm2 increase slip from 4.39% to 10.56 % 

when ballast mass was 500 kg 

 

Figures 2, 3, 4 and 5 show when tillage speed increased fuel consumption increased (Rahimiand 

Abbaspour., 2011), increasing tillage speed from 3.4 to 8.2 km/h increase fuel consumption from 9.30 

to 21.28l/h when ballast mass was 200 kg, increasing tillage speed from 3.4 to 8.2 km/h increase fuel 

consumption from 13.96 to 31.92 l/h when ballast mass was 300 kg, increasing tillage speed from 3.4 

to 8.2 km/h increase fuel consumption from 18.61 to 42.56 l/h when ballast mass was 400 kg, 

increasing tillage speed from 3.4 to 8.2 km/h increase fuel consumption from 23.26  to 53.20 l/h when 

ballast mass was 500 kg. 

 

Figures 2, 3, 4 and 5 show when tillage speed increased slip of driving wheels increased, increasing 

tillage speed from 3.4 to 8.2 km/h increase slip from 11.70 % to 28.21 % when ballast mass was 200 

kg, increasing tillage speed from 3.4 to 8.2 km/h increase slip from 7.80 % to 18.81 % when ballast 

mass was 300 kg, increasing tillage speed from 3.4 to 8.2 km/h increase slip from 5.85 % to 14.11 % 

when ballast mass was 400 kg, increasing tillage speed from 3.4 to 8.2 km/h increase slip from 4.68 

% to 11.28 % when ballast mass was 200 kg 

 

.Conclusions 

The purpose of this research was to examine the impact on the fuel consumption and slip of four tillage 

speed of variations in tire inflation pressure and excess mass. The reduction in the inflation rate reduces 

slip and fuel usage as usual slip happens. The additional weight of the tractor reduces the slip of the 

driving wheel and raises fuel usage. Decreasing inflation pressure from 2.45 kg/cm2 to 1.02 kg/cm2 

caused driving wheel slippage to be reduced from 4.39% to 26.4%, usage of fuel was also reduced 

from 51.30 to 21.38 l/h. Adding extra weight, from 200 to 500 kg, caused slip of driving wheels to be 

reduced from 28.81% to 4.68% when consumption of fuel rose from 23.26 l/h to 53.20 l/h. In 
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conclusion, the ballast weight and pressure of tire reductions while ordinary slippage of the tractor 

wheels cause a negative impact on fuel consumption and sustaining the same slippage. The results of 

this study could offer supportive insights into a rational choice of the configuration of the tractor as 

well as actual control of driving wheel slip, to optimize tractor efficiency parameters, thus, saving time 

and decreasing the expenses of tillage. 
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