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ABSTRACT      
 

This study is based on a mathematical simulation and graphing 3-D  wireframe maps to 
detect the variation in traction performance under various engine, loading, and tyre working 
conditions. Tractive efficiency and fuel consumption are the indicators used in traction 
performance evaluation. Wireframe map represents the surface of variation of the testing 
indicator based on selected working conditions. Twenty engine operating points for John 
Deere 4055 - 110 horsepower tractor, were adopted from the related literature, and used for 
the purpose of this study. These operating points constitute a feasible range of tractor 
operating surface from which a corresponding surface of indicators will generate. Traction is 
applied under a combination of two loading levels; two tyre pressures. At each operating 
point, traction performance is computed, and indicators are predicted according to the 
specified working conditions. The outputs of all points form the required surfaces of 
variation. The comparison is then made between the operating points on the same surface 
and on different surfaces to select optimum conditions. 
 
ADDITIONAL INDEX WORDS: traction, tyre, engine, load, efficiency.  

 

INTRODUCTION 
 

 After the 73 oil embargo, reducing fossil fuel requirements of agricultural 
tractors during field operations has been one of the point of great concern 
in the United States and West Europe. Throughout the past three decades, 
they were able to achieve an outstanding progress of saving fossil fuel and 
innovating alternative sources of energy and developing non-conventional 
fuels other than fossil fuel. One of the resolutions for saving energy is to 
optimize the use of fuel in agricultural practices. Clark and Vande Linde 
(1993) (Coding Taylor's estimation (1980)), stated that in the U.S.A., for 
each 1% improvement in tractive efficiency, approximately 75 to 80 
million gallons of fuel could be saved annually!. This rate was most 
probably based on the number of working farm tractors and their engines 
power size. However, it is an astonishing rate of fuel saving from rising 
tractive efficiency by 1%. They originally developed a tractor mounted 
ballast system, and designed a hardware and software system for rapid 
static ballasting of tractors. This was to improve drawbar pull, reduce travel  
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reduction, and raise tractive efficiency or, save fuel according to Taylor's 
results (1980).  
 

On the other hand, Gomaa and Kabeel (1996) developed a set of twenty 
engine operating points for John Deere 4055 - 110 horsepower tractor, 
through the Gear up - Throttle down “GUTD” technique, where each point 
was evaluated between its input and output power. If the tractor operator 
understands the characteristics of the engine performance, it is possible for 
him to select engine speed and gear ratio combinations which will minimize 
the engine specific fuel consumption. However, this can be done through a 
continuous variable speed transmission system. If this is combined with an 
effort to improve tractive efficiency by varying loading level and/or tyre 
pressure, considerable gains in overall efficiency can be obtained, and 
translated to fuel savings. Al-Hamed et al. (2001) used Wismer and Luth 
pull and tractive efficiency estimation functions (1974) to determine traction 
coefficients under three fixed levels of tyre pressure. The equations 
coefficients have constant values associated with each tested tyre 
pressure. These coefficients were variably determined according to the 
specified working conditions using the formulae developed by Gomaa 
(2006). Finally the original coefficients of Al-Hamed et al. (2001) were 
replaced by the estimated ones to determine the related tractive efficiency 
to the applied conditions. Gomaa and Sabbah (2004) simulated the 
behavior of tyre motion resistance, work done in soil compression and soil-
tyre parameters. They derived functional relationships to simulate the effect 
of tyre pressure reduction on dynamic load as measured by Burt and Bailey 
(1982).  
 

The present study aims to benefit from Taylor's investigation (1980) in 
achieving fuel saving, by selecting the best engine operating point for best 
combination of loading and tyre pressure levels. Tractive efficiency and 
specific fuel consumption corroborate each other, and may have the same 
indication; but in different perception. Hence, fuel consumption rate is 
considered in this study as another indicator along with tractive efficiency 
for direct indication of fuel saving.  
 

METHODOLOGY 
1- Engine operating range 
The twenty engine operating points for John Deere 4055 - 110 horsepower 
tractor, developed by Gomaa and Kabeel (1996), were utilized in this study 
to establish a feasible tractor engine operating range (surface). They 
selected five levels of constant forward speed for plowing by chisel plow.  
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Each level was applied by four different combinations of gear number and 
throttle position, to maintain the same speed level constant as indicated in 
Table (1).  
 
2- Loading levels  
Gomaa and Kabeel (1996) conducted their traction experimentation under 
two different loading levels, by chiseling at 10, and 15 cm depth, of 
910.426, and 980.564 kPa penetration resistances respectively. These 
loading levels were taken in this study where, the exerted horizontal pull 
measured at the twenty engine operating points associated with 10 and 15 
cm depth is used in traction performance estimation of each point.  
 
3- Tyre pressure levels 
Gomaa and Sabbah (2004) used the experimental data from Burt and 
Bailey (1982), to simulate the percent of decrease in dynamic load 
associated with the applied decrease in tyre pressure by Al-Hamed et al. 
(2001). They deduced mathematical relationships which were used in the 
present study to simulate the variation in traction performance when tyre 
pressure decreased from 120 to 80 kPa. 
 
4- Algorithm of computer simulation program 
The program algorithm is based on the specifications and dimensions of 
John Deere 4055 - 110 horsepower tractor (80.96 kW), utilized by Gomaa 
and Kabeel (1996) where their measured DRAFT was subjected to the 
above mentioned loading levels conditions, and operating tyre pressure of 
125 kPa; which is approximately considered 120 kPa by Gomaa and 
Sabbah (2004) for simulation purpose (to be in accordance with tyre 
pressure condition of the utilized data). 
 
 Rear dynamic wheel load RDWL is determined in (kN) from tractor 
balance according to Zoz (1972). Dynamic load on single rear wheel DL is 
calculated as 50% of RDWL: 

 
2/RDWLDL =  

 
Since traction performance is simulated under 120, and 80 kPa tyre 
pressure, the decrease in dynamic load DL due tyre pressure decrease 
under constant net traction was determined as follows: 

 

)1(*12080 PERDLDL −=  
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Where, PER: is the percent of decrease in dynamic load, as simulated by 
Gomaa and Sabbah (2004).    
 
Net traction of single rear wheel NT is considered as 50% of the measured 
draft at each operating point: 

 
2/DRAFTNT =  

 
Then dynamic traction ratio DTR and tractive efficiency TE are determined 
from Al-Hamed et al. (2001) as follows: 

 

( ) CeADTR SB +−= 1 … (1) 
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Table (1): Tractor operating table obtained from five speed levels, each with its 
four “GUTD” combinations for John Deere 4055 - 110 horsepower tractor. 
(Gomaa and Kabeel (1996)). 

Operating 
Points 

number 

Speed 
Level 

GUTD 
Comb 

Selected
Gear  
No. 

Engine 
r.p.m. 

Total Reduction
Ratio 

(Nengine / Nwheels)

Theoretical 
Speed      
km/h 

Aver. 
Travel 
Speed  
km/h 

1 1 1 2 1940 214.84 2.866 2.818 
2 1 2 3 1600 182.27 2.786  
3 1 3 4 1250 141.57 2.803  
4 1 4 5 1070 122.84 2.817  
5 2 1 3 2140 182.27 3.800 3.826 
6 2 2 4 1700 141.57 3.812  
7 2 3 5 1485 122.84 3.837  
8 2 4 6 1315 108.27 3.855  
9 3 1 4 2180 141.57 4.798 4.820 

10 3 2 5 1865 122.84 4.819  
11 3 3 6 1655 108.27 4.852  
12 3 4 7 1425 93.98 4.813  
13 4 1 5 2210 122.84 5.711 5.730 
14 4 2 6 1950 108.27 5.717  
15 4 3 7 1700 93.98 5.742  
16 4 4 8 1520 83.87 5.753  
17 5 1 6 2280 108.27 6.685 6.700 
18 5 2 7 1980 93.98 6.688  
19 5 3 8 1770 83.87 6.699  
20 5 4 9 1540 72.82 6.713  
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Where, S slip, e base of natural logarithm, coefficients A, B, C, D, and E 
are as estimated by Gomaa (2006): 
 

    ,   75.0KA a=
   ,   ( )nb Cn3.0KB −=

 ⎟⎟
⎠
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 . ( )ne Cn3.0KE −=
 
Where, Ka, Kb, Kc, Kd, and Ke Factors of equivalence for coefficients A, B, 
        C, D, and E resp., under 120 or 80 kPa tyre pressure (Gomaa (2006)). 
        Cn: Dimensionless wheel numeric, ( DLd.w.CICn = (decimals)). 
        Cnn: Wheel numeric for working conditions of new value/s. 
        CI   :  Cone index or soil penetration resistance (kPa). 
        w   :  Unloaded tyre section width - (m). 
         d   :  Unloaded overall tyre diameter - (m). 
 
 These coefficients were determined as an average common value of the 4 
alternative operating points of each forward speed level (5 levels). They are 
predetermined from the average dynamic load calculated from the average 
of the measured draft range of the 4 points of each speed level.   
 
These coefficients identify the reduced or increased slip due to tyre 
pressure decrease or increase respectively. Slip S is determined by 
rewriting equ.(1) as a function of dynamic traction ratio DTR as follows: 
 

( )

B
A
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⎞⎜

⎝
⎛ −−

=  

 
Where,                                        DLNTDTR /=  
 
Actual speed Va is determined from average theoretical Vt given in Table 
(1): 

)1(* SVV ta −=  
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Drawbar power DBP is determined: 
 

6.3/)/(*)()( hkmVkNDRAFTkWDBP a=  
 
Fuel consumption rate FC is calculated from thermal efficiency �thrm, 
considering a transmission efficiency �trans of 85 %; an average thermal 
efficiency �thrm of 30 % for diesel engines, a heat value of 11000 kcal./ 
kgfuel, a conversion factor of 427 kg.m / kcal., and diesel fuel  density of 
0.82 kg / l. Knowing that thermal efficiency is :  

 

100*)/( FPBPthrm =η  
 
Where, BP and FP are brake and fuel power resp. Fuel power FP is 
calculated from fuel consumption rate FC, the last equation leads to the 
following form of brake power: 

 
2.3*)/()( hlFCkWBP =  

 
Where, 3.2 is a constant resulted from units conversion. Then FC is 
determined: 

 
)85.0*2.3*(/ TEDBPFC =  

 
and finally, specific fuel consumption SFC is determined: 
 

DBPFCSFC /=  
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Fig. (1): Forward speed operating surface and the operating point numbers of 
each speed. 

  
Fig. (1) Illustrates gear shift number, engine r.p.m., and forward speed, in 
3-D graph on x, y, and z-axis respectively. This is to show the tractor speed 
operating surface resulted from applying the Gear up-Throttle down 
“GUTD” technique. Twenty operating points generated from 4 “GUTD” 
practices in 5 levels of forward speed (2.818, 3.826, 4.82, 5.73, and 6.7 
km/h). Within one speed level, any move from one point of a specific gear 
number and engine r.p.m., to another one of higher gear number (Gear up) 
and lower r.p.m. (Throttle down), will produce the same speed but 
associated with less power. The operating surface would have a different 
shape if the number of operating points changes. (Operating points depend  
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on number of forward speed levels, and number of “GUTD” combinations 
specified for each speed).  
 
A) Simulated traction under 1st loading level (Chiseling at 10 cm 
depth). 
The designated point numbers of the different graphing described in the 
following discussion, is corresponding to the above operating point 
numbers indicated in Table (1) to produce the five specified forward 
speeds, as illustrated in Fig.(1). 

0.38097

0.30071

0.20962 0.116652

0.45873

0.43402
0.36243

0.22432

0.48956
0.47122

0.39142
0.30839

0.51133 0.49888 0.48225 0.46153

0.52695 0.51939 0.50838 0.49555

 
Fig.(2): Tractive Efficiency surface for chiseling at 10 cm depth and 120 kPa tyre 

pressure.  
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1. Best selection between engine operating points on the same 
surface: 
Figs.(2&3) show the tractive efficiency and fuel consumption surfaces for 
chiseling at 10 cm depth and 120 kPa tyre pressure. The selection is 
generally made on the basis that all efficiency points’ values<50% are 
disregarded. Reasonable values of efficiency are: 0.52695, 0.51939, and 
0.50838 were associated with the operating points 17, 18, & 19 resp. of the 
highest speed 6.7 km/h, in addition to the value 0.51133 associated with 
point number 13 of the lower speed 5.73 km/h. Although point 17 is of max. 
efficiency 0.52695 (min. specific fuel consumption 0.69769 l/kW.h), but also 
is of max. fuel consumption 12.94822 l/h, since it is the point of highest 
throttle and lowest gear within the alternatives of the highest speed 6.7 
km/h. Point 13 may be of less efficiency 0.51133 (more specific fuel 
consumption 0.71901 l/kW.h), but of min. fuel consumption rate 10.13955 
l/h, among the points of tractive efficiency≥50%.  
 
To select the best starting point, the decision could be for either one of 
point 17 or 13. If point 17 is chosen while tractor was working at point 13, 
the shift from 13 to 17 will produce an efficiency gain, expressed by a 
higher traction performance, in addition to a higher productivity (field 
capacity fed/h) due to increasing speed, but against a loss or sacrificed fuel 
consumption:   
Efficiency gain = 0.52695 - 0.51133 = 0.01562 or 1.562 %   ……… (1) 
Sacrificed fuel cons. = 12.94822 - 10.13955 = 2.80867 l/h   ……… (2) 
If the shift was reversed, from point 17 to 13 a similar amount of the above 
fuel sacrifice 2.80867 l/h will be saved, against an efficiency loss or 
sacrifice of 1.562 % (equal to the above efficiency gain), expressed by less 
traction performance (more slip and motion resistance), and less 
productivity due to decreasing working speed. 
Efficiency loss = 0.52695 - 0.51133 = 0.01562 or 1.562 %   ……… (1’) 
Fuel consumption save = 12.94822 - 10.13955 = 2.80867 l/h   ……… (2’) 
 
2. Efficiency gain from reducing tyre pressure (Difference betn 2 
surfaces): 
The same traction performance is simulated under a decreased tyre 
pressure 80 kPa. Fig.(4) shows a higher surface of tractive efficiency due to 
decreased tyre pressure. The operating points of satisfactory values and 
maximum efficiency point, are the same of those of tractive efficiency 
surface at 120 kPa of Fig.(2). So are the operating points on the lower fuel 
consumption surface shown by Fig.(5). Hence, it is advisable to keep on 
working on the same point after reducing tyre pressure. 
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If point 17 is the best applied working point; it is selected as the same best 
working point after reducing tyre pressure. Efficiency gain from this 
reduction is determined from the difference between both efficiency 
surfaces of different tyre pressure (Figs.(2&4)) at their optimum points, 
(point 17 on both surfaces), as follows: 
 
0.6182 - 0.52695 = 0.09125 or 9.125 %   ……… (3) 
If point 13 was selected, efficiency gain will similarly be determined from 
Figs.(2&4): 
0.5884 - 0.51133 = 0.07707 or 7.707 %   ……… (4) 
 
3. Fuel save from reducing tyre pressure (Diff. betn 2 surfaces): 
Similarly, the associated save in fuel consumption with reducing tyre 
pressure is determined from the difference between the optimum points of 
both fuel consumption surfaces of different tyre pressure. Fuel save from 
using point 17 or point 13 on both surfaces of Figs.(3&5)), is determined 
respectively as follows: 

4.39432 4.97339 6.40643
6.8494766

5.84517
5.62169 6.08667

8.24485

7.89789
7.55909 7.41538 8.35618

10.13955 9.70433 9.26502 8.85699

12.94822
12.39042 11.8084 11.30388

 
Fig.(3): Fuel consumption surface for chiseling at 10 cm depth  
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12.94822 - 11.40225 = 1.54597 l/h   ……… (5) 
10.13955 - 9.07296 = 1.06659 l/h   ……… (6) 
Based on the above selected alternatives, two operating paths 13-17-17 
and  17-13-13 could be defined from Table (2): 
 
Table (2): Best paths, working conditions of each operating point and 
the related figure number illustrating its efficiency and fuel surfaces.   
 

Point number Fig. number 
Path 1 Path 2 

Loading
level 

Tyre 
pressure Efficiency Fuel 

13 17 1st 120 kPa 2   3 
17 13 1st 120 kPa 2   3 
17 13 1st 80 kPa 4   5 
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0.43916 0.39867 0.34316

0.54742
0.51362

0.41097 0.37515

0.5884 0.56637 0.53639 0.49763

0.6182
0.60453 0.58504 0.56227

 
Fig.(4): Tractive Efficiency surface for chiseling at 10 cm depth 

 and 80 kPa tyre pressure. 
 
4. Resultant efficiency gain from varying engine and tyre operating 
conditions: 
Path 13-17-17:  
  result (1) + result (3) 
 1.562 + 9.125 = 10.687%   ……… (7) 
Path 17-13-13: 
- result (1’) + result (4) 
- 1.562 + 7.707 = 6.145%   ……… (8) 
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5. Resultant fuel save or sacrifice by varying engine & tyre operating 
conditions:  
Path 13-17-17:  
- result (2) + result (5) 
- 2.80867 + 1.54597 = - 1.2627 l/h (sacrifice) ……… (9) 
Path 17-13-13:  
result (2’) + result (6) 
2.80867 + 1.06659 = 3.87526 l/h (save) ……… (10) 
Farm tractor is supposed to spend about 40 % of its yearly working hours 
(1000 h), in heavy load field operations; the rest (600 h) is used in light 
loads operations. Heavy load is represented by primary tillage (breaking-up 
and inverting soil); in addition to some operations in which PTO shaft must 
run at the exact 540 or 1000 r.p.m. These functions must be done at full 
throttle position. Chisel plow is used in cultivation and secondary tillage 
which are of light load operations (such as planting, weed control for row-
crop cultivation, and transportation). They may be done through “GUTD” 
technique, which is the base of the above applied operating surface. 
 
EVALUATION OF THE ALTERNATIVE PATHS 13-17-17 AND 17-13-13: 
So, considering 600 hours per year of tractor light load operations, their 
evaluation from the side of tractive efficiency and fuel consumption is as 
follows: 
 
Path 13-17-17:  
Rate of sacrificed fuel for each 1% improvement in tractive efficiency: 
result (9) / result (7) 
- 1.2627 l/h / 10.687%      = - 0.11815 l/h. 
- 0.11815 l/h * 600 h/year = - 70.89 l/year. 
- 70.89 l/year * 0.80 LE/l   = - 56.713 LE/year or - 4.726 LE/month.  
 
Knowing that the utilized chisel plow is of 2 - rows, 7 tines - 25 cm spacing, 
computed slip value at point 17 under 80 kPa tyre pressure is 0.063144, 
and average theoretical travel speed at the same point is 6.7 km/h. So, 
assuming a field efficiency of 75 %, the expected actual tractor productivity 
at the end of the present path is: 
 
(6.7 * (1-0.063144) * 1.75 / 4.2) * 0.75 = 1.96154 fed/h. 
Sacrificed cost per feddan for each 1% of efficiency improvement: 
- 0.11815 * 0.80 / 1.96154 = - 0.0482 LE/fed. 
For the utilized tractor, for each 1% improvement in tractive efficiency, the 
yearly rate of sacrificed fuel, related cost, and related cost per feddan are 
extremely tiny and negligible. If a set of tractors are working in the farm to  
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perform the same task under the same operating conditions (path 13-17-
17), their total sacrificed fuel can be neglected against their resultant of 
high productivity and traction performance. 

4.01426
3.91789

3.88305 3.94105

5.62376
5.68744 5.41168 5.27831

7.25329
7.11326 6.90352 6.72146

9.07296 8.79005 8.55446 8.42534

11.40225
10.98156 10.56876 10.24745

 
Fig.(5): Fuel consumption surface for chiseling at 10 cm depth 

 and 80 kPa tyre pressure.  
 
Path 17-13-13:  
Rate of fuel save for each 1% improvement in tractive efficiency: 
result (10) / result (8) 
3.87526 l/h / 6.145%         = 0.63064 l/h 
0.63064 l/h * 600 h/year    = 378.384 l/year 
378.384 l/year * 0.80 LE/l = 302.707 LE/year or 25.226 LE/month. 
 
Computed slip value at point 13 under 80 kPa tyre pressure is 0.050134, 
and average theoretical travel speed at the same point is 5.73 km/h. the 
expected actual tractor productivity at the end of the present path is: 
 
(5.73 * (1-0.050134) * 1.75 / 4.2) * 0.75 = 1.7 fed/h. 
Saved cost per feddan for each 1% of efficiency improvement: 
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0.63064 * 0.8 / 1.7 = 0.29677 LE/fed. 
The yearly rate of saved fuel, and related cost, cannot be ignored for the 
utilized tractor. So, if a set of tractors are working in the farm under the 
same loading level, and operating conditions (path 17-13-13), their total 
saved fuel and cost for each 1% improvement in tractive efficiency, will be 
significant against their less productivity and traction performance. 
However, either one of the above paths can be selected up to the required 
compromise.   
 
If the nature of the field task is of the light load (traction performance 
remains under 1st loading level), one must search an engine operating point 
which compromise between tractive efficiency and fuel consumption; then 
reduce tyre pressure level as previously demonstrated through calculation 
steps 1 to 5. If the field task demands operating the tractor under higher 
loading level, the following discussion will cover the probable cases of 
traction performance under such condition.  
 
B) Simulated traction under 2nd loading level (Chiseling at 15 cm 
depth). 
Traction performance was simulated under higher loading level, (chiseling 
depth 15 cm) under both of the same tyre pressure levels. If the tractor is 
started working directly under the 2nd loading level, the above calculation 
steps under the 1st loading level could similarly be applied to the 2nd loading 
level to detect efficiency gain or loss and fuel save or sacrifice. 
 
Fig.(6) illustrates that operating the tractor under the 2nd loading level has 
generally raised the resulted tractive efficiency surface, and revealed a 
different operating point of maximum efficiency. Point 17 of maximum 
tractive efficiency 0.52695 at 6.7 km/h speed under 1st loading level and 
120 kPa tyre pressure (Fig.(2)), moved to become point 6 of the maximum 
value 0.5513 at 3.826 km/h speed on the resulted tractive efficiency 
surface under 2nd loading level and same tyre pressure 120 kPa (Fig.(6)); 
while point 4 is of less efficiency 0.53279 on the same surface, but of 
minimum fuel consumption 5.24195 l/h at 2.818 km/h speed on the fuel 
surface under the same loading level and tyre pressure. When tyre 
pressure is reduced to 80 kPa under 2nd loading level, the point of 
maximum efficiency moved again to become point 5 of the value 0.65249 
on the new efficiency surface, at the same 3.826 km/h speed (Fig.(8)), 
while point 4 of less efficiency 0.62179 on the same surface, is still of 
minimum fuel consumption 4.63007 l/h at 2.818 km/h speed on fuel surface 
under the same conditions (Fig.(9)). 
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If the tractor is working under 1st loading level and the required field task 
demands operating the tractor under higher loading level for better field 
operation quality, and higher field efficiency; operating conditions are 
proceeded and shifted from the 1st to the 2nd loading level, under the same 
tyre pressure 120 kPa first, then under reduced tyre pressure 80 kPa for 
better efficiency and fuel results. 

0.5444

0.5421

0.5387

0.5328

0.5510

0.5513 0.5508 0.5491

0.5445

0.5469 0.5485 0.5489

0.5340 0.5400 0.5439 0.5461

0.5274 0.5327

0.5376 0.5426

 
Fig.(6): Tractive Efficiency surface for chiseling at 15 cm depth 

and 120 kPa tyre pressure. 
 
So, one of two paths could be selected, the path of higher efficiency gain 
13-17-6-5 or higher fuel save 17-13-4-4. Both are passing from 1st to 2nd 
loading level, where tyre pressure is reduced from 120 to 80 kPa under 2nd 
loading level as indicated in Table (3)     
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Table (3): Best paths, working conditions of each operating point and the 
related figure number illustrating its efficiency and fuel surfaces.   
 

Point number Fig. number 
Path 1 Path 2 

Loading
level 

Tyre 
pressure Efficiency Fuel 

13 17 1st 120 kPa 2   3 
17 13 1st 120 kPa 2   3 
6 4 2nd 120 kPa 6   7 
5 4 2nd 80 kPa 8   9 

 
1. Efficiency gain from raising loading level under same tyre pressure 
120 kPa (Difference betn 2 surfaces): 
Efficiency gain from raising loading level is determined from the difference, 
between optimum points 17 and 6 in the path 13-17-6-5 on both efficiency 
surfaces associated with 1st and 2nd loading level resp., under the same 
tyre pressure 120 kPa (Figs.(2&6)): 
 
0.5513 - 0.52695 = 0.02435 or 2.435 %   ……… (11)      
Efficiency gain between points 13 and 4 on the same surfaces in the path 
17-13-4-4: 
 
0.53279 - 0.51133 = 0.02146 or 2.146 %   ……… (12)   
 
2. Fuel consumption save from raising loading level under same tyre 
pressure 120 kPa (Difference betn 2 surfaces): 
The associated save in fuel consumption with the last efficiency gain from 
raising loading level, is determined from the difference between the 
optimum points 17 and 6 in the path 13-17-6-5 on both fuel consumption 
surfaces of different loading levels (Figs. (3&7)), as follows: 
 
12.94822 - 8.21434 = 4.734 l/h   ……… (13) 
And the difference between points 13 and 4 on the same surfaces in path 
17-13-4-4: 
 
10.13955 - 5.24195 = 4.8976 l/h   ……… (14) 
The last efficiency gain (result (11)) is less than which obtained from 
efficiency gain by reducing tyre pressure under the same 1st loading level 
(result (4)), but the chance is still available to improve result (11) by 
reducing tyre pressure as long as traction performance is continued under 
the 2nd loading level.   
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3. Efficiency gain from reducing tyre pressure (Difference betn 2 
surfaces): 
Traction performance under 2nd loading level is simulated at a decreased 
tyre pressure 80 kPa. Maximum efficiency, moved from point 6 (0.5513) on 
efficiency surface of the 2nd loading level at 120 kPa tyre pressure (Fig.(6)), 
to become at point 5 (0.65249) on the efficiency surface of the 2nd loading 
level at 80 kPa tyre pressure (Fig.(8)). So the efficiency gain from this tyre 
pressure reduction through the path 13-17-6-5 is: 
 
0.65249 - 0.5513 = 0.10119 or 10.119 %.   ……… (15) 
While through the path 17-13-4-4 between points 13 and 4 on the same 
surfaces is: 
 
0.62179 - 0.53279 = 0.089 or 8.9 %   ……… (16) 
 
4. Fuel consumption save from reducing tyre pressure (Diff. betn 2 
surfaces): 
The associated save in fuel consumption with reducing tyre pressure is 
determined from the difference between the optimum points of both fuel 
consumption surfaces of different tyre pressure under 2nd loading level 
(points 6 and 5 in the path 13-17-6-5 on surfaces of 120 and 80 kPa in 
Figs.(7&9) resp.) 
 
8.21434 - 7.37948 = 0.83486 l/h   ……… (17) 
The difference between points 13 and 4 on the same surfaces in path 17-
13-4-4 is: 
 
5.24195 - 4.63007 = 0.61188 l/h   ……… (18) 
 
5. Resultant efficiency gain from varying engine operating point, 
raising loading level, and reducing tyre pressure:  
Path 13-17-6-5 
result (1) + result (11) + result (15) 
1.562 + 2.435 + 10.119 = 14.116 % ……… (19) 
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14.2696 13.7951 13.35158 12.96479

17.09175
16.70932 16.26881 15.63004

 
Fig.(7): Fuel consumption surface for chiseling at 15 cm depth  

 and 120 kPa tyre pressure. 
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0.63725

0.6325
0.62179

0.65249

0.65112 0.64878 0.64421

0.65016
0.65144 0.65138 0.65023

0.64148 0.64704 0.64987 0.65064

0.63519 0.64077 0.64537 0.6495

 
Fig.(8): Tractive Efficiency surface for chiseling at 15 cm depth 

 and 80 kPa tyre pressure.  
 
Path 17-13-4-4 
- result (1’) + result (12) + result (16) 
- 1.562 + 2.146 + 8.9 = 9.484 %   ……… (20)    
 
6. Resultant fuel consumption save from varying engine operating 
point, raising loading level, and reducing tyre pressure:     
Path 13-17-6-5: 
- result (2) + result (13) + result (17) 
- 2.80867 + 4.734 + 0.83486 = 2.76019 l/h ……… (21) 
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Path 17-13-4-4 
result (2’) + result (14) + result (18) 
2.80867 + 4.8976 + 0.61188 = 8.31815 l/h   ……… (22) 

5.09486
4.95545

4.79825 4.63007

7.37948
7.20871 7.04124 6.8267

9.88068
9.64063 9.35359 9.14319

12.40887 12.01179 11.64226 11.32142

14.84129 14.52036 14.15194 13.62003

Fig.(9): Fuel consumption surface for chiseling at 15 cm depth 
 and 80 kPa tyre pressure. 

 
EVALUATION OF THE ALTERNATIVE PATHS 13-17-6-5 AND 17-13-4-4: 
 
Path 13-17-6-5 
Rate of saved fuel for each 1% improvement in tractive efficiency: 
result (21) / result (19) 
2.76019 l/h / 14.116 %       = 0.195536 l/h 
0.195536 l/h * 600 h/year   = 117.3217 l/year. 
117.3217 l/year * 0.80 LE/l = 93.8574 LE/year or 7.82 LE/month. 
 
Computed slip value at point 5 under 80 kPa tyre pressure is 0.087806, and 
average theoretical travel speed at the same point is 3.826 km/h. the 
expected actual tractor productivity at the end of the present path is:   
 
(3.826 * (1-0.087806) * 1.75 / 4.2) * 0.75 = 1.0906 fed/h 
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Saved cost per feddan for each 1% of efficiency improvement: 
0.195536 * 0.8 / 1.0906 = 0.143434 LE/fed.  
 
Path 17-13-4-4 
Rate of saved fuel for each 1% improvement in tractive efficiency: 
result (22) / result (20) 
8.31815 l/h / 9.484 %   = 0.877 l/h 
0.877 l/h * 600 h/year   = 526.243 l/year    
526.243 l/year * 0.80    = 420.994 LE/ year 
 
Computed slip value at point 4 under 80 kPa tyre pressure is 0.056973, and 
average theoretical travel speed at the same point is 2.818 km/h. The 
expected actual tractor productivity at the end of the present path is: 
 
(2.818 * (1-0.056973) * 1.75 / 4.2) * 0.75 = 0.83 fed/h 
Saved cost per feddan for each 1% of efficiency improvement: 
0.877 * 0.8 / 0.83 = 0.845 LE/fed 
  
The results showed that both paths, don't imply any efficiency loss or fuel 
sacrifice. The 1st path is of higher efficiency gain, the 2nd is of higher fuel 
save. For the utilized tractor, for each 1% of efficiency improvement in the 
path 13-17-6-5, the yearly rate of fuel save 117.3217 l/year, and the related 
saved cost 93.8574 LE/year, are significantly less than those of the path 
17-13-4-4: 526.243 l/year and 420.994 LE/ year; while the difference 
between them in the progressed productivity and traction performance is 
insignificant. If a set of tractors are working in the farm to perform the same 
task, it is advisable to orientate their performance through the 2nd path 17-
13-4-4. However, It could be noticed that one can deduce 80 operating 
paths from the twenty operating points under two loading and two tyre 
pressure levels. The selection may satisfy either of the following benefits 
without the others: most efficient performance or maximum amount of fuel 
saved or maximum productivity; or compromise between them up to user 
objectives, requirements, and priorities. 
 

CONCLUSION 
 
 An operating surface (3D-map) is graphed and used to illustrate the 
variation in farm tractor performance. Traction performance is simulated 
under two loading levels and two tyre pressure levels. The surfaces of 
tractive efficiency and fuel consumption rate are the main indicators to 
express this variation. The surface is originated from a definite range of 
operating forward speed (5 levels), each speed was applied though 4  
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alternatives of different engine operating points, by means of the Gear up - 
Throttle down technique which resulting in 20 different operating points. 
Selection of best points produces the best paths to satisfy max efficiency 
gain or max fuel save, or to compromise between both of them. One case, 
when the selected path include a  shift from an operating point to another 
better one on the same loading level and tire pressure surface, then to 
another better point on a reduced tyre pressure surface under the same 
loading level, up to the field task requirements; such as the path 17-13-13, 
which attained 378.384 l/year of fuel save from simply 1% improvement in 
tractive efficiency, corresponding to an amount of 302.707 LE/year of 
saved costs by the utilized tractor. Another case, when the selected path 
include a shift from an operating point to another better one on the same 
loading level and tire pressure surface, then to another better point on a 
higher loading level surface, then to another better point on a reduced tyre 
pressure surface under the last higher loading level, up to the field task 
requirements; such as the path 17-13-4-4 which attained 526.243 l/year of 
fuel save from simply 1% improvement in tractive efficiency, corresponding 
to an amount of 420.994 LE/year of saved costs by the utilized tractor. The 
more the improvement in tractive efficiency is achieved, the more the fuel 
or fuel cost is saved from the same tractor, or from the same number of 
working tractors in the farm. 
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 الملخص العربى
   مختلفة ظروف تشغيلجر تحت تأثيرلل  أداءأفضلب تنبوءلأ

*أحمد السيد جمعة  
جامعة -)سابا باشا(آلية الزراعة -)الهندسة الزراعية(قسم الأراضي والكيمياء الزراعية

 الإسكندرية
  

 . فѧѧي توضѧѧيح التغيѧѧر فѧѧي أداء الجѧѧرار الزراعѧѧيهماسѧѧتخدلا ألتنبѧѧوئى  لѧѧسطح التѧѧشغيليالبيѧѧانتѧѧم التمثيѧѧل 
 يمكѧن و ، لعѧشرون نقطѧة تѧشغيل للمحѧرك    الأبعѧاد ثلاثيѧة   ، متبѧاين  طبѧوغرافي  ذات سѧطح وهو بمثابة خريطة  (

امج  برنѧѧبواسѧѧطة الجѧѧر أداءولقѧѧد تѧѧم محاآѧѧاة ).  لبيѧѧان معѧѧدل اسѧѧتهلاك الوقѧѧود أوالجѧѧر لبيѧѧان آفѧѧاءة مهااسѧѧتخد
 الأساسѧѧيانالمؤشѧѧران .  مѧѧستويين للتحميѧѧل ومѧѧستويين لѧѧضغط هѧѧواء عجѧѧل الجѧѧر  تѧѧأثير تحѧѧت الآلѧѧيللحاسѧѧب 

 . من خلال سطحي التغير لكل منهما       بيان هذا التغير هما آفاءة الجر ومعدل استهلاك الوقود         فيالمستخدمان  
 حيѧث تتحقѧق     )مѧستويات خمѧس   (  لسطح التشغيل يعتمد على مѧدى محѧدد لѧسرعات التѧشغيل            يساسلأالتكوين ا 

هѧذا الغѧرض بطريقѧة رفѧع التѧرس و           فѧي    ويѧستعان    ، بدائل لنقѧاط تѧشغيل المحѧرك       أربعةآل سرعة من خلال     
 النقѧاط   أفѧضل ار  يѧ اخت. ن ما يѧسمى بѧسطح التѧشغيل       وّتكمما ينتج عشرون نقطة تشغيل مختلفة        خفض الوقود، 

 تѧوازن بѧين     أفѧضل  أو ، وفѧر للوقѧود    أقѧصى  أو ، آفѧاءة الجѧر    فѧي  مكسب   أقصى المسارات لتحقيق    أفضلينتج  
 إلѧى شتمل المѧسار علѧى الانتقѧال مѧن نقطѧة تѧشغيل       يѧ  عنѧدما  الأولѧى  مثلا هناك حالتين لتوضيح ذلك، ف .الاثنين
 الأول و المѧѧѧستوى )المѧѧѧنخفض( الأول علѧѧѧى نفѧѧѧس سѧѧѧطح التѧѧѧشغيل لمѧѧѧستوى التحميѧѧѧل  أفѧѧѧضل أخѧѧѧرىنقطѧѧѧة 

 علѧѧѧى سѧѧѧطح تѧѧѧشغيل المѧѧѧستوى   أفѧѧѧضل أخѧѧѧرىنقطѧѧѧة  إلѧѧѧىثѧѧѧم الانتقѧѧѧال    العجѧѧѧل، هѧѧѧواء لѧѧѧضغط)المرتفѧѧѧع(
فقѧѧا لاحتياجѧѧات العمѧѧل و) المѧѧنخفض( لѧѧضغط العجѧѧل تحѧѧت نفѧѧس المѧѧستوى الأول للتحميѧѧل )المѧѧنخفض(الثѧѧاني
 حقѧѧѧق وفѧѧѧر مقѧѧѧداره الѧѧѧذي 13-13-17سار  يمثلهѧѧѧا علѧѧѧى سѧѧѧبيل المثѧѧѧال المѧѧѧالحالѧѧѧةهѧѧѧذه  . المطلѧѧѧوبالحقلѧѧѧي

 آفѧاءة   فѧي  ارتفѧاع    أو تحѧسين    ن مجѧرد   مѧ  ةسѧن /نيѧه ج 302.707 من الوقѧود بمѧا يѧوازى         نةس/لتر 378.384
  . فقط للجرار المستخدم %1الجر بمقدار 

 علѧى نفѧس سѧطح    أفѧضل  أخѧرى  نقطѧة  إلѧى  عنѧد يѧشتمل المѧسار علѧى الانتقѧال مѧن نقطѧة تѧشغيل             الثانية الحالة
  تقال  العجل ثم الان هواءلضغط )المرتفع (الأولو المستوى  )المنخفض (الأولالتشغيل لمستوى التحميل 

  
 نقطѧة   إلѧى  الانتقѧال    أخيѧرا ثѧم   ) المرتفѧع ( للتحميѧل    الثѧاني  على سѧطح تѧشغيل المѧستوى         أفضل أخرى نقطة   إلى

لѧѧضغط هѧѧواء العجѧѧل تحѧѧت نفѧѧس المѧѧستوى   )المѧѧنخفض (الثѧѧانيتѧѧشغيل المѧѧستوى  علѧѧى سѧѧطح أفѧѧضل أخѧѧرى
يمثلهѧا علѧى سѧبيل المثѧال       الحالѧة و هѧذه    .  المطلѧوب  الحقلѧي   العمѧل  للتحميل وفقا لاحتياجѧات   ) المرتفع (الأخير

سѧѧنه مѧѧن الوقѧѧود بمѧѧا يѧѧوازى وفѧѧر مقѧѧداره    /لتѧѧر 526.243 حقѧѧق وفѧѧر مقѧѧداره  الѧѧذي 4-4-13-17المѧѧسار 
و  . فقѧط للجѧرار المѧستخدم   %1 آفѧاءة الجѧر بمقѧدار       فѧي  ارتفѧاع    أو تحѧسين    من مجѧرد  سنه  /جنيه 420.994

 خرةدّالمѧ  ارتفعѧت القيمѧة   أو خرةدّالموقود  الجر آلما ارتفعت آميه الآفاءة في التحسن أوآلما ارتفع المكسب  
  . تعمل بالمزرعةالتيت ا لنفس عدد الجرار أو الجرار لنفسمن تكلفة الوقود
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