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TRACTOR FUEL CONSUMPTION PER UNIT AREA AS
RELATED TO TRACTORENGINE SPEED, FORWARD

SPEED AND PLOWING DEPTH

S. H Aday* S. A. Najim** M. S. Hmood*

ABSTRACT
Fuel consumption per unit area (F") which means ihe number of

kilograms or litters of fuel required to plow an area of hectare (t0000m2)
or donum (2500m2) of soil is widely used as parameter to evaluate the fuel
consumption in the field in order to determine the quantity of the fuel
required to plow a certain area of soil and hence the cost of the required
fueI.

To evaluate this parameter, Zetor tractor (6901), was used to carry
out the experiments. The tractor was provided with four cylinders engine.
The engine stroke and cylinder bore are 110 and l02mm respectively.
Engine compression ratio is 17:1 and the fuel injection pump was of inJine
type. The experiment parameters used to carry out the tests were engine
speeds of 1250,1500,1750 and 2000rpm, forward speeds of G31 , Ga1, G11

and G55 (four forward speeds for each engine speed) and three plowing
depths (10,15 and 20 cm) to load the tractor engine.

Results showed that the engine speed of 1500 rpm ggve the lowest
fuel consumption per unit area (Fr), i,e. as Fr is lower as the tractor
performance is better, less fuel consumption per unit area, while the
engine speed of 1750rpm became second. The highest engine speed
(2000rpm) had lower F" than the lowest engine speed (1250 rpm),
thereupon the tractor should be used at higher engine speed rather than
lower speed for greater fuel saving and therefore lower cost. The highest
tractor forward speed for each engine speed and shallow plowing depth
(10cm) gave the lowest Fa. The addition of 300kg to the tractor driving
wheels improved the fuel consumption per unit area; it reduced Fa further
for all engine speeds, tractor forward speeds and plowing depth. However,
the lowest Fa (9.5kg/ha) was recorded with engine speed of 1500rpm,
highest forward speed (0.85 m/sec), this forward speed was obtained with
engine speed of l500rpm and gear ratio of G51, plowing depth 10cm and
the added weight of 300kg. This combination of parameters would save
about 617o from the total fuel consumption and cost requirement of
plowing one hectare compared with the combination parameters of the
slowest engine speed (1250 rpm), lowest forward speed (0.32 m/sec),
deepest plowing deptb and without addition of300kg to the tractor driving
wheels.

* College of Agric - Basrah Univ. - Basrah, Iraq.
**College ofEngnaer- Basrah Univ, - Basrah, Iraq.

Received:Dec./2002
Accepted:Sept,/2fi)6



Tractor fuel consumption per ...

INTRODUCTION
The fuel consumption per unit area (F,) (kg/ha) is a parameter

widely used to determ-ine the fuel consumption to plow a certain area of
land (hectare=10000m2 or denim=2500m2;.^The fuel consumption per unit
area depends on the tractor engine characteristics such as engine speed,
compression ratio, engine stroke and cylinder bore (1,3 and 6). ln addition,
the tractor forward speed and the implement width parameters are both
regarded as the most.effective parpmeters on F" (2,g). The higher trpctor
forward speed and wider implement width produce a greater plowed area
in a unit time and they lowered fuel consumption compared with slower
forward speed and narrower implement width. The engine speed and the
plowing depth have a limited effect on Fu compared with previous
parameters; their effect on Fu is through the tractor forward speed. The
soil type , however, has an indirect effect on Fa, in the hard and wet healy
soils the draft force of the tractor is high causing sever tractor wheel slip,
which resulted in lower tractor forward speed and therefore, smaller
plowed area which resulted in higher F" (4).

This work was conducted to study the effect of the tractor forward
speeds, the tractor engine speeds, the plowing depths and the added weight
to the tractor driving wheels on Fa and to determine the best combination
of the previous factors that gives the lowest Fa and lowest fuel cost.
The experiments were conducted gsing four engine speeds 1250,1500,1750
and 2000rpm, four tractor forward speeds lfoui geai ratios; G31,, Ga6, G11
a1d G56 three plowing depthsl0, 15 and 20cm and weight of 300kg was
added to the tractor rear wheels (traction wheels).

MATERIALS AND METHODS
Zetor tractor 6901

Zetor tractor 6901 is used in this work. The tractor is provided with
diesel engine of four cylinders and four strokes. The stroke and bore are
110 and 102mm respectively. Engine compression ratio is 17:1. The fuel
injection pump is of InJine type. The brake power of the engine is 4gkW
(6a.5hp) at engine speed of 2200rpm. The tractor box is ofl sliding type
which can give five slow and five high forward speeds. The tractoi total
y_elglt is 26.2kN (2730kg). The rear and the front wheels carry weight of
17.26kI\ (760kg) and 9.5IkN (970kg) respectivety. The rear and the front
wheels provided with extra weight of 3.09kN (3l5kg) and l.SkN (l60kg)
respectively. The size of the rear aiid the front wheels are 16114-2g and 16-
7.50 respectively.
Moldbroard plow

A moldboard plow of three bodies was used to conduct the
experiments. The bodies are of deep-rtigger type, The working width of the
plow is 1.05m. The plow was not provided with skim coulters.
The fuel consumption measurement system

The system consists of a fuet tank with three liters capacity, valve
and a graduated cylinder (Figurel). The valve was fixed at its base and
connected to the graduated cylinder by plastic tube. The cylinder capacity
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is 100 ml and its end connected to the tractor fuel injection pump by
plastic tube. The pipes of the excess fuel from the injection pump and the
injector are connected to the graduated cylinder at the upper end.

l'Sqel t&I 2- Valu! f- Srddtut€d cylinder' 4, ttltsdr iube

5' Pu€l iojldion trlfit 6- Fiitt. 7' irrjoctors

8'Tub€ ofcxcrs6 flr.l lrom injcctorl

9. Tub6 of&EErs &cl fto.tr injGction purnp.

Figure 1: Fuel measurement system.

The tractor theoretical forward speed
The tractor theoretical forward speeds were measured on a hard

level roatl. The forward speeds were Grt, Grt, G1l and G56' These forward

speeds were measured foi each engine speeds, which are 1250, 1500' 1750

und 2000.p.. The engine speed bf the traqtor was fixed on one of the

selected speeds using the hand control lever. The tractor gear box was

engaged on one of the chosen gears. The tractor was then left to move a

Oistance of 5m to approach the top forward speed and then another 15m'

Twomarkswereusedatthebeginningandtheendofthel5mdistance.
The time taken to move the distance of 15 m was recorded' The

measurements were repeated three times for each forward speed' The

forward speed was calculated as follorvs:

w=p!
t

Where: Vt= theoreticat forward speed (m/sec)

Dt= distance moved by the tractor (15m0)

t = time taken to move Dt (sec)

The tractor forward speeds are shown in table (1)'
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Tablel: theoretical forward
surface

speeds of the tractor under test on a hard

The measurements of tractor fuel consumption and actual forward
speed

The moldboard plow was attached to MF tractor (Massy Ferguson).MF tractor-mordboard prow combination was towed by the zetor tractor.A hydraulic dynamometer for measuring the draft force of the tractor wasattached to the drawbar ofthe zetor trictor, A flexibre cabre was attached
to th_e far cnd of th'e hydraulic dynamometer and ro the fr;rt;i;;ifi,:
moldboard plow combination. The experiments were conducted by fixingthe tractor engine speetl on one of the speeds chosen in the expeiimenti(ex. 1250rpm) then the gear of the towing tractor (Zetor) *r, .ngrg"d ,none of the gears that mentioned previously. The moldboarA froi waslowered dawn using the MF traciors hydraulic system and the Zetor
tractor was left to move forward to ret the plow penetrate the soil to the
one of the plowing depth chosen to fulfill the expeiiments (i.e. l0cm). The
Zetor tractor was left to move 5m forward to approach the maximum
forward speed. The measurements, which includes the draft force of thetractor, the time taken to move the distance of l5m and the fuel
consumption were taken by putting a sign on the land at the beginning and
the end of the distance of l5m. The fuel consumption ,oa, .:eco.dit Uy
reading the fuel lever in the graduated cyrinder at the heginning and thl
end of the distance of 15m. The fuer consumetl to move this distance is the
difference between the two levels recorded from the cylinder.
. TT actual forward speed of the tractor in tne fiLld was carcurated by

the following equation:

Yo =Do
t

where: Va= the tractor actual forward speed (m/sec)
Da= the distance moved by the Zetor tractor (15m)
t= the time taken to move the distance of l5m,

The fuel consumption per hour (h) can be calculated as fbllows:

Fh-FM * 3.6

Where: Fh= fuel consumption (kg/h)
Fm= fuel consumed in moving l5m (kg/t)

1250
1500 1750 2000

G:r' 0.32 0.3 0.41 0.46
Gr* 0.12 0.sr 0.63
C,,, 0.s8 0.71 0.90 r.00
Gsn 0.7 4 0.88 t.03 t.17
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The fuel consumption. (kg/h) calculation was carried out as follows:
The fuel consurned in moving distance of l5m in one of the runs cdrried
out in the field was 39g and the time was 40 sec, Fh is;

pp-30,3600= 3 
"3.6= 

zlkglh
40 1000 4

The site description
The experiments were carried out in silty clay soil. The soil surface

was quiet level and cover with small size and numbers of plant, The plants
had very limit effect on the tractor traction ability.
Soil measurements

Soil moisture content, soil bulk density, soil cohesion, angle of
internal friction and soil penetration resistance were measured a cross the
area of the experiments. Soil mqisture content and bulk density were
measured by the core method as described by (5). The annuis. ring
apparatus was used to measure the soil cohesion and the angle of internal
friction (7). The penetration resistance o{ the soil was measured by
hydraulic penetrometer expressed by the cone index. The cone index is the
ratio of the soil penetration resistance divided by the cone base of the
hydraulic penetrometer. The results are shown in table (2).

Fuel consumption per unit area
The fuel consumption per unit area can be calculated as follows:

\ =-!l,z,ta
V, ,8,

where: F,= Fuel consumption per unit area"(kg/ha)
Vi= tractor actual forward speed (m/sec)
B;= implement width (m)

RESULTS AND DISCUSSION
Engine speed

Fu decreased as the engine speed of the tractor increased to
approach the lowest value of l5.58kg/ha at engine speed of l500rpm and
thereafter incrcased when engine speed was increased further (Figure 2).
The low Fo with engine speed of l500rpm compared with that of engine

Table (2): Soil and mechanical fon different
Depths
(c*)

Cone
index

(kN/m:)

Butk
density
(t/mt)

Moisture
content

(%)

Cohesion
(kN/m':)

Angle of
internal
Itiction

(desrees)

Soil
particles

size
distribution

Soil
textu re

0-10 1902.7 1.37 18.2

10.6 28.4 Sand silt
clay

(g/hg)
t4t 4ll 448

Silty
clay

l0-I5 5397.4 1.32 20.1:
l5-20 5986.2 1.38 27.7
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speed of 1250rpm despite of the lower fuel consumption of the later engine

speed n'as because ihe tractor forward speed with engine speed of
fiOOrpm was higher than that with engine speed of 1250rpm which

increased the plowed area per unit time resulterl in lower F". This means

the hiXih tractor forward speed produced by r:ngine speed of 1500rpm-

overcalne the advantage of the low fuel consumption of the engine speed of

1250. Ilowever, the advantage of the engine speed of 1500rpm in giving

lower .Fo compared with that of engine speeds of 1750 and 2000rpm is

related to: firstly, the lower fuel consumption of engine speed of 1500rpm'

secondlly, the tractor forward speed with engine speeds 1750 and 2000rpm

*u, not high enough due to the high tractor wheels slip which

accomplished lhese two engine speeds to overcome the advantage of lower

fuel consumption of engine speed of 1500rpm.
ifhe results also revealed that F" of botlL engine speeds 1750 and

2000 rpm was lower than that for engine speed of 1250rpm despite oftheir
high fuel consumption requirement. The domination of both engine speeds

in pro<ilucing lower F, was due to tlre higher forward speed of the tractor
compared tn'ith thut of engine speed of l250rpm rvhich omitted the effect of
the iou,e. fuel consumption of engiie speed of l250rmp' This means the

high forward speed had greater effect on Fu than the fuel consumption'

Tierefirre to reduce F,, ihe tractor should be work in higher forward

speed.
Forward speed

p, decreased considerably as the tractor forward speed increased

(Figurt, 3), for example, when the tractor forward speed increased from

O.fS to O.SS m/sec F, decreased by 9.49kg/ha. However, the high forward
speed should be within a limit to leave enough power for the tractor to pull

tie implement, otherwise, the tractor may be installed. However, in this

case eitther the implement depth or the tractor forward speed should be

reducerl to maintain the motion'
Plowin,g depth

llhe plowing depth had a negative affect on F,, it increased as

plowing depth increased (Figure 4) and that occurred due to the increase

in the draft force which increased the tractorr wheels slip' and hence

reducerl the tractor fonvard speed which resulted in lower F,' However,

the reduction in the forward speed increased the time required to plow a

uniit area (hectare) and this resulted in higher fuel consumption

require ment and thus increased Fu.

llhe results revealed the operating depth of 15cm gave higher Fa

than. operating depth of 10cm but by a small amoutrt (0.52 kg/ha)'
however, the operating depth 20 cm gave higher Fu with great differences

than that of operating depth of 15 and 10cm, 12,,35 kg/ha and 12'7E kg/ha

respectively. ihis great difference between F, of operating depths of 15

anri of l20cm is related to the high reduction in fo.ward speed of the tractor
wilh o;rerating depth 20cm due to the high draft force. The high draft
force olf operating depth of 20cm was related to the greater volume of soil

lvt



'fractor fuel consumption per ...

marripulrrted by' the plow, higher moisture content anq greater soil

* strength with depth. Thus, to savre fuel the impJlernent should be operated

at strrallo,w depth when the deep operating depth is not necessarily for crop
growth.

The interaction effect of the tractor forward speed and the weight
added to the tractor driving wheels on the :[uel consumption

per unit area
The positive effect of the tractor forward s;peed on F, was further

increased rvhen 300kg was added to the tractor driving wheels (Figure 5).

In fact, the added weight reduced the tractor wheels slip through
increasinlg the soil strength underneath the tractor tire, particularly at
higher forward speed which leads to increase the forward speed of the

tractnr a;nd thus a greater plowed area per unit time was achieved- To
illustrate that a numerical example is taken, whon the tractor forward
speed was increased from 0.38 to 0.85m/sec, F" decreased from 23.98 to
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14.3 kglha (40%) without adding weight, but when 300kg was added to the

r.actoi driving rvheets, F" decreasred to 12'8 kg/h:t (507o)' Therefore' for

lower F,, the Iractor should be operated at higher forward with addition

weight to its driving wheels.

The interaction iffect oftractor engine and for, vard spceds and the

weight added to the tractor driving wht:els on the fuel

consumPtion Per unit area

The lowest F, (9.63 tgfta) was recorded for engine speed of 1500-

rpm, the highest forward spied (i.e.' 0'85m/sec) and the added weight of

f'OO'f<gfi-gune6).Thiscombinationofparameterscombinedthe
advantiges o'f each single parameter in reducing the fuel consumption of

fuel resu]lted in lower r". wrrile the second lowest Ir" (12.24 kglha) was also

".t,i*,.obythehighestforwardspeedandtheaddedweightof300kgwith.ngin. tp,..O of t Zl0 rpm' To save greater amount of fuel and hence lower

pto"roing ,rott the first ubor. put",.ters combination should be used' As an

.*o.pi., the total area advocated for planting in lraq is about 176000 ha'

When th'e Zetor tractor 6901 was used at engine speed of 125o rpm,

forwardspeedof0.3Sm/sec.(slowspeed)andwithoutadditionweighttoits
driving 'wheels, the total fuel requirement to plow this area may be

46567500 L (on average, the heciare required 26'61 kg of fuel to 
-be

plowed). This amount of fuel would cost about 465'675 millions of I'D

[traqi Oiner;, ( i.e $ 3'1045 millon) when one litter: costs l0'I'D' However'

when the same tractor is used at engine speed of 1500 rpm, forward speed

of 0.85 rn/sec. (highest forward speed tested for engine speed of 1500 
^rpm)

and addition of JOOt<g to its driving wheels the required amount of fuel

decreaserl from 46567500 L to IO8SZSOO L' This amount of fuel

(16S52500 L) would cost about l68.5million I'D (i'e' $ 1'l23millon) and that

would save about 297.5 million LD. (i.e s 1.98 miilton) which is lower by

617o. However, the saved cost depends on the tractor mechanical

performanceasitbecomesolderanditstireoftr:rctionbecomesmoother
and the soil moisture content is higher the saved amount of money is

Iesser. Tlherefore, to save fuel in preparing the soil for planting a suitable

engine speed antl the highest forward speed sh-ould be chosen as well as a

pr6per n,eight should be added to the tractor driving wheels to obtain the

L".i 
"ontlrirr"tion 

of parameters to save fuel and to reduce the soil

prephring cost.
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The interactirr effects of tractor forrvard sp€ed, Plowing depth and
weight added to the tractor driving wheels

The addition of weight to the tractor traction wheels reduced F" for
all operating depth and that was done through the reduction of the
clissipated str€r'g5r at the contact area betrveen the tire and the soil in form
of slip energy. The lowest F" (9.42kglha) was recol'ded for highest forward
speed, shallow depth (10cm) and addition of 300kg to the tractor driving
wheels (Figure 7). The superiority of the shallow depth on the deeper
operating depths in protlucing lower Fn can be related to the lower draft
force re,quirement which let the tractror move lbrward faster than the
deeper operating depth and that resulted in greater plowed area per unit

'tvt
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time for the same fuel consumption which produces lower Fu. The addition

of weight to the tractor traction wheels reduced lfa for plowing depth of
20cm appreciably compared with Fa without adding of weight. This means

the additiion of suitable weight to the tractor traction wheels could save

great deall of fuel when plorving soil, particularly at deeper plowing depths'

ihe results clearly showed that to save a great amount of fuel and hence to

rr:duce the total cost of soil preparation for planting, the tractor should be

used at elrgine speed of 1500rpm (engine speed of l500rpm had the lowest

specific fnel consumption (4), the highest forward speed which can allow

tire tracto,r- implement combination operates with out hindrance, shallow

plowing depth (l0cm) and addition of about 300kg to the driving wheels'

Engine sPecd (RPM)

Figure 6: I'he effect of engine speed, tractor forwald
atlded to the tractor driving wheels on the

unit area.

speed and the rveight
fuel consumption Per

working deplh (( r)

The effect of the tractor forward speed, the

the weight added to the tractor driving
consumption Per unit area.

l0

working depth and
wheels on the fuel

3

Figure 7:
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CONCLUSIONS
l-Engine speed of 1500 rpnr gave the lowest fuel consumption per

hectare (F,) for all the forward speeds tested while engine speed of
l750Rpm became second.

il-The fuel consumption per hectare decreased as the tractor forward
speed increased.

3-The addition of weight to the tractor driving wheels (300k9)

decrea,sed the fuel consumption per hectare considerably for all engine

speeds, forward speeds and plowing depths tested'
4-Ttre fnel consumption per hectare decreased as the plowing depth

decrea,sed.
S-The lowest fuel consumption was recorded for highest tractor forward

speed, engine speed of l500rpm, plowing depth of l0cm and added

weighrt of 300kg.
6-The interaction between the parameters which are mentioned in point

(6) could save about 617o otthe total cost required to plow one hectare
compared with slowest forward speed, deepest plowing depth' highest
or lowest engine speed and without addition weight to the tractor
drivirrg wheels.
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