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FUEL CONSUMPTION AND TILLAGE EFFICIENCY DURING CULT

IVATION OF FIELDS

OF DIFFERENT AREAS

Summary

Fuel consumption and hourly tillage efficiency hdesn compared using a 7-furrow reversible plowpted with a John
Deere 8330 tractor during cultivation of fields different areas (26.00, 12.74 and 3.22 ha). A réidacof efficiency has
been observed as the area of the field decreased§5, 2.23 and 1.64 & along with an increase in the fuel consump-
tion — 14.7, 15.0 and 18.0 dima™. The proportions of the fuel consumption have &lsen changed when cultivating
smaller fields - the share of fuel consumption kigraccompanying activities in the total fuel conption grew by — 1.9,

2.4 and 6.5 driira™.
Key wordstillage, fuel consumption, efficiency

ZUZYCIE PALIWA | WYDAINO SC ORKI
PRZY UPRAWIE POL O RO ZNEJ POWIERZCHNI

Streszczenie

Poréwnano zgycie paliwa i godzinow wydajng¢ orki wykonywanej obracalnym, siedmioskibowym @gsprzzonym
z ciggnikiem John Deere 8330, przy uprawie pél éng) powierzchni (26,00, 12,74 i 3,22 ha). Stwierdzobnianie se
wydajnaici wraz z upraw mniejszych pél - 2,35, 2,23 i 1,644fiaoraz wzrost ztycia paliwa - 14,7, 15,0 i 18,0 dira™.
Zmianie ulegaly teproporcje w zgyciu paliwa - przy uprawie mniejszych poél, w catitgm zuyciu paliwa wzrastat udziat
paliwa zuytego na czynmei towarzysace orce - 1,9, 2,4 i 6,5 dia™.

Stowa kluczoweorka, zuycie paliwa, wydajné’

1. Introduction

For many years, in agriculture, there has beearaltto
obtain the highest efficiency and reduce the numnder
people and equipment involved. This is achievedthzy
application of efficient agricultural tools and rhawes
characterized by large operating widths, thus |aige and
weight. A similar effect is obtained using multisking
equipment performing several tasks at a single lrumost
cases the source of propulsion of these machiresigh-
power farm tractors. When these sorts of aggregates
used, a variety of scientific problems related toper op-
eration appear such as appropriate selection ofgter
ratios or the influence of size and shape of fieddsthe
operating indexes, let alone the machinery envirmtad
performance [2, 11, 13, 14].

The tractor driver, when performing agrotechniaat
tivities aims at obtaining appropriate engine poimeorder
to maintain the right speed, even if the motioristasce
changes [4, 17], while the engine load depend$endal-
ized tasks, applied tools and conditions of openatit is
noteworthy that the driving technique heavily degseion
the driver’'s psychomotoric characteristics and dhiwing
style. The driver changes the gear ratios followomdy his
own experience and such a choice is not alwaysnoti in
terms of low unit fuel consumption (many speedgha
transmission) [2]. The use of a reducer and tonousti-
plier multiplies the number of possible settings the
transmission. Hence, to some extent, the experi@mce
driving style of the tractor operator influence fioel trac-
tor efficiency.
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Another important issue, particularly for largeriagl-
tural aggregates, is related to the relation betwibe size
and shape of the cultivated fields and the orgdioizal and
economic parameters of a given task e.g. the rahtyac-
tor power used during a task, fuel economy or fficy. It
is generally acknowledged that these parametersvarse
when smaller or less regular fields are cultivatethpared
to large and regular ones. Nevertheless, literadoes not
provide quantitative information in this matter, ot is
why the aim of the research was a comparison ofibke
consumption by an engine of a farm tractor andhdsrly
tillage efficiency when cultivating fields of diffent areas
using a 7-furrow reversible plow.

2. Research methodology

The object of the research was an aggregate caupos
of a John Deere 8330 farm tractor (of the powepuwiubf
230 kW) coupled with a EuroDiamant plow by Lemken.
This was a semi-mounted reversible plow fitted with
furrows with full moldboards. The research was iegrout
during tillage (on fields after harvesting with posrvest
activities performed). During the cultivation, thaow
worked with the roller. The research was perfornied
2012, in the fields of the Bradin Co-op (Spétdzielcza
Agrofirma Witkowo near Stargard Szczéski).

The measurements were made during cultivation of
three fields that differed in size and shape (E)gFields 1
and 2 were regular in shape but the area of fieléhd twice
as large compared to field 2. Field 3 was charzetdrby
the smallest area (approx. 8 and 4 times smaléer fields
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1 and 2) and a triangular shape. The fields undeearch
were cultivated by the same tractor operator. Ehimpor-
tant in terms of the methodology as all the resoittiined
during the investigations were equally influenced the
driver's technique. The operating conditions hawerb
presented in table 1. The methods of measurementdf
vidual quantities given in table 1 have been disedsin
[10]. The tillage was performed on sandy soils. @ding
to the data shown in the agricultural map covetimg in-
vestigated area [12] these were heavy loamy s#iyds
light loamy sand and heavy loamy sand (tab. 1).1efdb
presents the granulometric parameters of the soibpmed
for collective soil samples, distinguishing fract®oin use

the engine and tractor operation. It recorded thgine
operating time, engine speed, volumetric fuel camsion,
GPS position, covered distance and speed. Duriagrét-
tor operation these parameters were recorded hétheso-
lution of 1 Hz (After over 18 hours of work 6745Cas-
urement points were collected used in the anal{8]s)

The hourly efficiency of the tillage was calculhteased
on the cultivation time of individual fields. Theilltvation
time was determined based on the data collecteHiy
1404.01, while the information on the areas of fie&ls
was obtained from the field owner and verified witte
data contained in relevant maps.

by Polskie Towarzystwo Gleboznawcze (Polish Socadty [ A
Soil Science) since 2008. Soils of such granulometm- % Tl At o
position are currently classified as loamy sand §ind - Y
sandy loam. These are light and medium soils imseof / ; ;
agrotechncial weight [5]. The humidity of the sediried in j/f/ 0 250m
a small range from 13.1 to 15.0%. Volumetric densit / ~ 140 &

compactness and shearing tension were characteridtie % /

soil after harvesting and in field 3 these paranseteere ~610 A >ﬁ)
mostly a bit higher than in fields 2 and 1. The tHepf the '
tillage in field 2 was approx. 3 cm smaller thanfiglds | ‘ J
1land 3. The plow speed and its operating widthedar

from 2.53 to 2.61 fE" and from 3.27 to 3.36 m respec- fg%gfm Ei'fﬁa f‘;lzdli

tively. Despite certain differences during the imaition of
individual fields it can be assumed that the ti#lagpndi-
tions were comparable.

The investigations were based on the EDM 1404.01
system (fitted in the John Deere 8330) applied tmitor

Table 1. Characteristics of the tillage conditions
Tab. 1. Charakterystyka warunkéw orki

Source: own work Zrodio: opracowanie wiasne

Fig. 1. Size and shape of the cultivated fields
Rys. 1. Wielk' i ksztalt uprawianych pél

Value
Size Soil layer Field number
1 2 3
shls 40.9 68.5 100
Share of individual soil types * rl]llss 52'8_ 15
in the top soil, % oS 45 - -
slls . 1.8 - -
2>d>1 Top soil 2.7 15 17
1>d>05 7.9 6.2 6.4
0.5>d>0.25 15.1 11.0 12.5
. 0.25>d>0.1 33.2 " 31.6 — 311 | —
granulometry, % 0.1>d>0.05 71 | = 177 | ® 193 |
0.05>d > 0.02 8 14 10
0.02>d > 0.002 11 13 14
d<0.002 5 5 5
Soil humus, % 2.1 1.9 2.0
Soil current weighted humidity, % 0-10cm |15.0 s=2.0 13.7 s=1.0 13.3 s=1.3
Soil volumetric density, lcn 0-10cm |1.35 s=0.10 1.31 s=0.15 1.44 s=0.15
Soil compactness, kPa 0-10cm 538 s=258 535 s=192 758 s=439
Shearing tension, kPa 0-10cm 24 s=10 18 s=6 18 s=4
Plowing speed, [s? 2.53 s=0.23 2.58 s=0.46 2.61 s=0.48
Plow operating depth, cm 25 s=2 22 s=2 25 s=3
Plow operating width, m 3.34 s=0.05 3.36 s=0.04 | 3.27 s=0.03

*- according to the above classification of PoliShciety of Soil Science, **- as per the PTG (Pofsitiety of Soil Science) standards
adopted in 2008: shis— silty heavy loamy sand: llight loamy sand, hls — heavy loamy sand, slghty loamy sand, slis— silty light
loamy sand, fls— fine loamy sand, fsl- fine sandyn, , s — standard deviation

*- zgodnie z wczmiejsz; klasyfikacy Polskiego Towarzystwa Gleboznawczego, **- wedtug estatzygtych przez PTG w 2008 r.,
pgmp - piasek gliniasty mocny pylasty, pgl - piagi@kiasty lekki, pgm - piasek gliniasty mocny - pgasek stabogliniasty, pglp - piasek
gliniasty lekki pylasty, pgdr - piasek gliniastyodnoziarnisty, gpdr - glina drobnopiaszczystapslehylenie standardowe

Source: own work Zrédlo: opracowanie wlasne
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While determining the indexes related to fuel eong-
tion one needs to know the value of torque on thgine

shaft. EDM 1404.01 unfortunately does not recoris th

parameter, because a direct measurement of torquédw
require fitting a torque meter, which would requirenodi-
fication of the engine. It is noteworthy that thiemtifica-
tion of the engine torque and speed allows distsigag of
the engine work states directly corresponding ® pler-
formed tillage, u-turns, and other fieldwork adie$. The
above allows determining of the time share of theisges
when cultivating field of different areas and sha@nd
attributing relevant fuel consumption to these estabs
recorded by EDM 1404.01.

The engine torqudl, was determined indirectly using
the hourly fuel consumption and engine speed rexbiay
EDM 1404.01. Based on these values the torque alas-c
lated from relation (1):

M, = @800+ b @100+ C[By000+d - 1)
In whichg;ogois described with an equation (2):

Y, Vo
1000 = nL' 1000 9,000 = nL' [1000 )

S S
where:

a, b, ¢, d — coefficient characteristic of a given engineetyp
dependent on the engine speed,

Oro00— fuel consumption per 1000 revolutions fiim

Vpa — Volumetric fuel consumption [diiin™],

ns— engine speed [ranin™].

The development of relation (1) has been described
[9]. The efficiency and correctness of this method ofue
determination are confirmed by earlier investigasi¢7, 8,
15, 16]. Values of coefficients, b, ¢, d occurring in rela-
tion (1) for the presented investigations have bgiean in
table 2. It is noteworthy that the values of thesefficients
are elated to the engine speed. Hence, in ordsinplify
the calculations, the procedure of determination thof
above coefficients described in [9] was performedfive
adopted engine speed ranggsto 950, 951-1250, 1251-
1550, 1551-1850, 1851-2150 and above 2151 rev-min

Eventually, using relation (1) witif,, andns given, the

in the area of these parameters in relation tadted oper-
ating time:

WG )

where:

WG, j — relative operating time of the engine in eleragnt
power supply field,

t;, j — engine operating time in elementary power supply
field [s],

t. — total engine operating time [s].

In this way, two-dimensional distributions of rdla
engine operating time in individual elementary powep-
ply fields were obtained when cultivating individdeelds.
The analysis and comparison of the obtained digiohs is
difficult. In order to obtain the fuel consumptiomdexes
(fuel consumption differs during tillage, u-turnsdaother
field activities) for the obtained work pointss(M,) a clus-
ter analysis was performed using Statistica sofwap-
plying this statistical method, the engine work nisj
treated as objects, were distributed into groupsntke
their relations with the same group as close asiplesand
minimize the relations with other groups. When getieg
the clusters, the measure of distance betweenbijbets was
the actual geometrical distance in thg- M, coordinate
system. The grouping of objects was done with tle¢hod
of complete linkage. This method well applies wiobjects
form natural separate agglomerates, as is in tee ofithe
operation of a tractor engine, which, during theicadfural
activities, produces characteristic ranges of lgat$ engine
speeds at individual stages of fieldwork. In thethud of
complete linkage, k-averages variant was appli¢d which
v-fold cross validation was performed enabling andtic
determination of the number of clusters [1].

Eventually, sets of engine work points were obthirteter-

mining its states during individual cultivation iaittes per-

formed by the tractor-plow aggregate. Then, basedhe

hourly fuel consumption (occurring in the attriblijgoints of

work) and duration of these states recorded EDMIDAQ the

fuel consumption during tillage of fields of diféat areas was
ascertained, which was referred to the cultivasicen (tillage

and accompanying activities separated).

_ Y

t

(3)

C

values of torquévl, were calculated, which is how the set of3- Analysis of results

all engine work pointsng, M,) occurring during the tractor
operation in the field was obtained. This is acdgioints in
the engine power supply field that were dividediete-
mentary fields of the dimensiordns=100 rev-mift and
AM,=50 Nm. Then, according to relation (3) [3], forcka
elementary field, the engine operating time wagmeined

For each of the cultivated fields four characterislus-
ters of engine operating states were obtained nzattoally
distributed by the statistics software (Fig. 2).eTdlusters
were characterized hy andM, coordinates and their rela-
tive time share compared to the total engine opeyaime
(tab. 3).

Table 2. Coefficients a, b, c, d for the engin¢heftested tractor
Tab. 2. Wartéci wspo6tczynnikow a, b, ¢, d dla silnika badaneggcika

. - Values of the coefficients
Engine speed rangeg[rev-min-] a b c q

Below 950 -7010° 0.0042 1.3992 -1.1506
950-1250 -610° 0.004 1.3193 14.087
1250-1550 -810° 0.0063 0.8354 37.374
1550-1850 -110° 0.007 0.9304 20.479
1850-2150 -110° 0.0094 0.3923 50.361
Above 2150 -7010° 0.0068 0.5357 59.126
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Source: own work Zrodlo: opracowanie wiasne
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For fields 1 and 2 the coordinates of two clusteese
similar (Fig. 2, tab. 3). The speed and torque pced by
the engine at these clusters indicate that thegesstvere
directly attributed to tillage. Hence, these clustevere
treated as a whole. In the case of field 3 thetioneof the
clusters was clearly different. The time shareilE#fge was
the greatest during cultivation of field 1 (tab. @hd
amounted to 75.2% of the total cultivation timeta§ field.
In filed 2 and 3 this parameter was smaller by appf.1
and 1.6 respectively. When cultivating fields of adler
areas, the relative time of tillage was reducefdwor of the
time related to the reduction of the aggregate Gzehe
start and end of the runs (also forced by coupdind de-
coupling of the roller), making u-turns and plowmsaver-
ing when plowing the end of the fields.

This resulted in a reduction of the average spdetie
tractor during cultivation of individual fields, dnconse-
quently, the reduction of the hourly efficiencytdfage in
small fields. During the tillage of field 1, 2 aBdhe values
of these parameters were 2.11, 2.19 and 187 and 2.35,
2.23 and 1.64 HA® respectively. It is noteworthy that the
average speed of the tractor compared to theveblateven
speed of the plow during tillage in individual fisl (tab. 1)
was lower by approx. 17, 15 and 25% respectivelye T
hourly efficiency of tillage compared to the highedfi-
ciency obtained in filed 1 (of the area of 26.0), veas by

approx. 5% smaller for field 2 (12.74 ha) and 3Q%aker
for field 3 (3.22 ha).

Figure 3 presents the distribution of fuel constiomp
occurring during cultivation of the discussed fididshows
the obtained values of fuel consumption per 1 héiedd
(all stages of the tillage process - engine loadest in-
cluded), fuel consumption during tillage, and foehsump-
tion during accompanying activities.

The fuel consumption directly related to tillagefields
1, 2 and 3 was similar and amounted to 12.8, 1@ a
11.5 dnitha’ respectively. This confirms similar soil and
operating conditions in all the investigated fieldsring
tillage, which was vital for completing the objetiof the
investigations.

The increase in the total fuel consumption andftied
consumption for the accompanying activities is gigant
as the area of the cultivated field decreases @idgRarticu-
larly great differences occur between indexes feld$ 1
and 2 compared to field 3. In the case of fiel¢tBracter-
ized by a small area of 3.2 ha and a triangulapshthe
total fuel consumption was approx. 22 and 20% great
compared with fields 1 and 2 respectively (fieldarid 2
had regular shape and were of the area of 26.0QL2ad!
ha). For fields 1 and 2 the differences in thelthtal con-
sumption were insignificant (Fig. 3), despite fidldbeing
almost twice as large as field 2.

1200 T T
Intermediate states
1000 R
—
= 800 \
2
= 400 .
~ States during
\_/ tillage
200 :
States at idle
0 f— / | | }
800 1000 1200 1400 1600 1800 2000 2200

Engine speed [rev-min?]

Fields:

@

2-@ 3-@

Source: own work Zrodio: opracowanie wiasne

Fig. 2. Clusters of engine operating states whearaipg on individual fields
Rys. 2. Zestawienie skupistandw pracy silnika ggnika przy orce poszczegélnych pél

Table 3. Indexes characterizing the clusters obthfrom the measurement data
Tab. 3. Wskéniki charakteryzujce skupienia uzyskane z danych pomiarowych

Field Cluster Engine speed, rpm Torgue, Nm Operdiing share, % Power, kW
la 1973.26 962.47 45.27 198.88

1 1b 1970.21 853.14 29.89 176.02
1c 1335.58 570.27 9.94 79.76
1d 956.95 170.63 14.86 17.10

2a 1979.76 978.19 37.89 202.80

> 2b 1995.25 874.69 30.87 182.76
2c 1520.83 446.06 15.62 71.04
2d 1004.86 209.70 15.62 22.07

3a 1983.73 919.36 46.78 190.98
3 3b 1738.75 513.06 16.94 93.42
3c 1262.08 802.49 10.46 106.06
3d 1071.12 250.92 25.81 28.15

Source: own work Zrédio: opracowanie wiasne
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Fig. 3. Fuel consumption by the engine of a traduming tillage of fields of different areas refedrto the cultivation area
taking into account all engine load states durittege and accompanying activities

Rys. 3. Zgycie paliwa przez silnik ggnika rolniczego podczas orki pél azriej powierzchni odniesione do areatu uprawy
przy uwzgidnieniu wszystkich stanéw obgnia silnika, przy bezgoednim wykonywaniu orki i przy czynietach towa-

rzyszcych orce

The increase in the fuel consumption related ltage
accompanying activities is significant with the deasing
field area (Fig. 3). In field 2 this consumptionsvA 3, and
in field 3, 3.4 times greater compared to the ftaisump-
tion in field 1. This is related to the increasetie relative
operating time of the tractor at idle and undengrent
states as the area of the cultivated fields deeceésig. 2,
tab. 3). When cultivating fields 1, 2 and 3 theatiee en-
gine operating time was 24.8, 31.2 and 53.2% oftoite!
tractor operating time.

4. Conclusions

The presented results of the investigations confine
generally assumed fuel consumption and hourly ieffizy-
related regularities occurring during works perfednin
fields of varied areas. However, the quantitatie&ations
between the above quantities and the area of thigatad
fields are still unknown. The presented results ameat-
tempt to answer such a formulated research problem.

It has been observed that during tillage, irreSpecf
the area of the cultivated fields, two fundamemagine
operating states are dominant — tillage and idididlds 1,
2 and 3, of the area of 26.00, 12.74 and 3.22 bpere
tively, the time share of the engine state atgdlaompared
to the total operating time was 75.2, 68.8 and %6.8

The efficiency of tillage during the cultivatior fields
1, 2 and 3 obtained by a 7-furrow reversible plaupmed

with John Deere 8330 (230 kW) was 2.35, 2.23 an
1.64 hah™ respectively. The efficiency in field 2 (12.74 ha)

was 5%, and field 3 (3.22 ha) 30% lower than treatgst
efficiency obtained in the largest field (field26.00 ha).
The total fuel consumption during tillage, i.eefused
for tillage and accompanying activities (e.g. uaB)rin-
creased as the area of the fields decreased. Diilfage of
fields 1, 2 and 3 this fuel consumption was 145.0land

18.0 dnitha’ respectively. The proportions in the fuel con-

sumption changed as well. For smaller fields theretof
the fuel consumption for accompanying activitiestire
total fuel consumption grew significantly and foelfis 1,2
and 3 amounted to 1.9, 2.4 and 6.5da respectively,
which constitutes approx. 13, 16 and 36% of thal thtel
consumption.
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