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Analysis of Factors Affecting Fuel Consumption of Agricultural Tractor

S. H. Park Y. J. Kim D, H Im

C. K. Kim Y, Jang S.S. Kim

The objective of this study was to analyze the factors affecting on fuel consumption of agricultural tractor. According

to the statistical analysis, fuel consumption of agricultural tractor was considerably influenced by kind of operation, throttle
engine speed and gear steps of tractor but much less by kind of soil. Specific fuel consumption of the tractor in plowing,
dry paddy tilling, wet paddy tilling and wet paddy levelling was 0.33~0.36, 0.30~0.45, 0.19~0.34, 0.28~0.39 L/kW-h,
respectively, and CO, emission was 0.36~0.45, 0.35~0.58, 0.22~0.42, 0.24~0.37 kg/kw'h, respectively. Specific fuel
consumption and CO, emission increased as throttle engine speed increased but reversely proportional with gear step of

tractor, by which one can reduce fuel consumption and CO, emission with practicing of “Gear up & Throttle Down”

technique in paddy operations.

Keywords : Tractor power output, Fuel consumption, Gear steps, Engine speed
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ZFo<= 1 (Firestine et al., 2007), £, 7]2(Kim and Han,
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2] QQlof oJ&f g A o7 HaHar itk o]F EUE
Azd7r adrb 7 vk X ¥ “Gear up & Throttle
down” 714 EelEle] ISR Holn AUAASES
so] B 2ok ARARES 30% P die
= Itk ¥ 3(Grisso and Pitman, 2001)5glow, HZ 4
HANE o] 71 AMgslo] EE ARATHS 15~55%
A7Fer 4= 9lvkal ¥ keIt Fujii, 2008; Teshima and Gotoh,
2010; Gotoh and Teshima, 2010).
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Aol AR EFEE A X345 2600rpme]]
A 37.3 kW(LX470C, Daedong, Korea)2] 35 U, d5
FAFH Z(fuel injection pump)= H|(Bosch)d S A2
ol1 ZZ7|(governor)= AAAS sty gk AR F
4= 1.47 km/hoA] 2528 knvh® 12%49] 7|ojgkpa
ZA3EE ot} #97])= A7)(SW-PS1706, Daedong,
Korea), ZE|H|©]E|(HC175GS, Hankookchain, Korea), F-=
A 71(WIS260, Wonglin, Korea)E AF2-3}3i o, 2417]
o] ZeJEL Z17F 1.6 m, 1.7 m Y 2.6 mo|th

2 Aol ARt A5 = 17 13} o] F3E55(APS
-GMD, Koyo, Korea), CO, % Hj7]7}~2%(GreenLine
MK2, Eurotron, Italy), ¢154 % 2{MEC 05ASP-1R, M.E.C.
Fluid Control, Singapore), 71Q12(Strain gages SR-4, Vishay,
Korea), PTO EH(ATI 2040BCF-NC1, Advanced Telemetry

System, Ohio, USA)Z 2743t 4= Q=2 7}7te] 4INE =

IS' Notebook
computer

e

Data logger 1

Traction power

e of] HX]5FtHRyu and Kang, 1991; Park et al., 2010a).
glo]E]= dlo]E] 447 X|(e.pac-DL & e.bloxx, Gantner,
Germany)E §3f mESo] AE == a5 on, x4 Hof
M A S 2kl HolelE ekl Sl TS
W0 dolE el ARHES Bt

EdE 98z I8 29 Zo] ARaHH(fuel pump),
A=FH (fuel filter), A5AREZ(fuel injection pump),
ARZ(fuel injection nozzle)s F3ll =, TAR=Zo
A e e ARma oA Sobhes Selgt £ A
Follx= A5gE|9} FAREE Afolof] ATARAE HX]
Shal Hol ARRAR FoPls RS WHEE 0|85
AR v WA Sol7kes slo] EE F29l

29 5 A54ARES =451 tHGreen et al., 1983).
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Measurement device
for traction power

ﬂ-\x Torque transducer
\ Implement

Travelling speed 1L
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\RF receiver
J
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Fig. 1 Schematic diagram of data measurement system in field test.
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Fig. 2 Schematic diagram of fuel consumption measurement.
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Table 1 Soil condition of experimental fields

of Biosystems Eng. Vol. 35, No. 3.

Soil hardness (kPa) Soil texture (%) Soil moisture ) )
Item - 0 Field size (m)
10 ecm | 20 cm | 30 cm | 40 cm | Avg. Sand Silt Clay (wb, %)
Silty clay 982 5,734 7,642 6,694 5,263 43.0 22.1 349 40.4 100%30
Clay loam - - - - 27.0 33.0 40.0 37.1 80%30
Silty loam - - - - 30.8 54.5 14.7 39.1 100%x40

ekl AR AV1AUL A vHE ZE, 7
= ZEkel, FEAA ABE FUSIh TARE
vlEsete] Agu st TheRe 2498 47149
F RS 247 AYS sglon, TrzEe 49 4
P49 5 B HE Al Addsiich TgA A
Frerete] 49 Fol F=gA1E o) gsiol AES AN
ik

/\] 3}

R

Y =¥

] AFA OFE o] &

o T 19} 2] vAAAE, Ao,
) 747} 40.4%, 37.1% 2 39.1%% LEPRGOm,
EokATE= AA 10 cmollA] 982 kPa=Z ki 11, 20~40 cmol|
A= 5.734~6,694 kPa= AJTi A 0% SFOITE of 9 ]l &
ZoME =g dot w2 AHIQU] "t EFEAEE 54
a4 Qsleh

A& AT 28] B3-S AAH] flsked
(randomized complete block design) 0.2 A3
aL, 37 AeTte] A} dol= 50 me]a,
3k A,

]
v =]

313

=1

¥
3

TE A

rir

1

2)
a1l © M (Park et al., 2010a), PTO %3-S
ZER, =44 29 Al 225E PTO E2E &
PTO £2 02 3kl tiPark et al., 2010a).

B CO, WjEZE Aol ARESE AI5719] CO, viE
o] HAME(%)Z =57] wzel 2] ()= o]&ste] Azt
9 CO; WiERHkg/h) o= SMlsiGith 2] (1) AS#H] A
FAREL/M)T CO, F5(%), 452 HZ 0.82, BtAZe
H] 0.85, BkA 1kgo] th3t CO, AarkA FAL v] 3.67, ¢+
AAL A CO, 5 15.5(Lee et al., 1998)= #-g-313ith

+2 7
p

coy

15.5

Qco, = 0.82 X @, < 0.85 X 3.67 < (1)

where, o, : Emission of carbon dioxide (kg/h)
@), : Fuel consumption per hour (L/h)
C, . Emission concentration of carbon dioxide

coy

at tractor (percent)

Specific gravity of light oil : 0.82 (kg/L)
Weight ratio of carbon on light oil : 0.85 (decimal)
Weight ratio of carbon dioxide to the carbon
dioxide of 1 kg : 3.67 (decimal)

Concentration of carbon dioxide at complete

combustion : 15.5 (percent)
3. 30 ¥ 0%
. EE IRLDY| DR Q012
32 B Ananwy) gy W o] ek
(Pearson correlation)E WERH Zo|th 32 20] MG Fof] A&

= dH=Z A3 R34 S (throttle engine speed) 2}
710] T (gear step)= SHHT Al L, FepHEol o
£ R34 S (engine speed), 2F4 S (working speed),
CO, HWE=HCO, emission), =(PTO power)<- &R0l
3l gt

EUE ABAFEHL/M)S ARE A3 HAEE(1=0.913),
AF 34 E(1=0.822), CO, HIEHr=0.837), PTO (=
0.716) 2} A7 =4 ekt Rbd, 7)o a7 (r=-0.103) 9}
A& (1=0.299)F EFE AFTATEKL/h)Y v A
AE Btk o] A= A2E el o]t x| &)
29 Fstel] Ml WEEE AXIHEEE o] 88iA EY

Y E97 A5ARES (A0 % o S(Park et al., 2010b)
& gtk AS AYE 1 9l

¥ 32 2285 RSAEES} 7|ou ESE Agh
HEHL/M)oll v|RE e 39 A5 Ayjelct EE <
TARZS 319 2] (2)FA 83%(R°=0.834) L o] 7}

Solel, EdE duirse AzE AAHA5E 9@
(stb=0.91)& A w5, 7]ofeire] e (sth=-0.02)&
ok S| btk

FC = 20.31442 + 0.006297ES — 4.01118GS ?2)
where, F'C' : Fuel consumption per area (L/h)

TES : Throttle engine speed (rpm)

GS . Gear step (number)
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Table 2 Pearson correlation coefficients between the variables (upper values in the cell are coefficient of correlation and lower are p-values)

FC TES GS ES WS CO, P
(L/h) (tpm) (steps) (tpm) (m/s) (kg/h) (kW)
Fuel consumption (L/h) 1.0
. 0913
Throttle Engine speed (rpm) <0001 1.0
-0.103 -0.096
Gear steps (steps) 0.4002 0.4347 1.0
. 0.822 0.971 -0.1083
Engine speed (rpm) <0001 <0001 0.3758 1o
. 0.299 0.363 0.8333 0.3662
Working speed (m/s) 0.0126 0.0022 <0001 0.0020 10
.. 0.837 0.6804 -0.1110 0.5354 0.1551
€O, emission (kg/h) <0001 <0001 0.3639 <0001 0.2032 10
0.716 0.5815 -0.0867 0.4872 0.1888 0.6570
PTO power (kW) <0001 <0001 <4788 <0001 0.1203 <0001 10
Table 3 Regression results for tractor fuel consumption
Variable DF Parameter estimate Standard error t value Pr>F Standardized estimate
Intercept 1 -3.39865 0.56240 -6.04 <.0001 0
Throttle engine speed 1 0.00422 0.00024 18.10 <.0001 0.91165
Gear steps 1 -0.02046 0.06538 -0.31 0.7553 -0.01576
R-square : 0.8341
Table 4 Statistical analysis of fuel consumption model for tractor
Source DF Sum of squares Mean square F value Pr>F
Model 7 340.881 48.697 135.55 < .0001
Error 61 21914 0.359
Corrected total 68 362.794
Throttle engine speed 1 192.367 192.367 53548 < .0001
Gear steps 1 12.978 12.978 36.13 < .0001
Operation type 3 23.910 7.970 22.19 < .0001
Soil type 2 0.079 0.040 0.11 0.8960
R-square : 0.940
EdE AR #3004 24T ARE XS BESTEE dEFEHE=0.896)°] W2 ZO0E UERsit
9] 7]eja: olgle] AYER, EFER Sl uet 2era
T Atk E 4= EFE duasrEo] 5T BT FC,;\, = TES + GS;+ OT,+ ST, + E 3)
of WA ol e WEAE Yobry] fl3] SAS GLM
(general linear model) 41t A¥jo]ty. GLM R 2] where, FC, ;,, : Fuel consumption per area (L/h)
() ol A7E MNIHEKLE, Vo, AYEw, BEY TES, : Throttle engine speed (rpm)

THE AusE AAsisich
Me] A7 EE ARANGES 94%(R—094) A
Aol A 239 FOPE Fel(p<000) HO%
et 018 |4 3 AR5 Rsd&s, Zlojusr, &
AEFE EUE AsihRsks & A9(p<.0001)s] T2
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GS; : Gear step (number)
7, : Operation type
ST, . Soil type

E : Errors
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Fig. 3 Characteristics of tractor power, fuel consumption and CO,
emission at tractor operations.
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Fig. 4 Characteristics of tractor power, fuel consumption and CO,
emission at soil type.
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2400 rpmellA] A= An]Eo] o FEAsiGiET), o)A AlF
FAo] Boke] BdA So7 Qs 4 e xlela sekE)

EHE CO, mlE% MARIAEA 035, 0.40, 0.40,
0.58 kg/kW-h, 2]9FEelA 0.37, 0.48, 0.54, 0.46 kg/kW-h,
AP FE A 0.36, 0.36, 0.47, 0.55 kg/kW-hE A FE 4]
F3 AR Ao R el

o d

9 5= ARE A3 AS R ESE] J)ojuksre] e
EdY &9 WgkE vehd Jdolth o] A= vAREAE
oA 71o1ekr 45K0.4, 0.6, 0.9 m/s), 55H0.6, 0.7, 1.1 m/s),
65K0.7, 0.9, 1.5 m/s) .2 A7|AAS S-S w et
Aot

EE £ 7|ojdret A2 5 sl vleEs
o] T7IeIGtE AR E QIZIS]HEE 1400 rpm2] 75~ 710
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20 N _ : ///
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5 2500
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6 e
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Fig. 5 Characteristics of tractor power by the gear step and throttle
engine speed at plowing operation.
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Fuel consumption, L/kWh

Fig. 6 Characteristics of tractor fuel consumption by the gear step
and throttle engine speed at plowing operation.

EUE AdFAHES ARE dRs|dE e Blgstal 7
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H-&-2 0.33, 0.30, 0.36 L/AW-hE 575131tk o] Aap= 7]
AYFE yeko 2 ok RS AL EE A& o R fX]8hd
EE A58 ES ¥ 7 ks A& onlsid, A3 A
ZA3NGrisso and Pitman, 2001)1A4 % “Gear up & Throttle
Down” 7|5 ARgebd EFE ARARRS 30% A0
& Qv B s
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Fig. 7 Characteristics of tractor CO, emission by the gear step and
throttle engine speed at plowing operation.
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