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Effect of Road Gradient on Fuel Consumption of Passenger Car
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ABSTRACT

Even though vehicle types, gradient, pavement conditions and types of pavement should be considered for estimating fuel
consumption, existing models were developed as a function of vehicle types and vehicle speed. Therefore in this study, the
model of fuel consumption was developed using field test data in order that effect analysis on the passenger vehicle fuel
consumption by road gradient. At first, fuel consumption was measured in second-based, using GPS device and fuel consumption
measurement device for development of fuel consumption model considered road gradient. The road gradient was classified as
flatland, up-hill and down-hill. Development of model was using by regression model which vehicle speed(km/h) and fuel
consumption( # /km). The on-road test proved that fuel consumption of passenger vehicle is affected by road gradient.
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(Table 1) Literature Review
Authors Test Vehicles Test methods Measurfament List of Measurement
Device
Oh et al Heavy Truck Instantancous speed, Direct Fuel consumption
) vy Empty and full loading condition Measurement P
Instant: d . .
Yoo et al. Passenger car (E(S),aGE,ZI(;?(l)l; iﬁ;l) i-EDS Fuel consumption
S. C. Choi Passenger car AVL Cruise Program Simulation Fuel consumption
. . Fuel ti
Barth et al. Truck NCHRP Program Simulation ue consyn}p on
and Emissions
Hung et al. Passenger car Instantaneous speed., Idling, 'flc.celerating CMEM Fuel CODS.lll’I'lptiOI’l
and decelerating Condition. and Emissions
. . . Fuel ti
Akcelik et al. Passenger car aaSIDRA and aaMOTION Program Simulation ue conS}lrr}p on
and Emissions
Palince et al. Passenger car Instantaneous speed, roadway design, ) Fuel consumption
and Truck pavement type.
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(Table 2) Characteristics of Test Roads

Classification Gumi Imsil
Total length (km) 14.0 14.1
No. of lane 4 4
AADT (Veh/day) 19,053 10,510
LS geDd GPS Device
Interface Interface
Port Deviee | (Montana 650
evice GPS)

(OBD-II Port) (Smart Eco Gauge)

|

Elevation, Vehicle
Speed, Distance,
Position Data

Fuel Consumption
Data
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(Fig 2) Test Device Configuration
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(Table 3) Results of Field Tests

No. of Samples Anderson-Darling Test
Classification ) P Sig. Hypothesis S.D. Variance
lsl 2nd lsl 2nd lsl 2nd
20km/h 1,156 1,106 | 0.005 | 0.005 H, H, 0.029 0.001
Flat 40km/h 652 607 0.005 | 0.005 H, H, 0.024 0.024
and 60km/h 420 404 0.005 | 0.005 H, H, 0.021 0.000
80km/h 336 301 0.005 | 0.005 H, H, 0.026 0.026
Overall 2,564 2,418 | 0.005 | 0.005 H, H, 0.025 0.013
20km/h 622 510 0.005 | 0.005 H, H, 0.032 0.001
Gumi - 40km/h 249 317 0.005 | 0.005 H, H, 0.018 0.018
Avante | Up Hill 60km/h 210 207 0.015 | 0.005 H, H, 0.024 0.001
(1,596c¢c) 80km/h 158 145 0.005 | 0.005 H, H, 0.028 0.028
Overall 1,239 1,179 | 0.005 | 0.005 H, H, 0.026 0.012
20km/h 353 574 0.005 | 0.005 H, H, 0.012 0.000
D 40km/h 204 152 0.005 | 0.005 H, H, 0.002 0.002
}‘;ﬂwl“ 60km/h 110 | 167 | 0005 | 0005 | H, H, 0.006 0.000
80km/h 101 99 0.005 | 0.005 H, H, 0.003 0.003
Overall 828 1,003 | 0.005 | 0.005 H, H, 0.006 0.001
20km/h 1,967 1,926 | 0.005 | 0.005 H, H, 0.025 0.001
Tmsil - 40km/h 1,138 1,055 | 0.005 | 0.005 H, H, 0.021 0.021
K5 11:11 I?; 60km/h 796 732 0.005 | 0.005 H, H, 0.020 0.000
(1,998cc) 80km/h 590 602 | 0005 | 0005 | H, H 0.026 0.026
Overall 4,491 4315 | 0.005 | 0.005 H, H, 0.023 0.012
Notel : Assumption of AD Test is as follow (Signification Level a=0.05)
Ho(Null Hypothesis) : Fuel Consumption data is normally distributed.
Hi(Alternative Hypothesis) : Fuel Consumption data is not normally distributed.
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(Fig 8> Fuel Consumption Model (Flatland)
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(Table 4) Results of Statistic Test

I Anderson-Darling Test Mann-Whitney U Test
Classification ; : ; ;
Sig. Hypothesis Sig. Hypothesis
Avante 0.005 H, ,
20km/h 0.70:
k5 0.005 H, > Ho
Avante 0.005 H; .
4 .
Okm/h 5 0,005 H, 0.696 Ho
Avante 0.005 H .
60km/h 0.509
k5 0.005 Hi Ho
Avante 0.005 H, ,
80km/h 0.097
k5 0.005 H,; Ho
Avante 0.005 Hi .
1l .14
Overa K5 0.005 H, 0.143 Ho
Notel : Assumption of Mann-Whitney U Test is as follow (Signification Level a=0.05)
Ho'(Null Hypothesis) : Difference of average fuel Consumption between Avante and k5 is not statistically significant.
H, (Alternative Hypothesis) : Difference of average fuel Consumption between Avante and k5 is statistically significant.
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