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Abstract : Although driving patterns strongly influence greenhouse gas and air pollutant emission rate from light duty
vehicles, emission measurements have been mainly based on chassis dynamometer testing with one standard driving
pattern. And there has been limited work on quantifying the independent effect of driving parameters on emission rate
because of multidimensional nature of real-world driving pattern. The objective of this study is to obtain the
quantitative effect of relative positive acceleration (RPA) on vehicle emission rate. RPA has been used to define the
occurrence of acceleration demanding large amounts of power in certain driving distance and shown to be a significant
affecting parameter for real-world emission rate. 40 driving patterns have been developed with fixed driving parameters
to investigate independent effect of RPA. For the same values of average vehicle speed and power, the trend in carbon
dioxide emission rate and fuel consumption with respect to RPA is very clear. Emission rate of nitrogen oxide and
particulate matter also increase with respect to RPA, but the trend is less clear. Carbon dioxide emission from diesel
vehicle appear to be more affected by high accelerations compared to that from gasoline vehicle because of high intake
air restriction during acceleration caused by turbocharger and intercooler. The results have implications for the possible
reduction of environmental effects through better traffic planning and management, driver education and car design.

Key words : Relative positive acceleration, RPA (%] 714 12), Vehicle specific power, VSP(X}%F1] & 2]), Driving
pattern(5~23 = &), Carbon dioxide(©]4+3}€F4), Fuel consumption(d & 421] &)
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where,

VSP : Vehicle specific power (kW/ton)
v : Vehicle speed (m/s)

a: Vehicle acceleration (m/s)

r : road grade (%)
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Fig. 1 Distribution of speed - vehicle specific power, VSP
for urban driving pattern
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X Fig. 2 Example of transent driving patterns that have 30
km/h average vehicle speed
where, X
RPA : Relative positive acceleration (m/s’) A 7HE == A (2) ¢} o] Alaky =), %k 7}
T: Total time (s) &2 7l ] £710] x}&y) rpEEE 135 e
vi : Vehicle speed (m/s) AA FHPAYZE Lie ghol7] W7ol EH =2 F
aiposiive : Vehicle acceleration, positive values (m/s?) & Alo] A ThEedRA & 22 AAA Q] EE
X : Total distance (m) Wazghtha B 4= Qi) ] 7HEEE T e o
Table 1 Driving pattern parameters that were calculated for each transient driving patterns
Mean speed| Mean VSP RPA Distance | Stop Time
(km/h) (kW/ton) (m/s?) (km) ) Idle Cruise Accel. Decel.
593~708 s 199~236 s 285~337s 158~191s 141~180s
20 12713 | 027-032) 33-39 | 4 100% | 33.3~33.6% | 47.1~50.4 % | 26.6~30.1% | 22.8~25.4 %
410~914 s 102~220 s 153~393 s 162~282 s 95~239 s
%0 20-21 1026-035) 34-76 | 4 100% | 23.4~24.9% | 37.3~43.0% | 30.9~39.5% | 23.2~27.5%
529~641s 73~84s 176~202 s 195~246 s 158~193 s
40 29 026-029 | 5972 4 100 % 13.1~13.8% | 30.0~33.9% | 36.9~39.7 % | 28.5~30.3 %
562~1,460 s 31~53s 148~485 s 246~556 s 168~446 s
50 39 022-028 | 7.8-20.2 4 100 % 3.6~55% | 24.7~31.6 % | 38.1~43.8% | 29.9~33.6 %
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Table 2 Main specification of the test vehicles

V1 V2
Vehicle type Sedan Van
Fuel Gasoline Diesel
Model year 2007 2007
GVW (kg) 1,530 2,675
Transmission 4AT 4AT
Mileage (km) 48,575 31,392
Displacement (cc) | 1,591 2,497

: . Turbocharged and
Intake air Naturally aspirated intercooled
Diesel oxidation

After treatment Three way catalyst catalyst
Max output
(kWirpm) 89.0/ 6,200 106.6 / 3,800
Max torque 153.0/ 4,200 323.6/2,000
(Nm/rpm)
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Greenhouse Gas and Pollutant Emission from Light-Duty Vehicles Regarding the Relative Positive Acceleration
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Fig. 5 Carbon dioxide emission per average vehicle speed (left), road grade (center) and vehicle specific power, VSP (right)
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Fig. 6 Influence of relative positive acceleration, RPA on
carbon dioxide emission (upper) and fuel consumption

(lower) for each vehicle speed
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