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Abstract : An objective of this study is to give practical information that could be used for calculating pollutant
emission factors and fuel economy from Korean Inspection & Maintenance program, which has been using steady state
acceleration simulation mode. Concentration results from I/M test is adequately converted to mass emission factors and
fuel efficiency data, which have unit of g/km and km/L, respectively. Exhaust volume flow(EVF), which is for
converting emission result from concentration to mass, is measured by tracer method in various vehicle speed - power
condition. It is found that there is an apparent second order relationship between EVF and vehicle inertia weight. EVF is
expressed in function of vehicle inertia weight in order to estimate EVF in I/M site without measuring device.
Converted mass emission results from measured EVF and raw emission analyzer show a satisfactory agreement with
those from conventional CVS-bag type measurement system. Mass emission factors and fuel efficiency from measured
EVF and estimated EVF also show good agreement to each other. Considering that an I/M program has great
advantages to recruit-based emission test in terms of the number of test vehicle, the information in this study can be
used for developing an alternative procedure to collect more various data to establish national database of mobile
emission factors and fuel economy, even though the driving cycle in I/M program is steady state cycle rather than
transient cycle.
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where,

VSP : Vehicle specific power (kW/ton)

v : Vehicle speed (km/h)

a : Vehicle acceleration (km/h/s)

r : road gradient (%)
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Table 1 Running points of steady state ASM driving cycles
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Fig. 1 Experimental setup of chassis dynamometer test for
vehicle emission measurement. Raw emission analyzer
is for /M program, dilute emission analyzer is for
vehicle emission certification program
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Table 2 Main specification of the test vehicles. In the row named ‘Test’, EVF means exhaust volume flow measurement test
(section 2.1.1) and EM means emission measurement test (section 2.1.2)

Vehicle V1 V2 V3 \L V5 V6 \4 V8 V9 V10
Model Year 2006 2007 2007 2006 1996 2000 1995 1996 1995 2008
Displacement (cc) 999 1,591 1,998 2,656 1,495 1,495 1,495 1,793 2,497 3,342
Inertia Weight (kg) | 1,021 1,327 1,601 1,739 1,206 1,346 1,206 1,396 1,731 1,851
Transmission AT-4 AT-4 AT-4 AT-5 AT-5 AT-4 AT-4 AT-4 AT-5 AT-6
Mileage (km) 45,010 58,310 49,243 59,420 | 125,549 | 108,876 | 148,921 | 200,832 | 225,934 8,084
Test EVF/EM | EVF EVF EVF EM EM EM EM EM EM
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where,

EVF : Exhaust volume flow (m’/min)

Diluted CO; : CO, conc. in diluted exhaust gas (%)
Raw CO; : CO; conc. in raw exhaust gas (%)

A4 : CO; conc. in dilution air (%)

CVS flow : Diluted exhaust gas volume flow through

critical flow venturi in CVS (m*/min)
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Fig. 2 Comparison of exhaust volume flow measurements using
tracer method and Smooth Approach Orifice (SAO) in
different dilution ratio(D/R). Test vehicle is V5
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where,
EVF : Exhaust volume flow (m3/min)

IW : Inertia weight (ton)
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Fig. 6 Comparison of mass emission results using (a) CVS-bag measurement system, BAG and I/M emission measurement
system with measured exhaust volume flow, MODAL(m), (b) MODAL(m) and estimated exhaust volume flow,
MODAL(e)

Transactions of the Korean Society of Automotive Engineers, Vol. 17, No. 5, 2009 103



Taewoo Lee - Jihoon Keel - Ju

Table 3 Coefficients for equation (4) to estimate mass emi-
ssion factors. Applicable for ASM 2525 test cycle,
gasoline fueled vehicle with inertia weight 1.0 ~ 2.2

ton
i A B C
Co, 4638 -3.730 13.653
co 32.952 2374 8.689
THC 9.1x10™ -73x10™ 2.7x10°
NOx 4.8x10" -3.9x10™ 1.4x10°

8] 9] CF gk o|atstehs, Aakstel s, ebslg 2,
A2AbsHEo| &) 2+2) 1.00, 1.24, 2.05, 1.03 0]t}

EM, = EC,x(4,-IW* + B,-IW +C,)x CF, @

where,

EM : Calculated raw emission (g/km)

EC : Measured raw emission in unit of % (CO; and
CO) or ppm (THC and NOx)

CF : Correction factor for raw gas analyzer

IW : Inertia weight (ton)

Subscript i = CO,, CO, THC , NOx
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Table 4 Comparison of mass emission factors from this test
and Korean national emission inventory program

Description This test K.O rean Pational
emission inventory
Test cycle (type) ASM 2525 NIER 91~15
(Steady State) (transient)
Emission level | CO | 0.021~0.861 0.262~1.567
THC | 0.013~0.184 0.010~0.172
NOx | 0.067~0.906 0.037~0.630
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