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Abstract

As exhaust emission standards for new passenger cars amended in 1987 have become more stringent, vehicle

manufacturers have employed three-way catalyst in order to meet these requirements.
The purpose of this study was to gather informations on new emission control systems in customer use for

in-use vehicle emission control strategies.

128 vehicles from the 1987 through 1992 model years were sampled and tested by CVS-75 test procedure as
received. The test results indicated that vehicles equipped with these systems were capable of achieving low
exhaust emission levels although high levels do occur due to defects, deterioration or maladjustments with the

emission control equipment. The vehicles with closed loop electronic control fuel injection system emitted low

exhaust emission, but the carburetor control system equipped vehicles emitted high exhaust emissions and the

high mileage vehicles exhibited higher average emissions than low mileage vehicles.
It was also found that the useful life of 80,000km is very important to maintain the low emission levels

within customer service period.

1. M B

Selugte 19809 A AR W&k FAE AAE
ol 1987d 7HFH IIf F AFHKIIA(LPG
;liquified petroleum gas)E AR 3he 841 sl
Me A =g e FEY JAT MErts FHerE
o2 Zeac (@734, 1992).

AEA AR AR E7tE HEEE UEA
7171 st AANFL E2 FAY AAY HLENH
g A3 AF AFAE RFEHT 2R

A2 Agae AAANZ sl eFgEAL AUz 2
o]3L w7 el Fa Ee Ao 28] Yikate(CO)
9 @3 A(HC) = @7t (CO) 9 E(H.0)E At}
AL HAMEE(NOX) S AA(N)E 8YA7| 2 9l
t}. olmf CO, HC % NOxZ Zujo) s FAe A
A7171 fEM e Tl A8 diA] o] 2B aH]
FHE FAB Folok st7) wjEel wir]He) AR
(O; sensor)& ¥-33o] AdAFRE 248 1 A%
& AxAZAFA(ECU; electronic control unit)d)
Byl 3719} 989 & 2EEL 3om NOxE &
ol7] A w717k A=A A (EGR;exhaust gas

J. KAPRA Vol 11, No, 2(1995)



154 =3 - PFE - FH

ey
i)
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Table 1. Emission control system for test vehicles.
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Type of control

Model Displ(a Ccce)ment Fuel system Closed Open Three-way EGR
loop  loop catalyst
Pride-EGI(A-EGI) 1323 MPI 0 o X
Pride-Carb. (A-Carb.) 1323 Carb. 0 o o
Leman-TBI{(B-TBI) 1498 TBI 0 o o
Excel-MPI(C-MPD) 1468 MPI 0 o) [
Excel-Carb. (C-Carb.) 1468 Carb. o 0 0
Sonata-MPI(D-MPI) 1997 MPI 4] o 0
Concord-EGI(E-EGI) 1997 MPI o o 0
Stellar-Carb. (F-Carb. ) 1499 Carb, 0 o 0
Concord-LPG(G-LPG) 1789 Carb. ) o 0
Prince-LPG(H-LPG) 1997 Carb. o ) o
Sonata-LPG(I-LPG) 1997 Carb, o o o
Stellar-LPG(J-LPG) 1597 Carb. o o o

MPI; Multi point injection

FHP7I A EGHA Al A2

TBI; Throttle body injection

Carb. ; Carburetor
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Table 2. Average exhaust emissions from in-use passenger cars equipped with three-way catalyst for 1990 or later
model year.
CVS-75 test
Vehicle  No.of Mileage F standa}rd
uel meeting
category sample (km) CO HC NOx economy (%)
(g/km) (g/km) (g/km) (km/1)
A-EGI 7 45,904 1.96 0.18 0.18 14.30
(25219-71097) (0.73- 4,08) (0.05-0.35) (0.05-0.7) (13.12-15.54) 57
A-Carb, 4 35,562 7.88 0.52 0.21 13.82
(23809-54700) (2.93-11.4) (0.17-0.83) (0.09-0,34) (12.95-14,24) 0
B-TBI 10 49,915 2.87 0.17 0.24 12,31
(20053~74619) (1.56- 5.00) (0.11-0.21) (0.17-0.37) (10.92-13.29) 20
C-MPI 10 48,935 1.63 0.20 0.25 13.26
(20358-78000) (0.95- 2.92) (0.15-0.29) (0.14-0.33) (11,29-15.04) 80
C-Carb. 7 33, 326 5.16 0.47 0.44 12,76
(20427-64095) (1,90- 6.36) (0.16-1,44) (0.08-1.95) (10.64-13.44) 14
D-MPI 9 56,703 1.78 0.23 0.31 10,37
(39101-75688) (0.93- 2.35) (0.17-0.32) (0.19-0.63) (9.37-11.41) 56
E-EGI 4 50, 206 1.81 0.21 0.44 11.32
(29659-78000) (1.08- 3.10) (0.03-0.45) (0.06-1.01) (10,07-12,52) 75
G-LPG 8 59,037 4.76 0.55 0.40 9.28
(46752~79747) (0.48-12.93) (0.29-0.90) (0.09-0.60) (8.32-10.12) 0
I-LPG 8 56,995 2.82 0.30 0.38 8.31
(42512-80000) (0.93— 7.49) (0.16-0.46) (0.25-0.66) (7.84— 8.84) 25
Weighted 67 - 3. 14 0.30 0.31 37
average
MPI 40 50,525 2.05 0.20 0.27 - 55
Carb. 11 34,139 6.14 0.49 0.36 - 9
LPG 16 58,016 3.79 0,42 0.39 - 13
Emission standard 2.11 0.25 0.62 - -

MPI=MPI+EGI+TBI
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Fig. 1. Average exhaust emissions as percent of

standards for 1990 or later model year.
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Fig. 2. CVS test results as pass/fail outcomes individual

vehicle categories for 1990 or later model year.
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Fig. 3. Emission level of all test vehicle for 1990 or

later model year.

2 B E715E TEAT L Aen e ZAFA] Qo
ME 40dF 227t 7o HgEd NEHEE
(standard meeting, %)< 55%gch. 28 7134
A 2FEaE 110 g Fe FP A= 34, 139kmo)
o Hgd 2¥9E8F wEFLE CO 6.14g/km, HC



Mo

0.49g/km, NOx 0.36g/km=Z4] CO¢ HC& A&}
WErlx 847128 77 191% 9 96%H 2IEy 3
< wutolyz} 1149 A|EAHEAME 1d)3to] A&aL wiE
7tx # g7 AEA 7D Qlo] V&R EEL PR

E3t LPG Ao doiME 16t HaFdgAee
58,016kme|® 3 2FEA w|EFE CO 3.79g/
km, HC 0.42g/km, NOx 0.39g/km=z4 CO$%
HCE Az wj&rts 3871858 27 80% % 68%
z387 Qe 169F 2tigto] A=} W&k 3§
7128 BEAFL U] 7tE ATEL 13%AT

¥ 29 deZ3iddE g 29EZR MEHE A

A Wz 847123 vze

WSS 73 10 Jepi

o J|1Ez AEAE 71EESt LEEAE FANE
2324 Yeigleh 2812 7t A5 AdAEA 24
9 2¥Ed WEFES 28 39 Yehisith 29 390
A B4 e uke} Zo] MPIL Agate LEEZ W ¥

Table 3. Average exhaust emissions from in-use passenger
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cars equipped with three-way catalyst for 1987 to 1989

model year.
CVS-75 test
Vehicle  No.of Mil meeting
ehicle 0.0 ileage Fuel
category sample (km) CO HC NOx ecorlll:my star(xi)a;rd
(g/km) (g/km) (g/km) (km/D)
A-Carb. 10 51,290 11.76 0.71 0.12 15,07
(28000-73800) (4.15-20.66) (0.35-1.37) (0.07-0.25) (14.34-16.57) 0
B-TBI 10 49,013 4,51 0.28 0.49 14,37
(22000-77632) (3.10-9.36) (0.18-0.60) (0.29-0.84) (13.83-15.19) 0
C-MPI 8 45,229 4,78 0.37 0,32 13,87
(26967-70132) (0.91-9.87) (0. 16-0.82) (0.10-1.42) (12,.35-15,02) 39
F-CARD 6 53,559 5.59 0.23 0.44 11,10
(38200-80000) (3.21-8.81) (0. 12-0.41) (0.10-0.63) (10,29-11.63) 0
G-LPG? 9 161, 056 3.99 1.14 0.91 10.13
(81833-203077) (0.64-8.82) (0.60-2.23) (0.23-1.88) (8.57-10.80) 0
H-LPG?® 12 119, 900 4.96 0.72 0.60 8.23
(89897-142270) (0.71-8.06) (0.21-1.63) (0.24-1,55) (7.65-8,72) 0
J-LPG¥ 6 196, 218 3.60 0.65 1.30 9.96
(144235-253616) (2.45-7.13) (0.30-1.61) (0.10-3.46) (8.21-11,87) 0
Weighted 61 - 5.76 0.61 0.56 5
average
MPI 18 47,331 4,63 0.32 0.41 = 17
Carb. 16 52,141 9.45 0.53 0,24 - 0
LPG 27 150, 578 4,33 0.84 0,85 - 0

D Passenger cars equipped with three-way catalyst produced in 1987.7 to 1989.12 was not applied
80,000km of useful life
» Mileage of LPG Taxi was over 80,000km of useful life
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Table 4. Excess emission rate of vehicle not applied useful life compared to vehicle applied useful life.

Excess emission rate (%)

Kind of vehicle Fuel supply
CO HC NOx
Total - 83 103 81
Gasoline vehicle MPI 126 60 52
Carb. 54 8 A6T
LPG Taxi Carb. 14 100 118

Useful life not applied—Useful life applied

100

* Excess emision rate(%) = Useful life applied
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Fig. 4. Average exhaust emissions as percent of Fig. 5. Emission levels of all test vehicle for 1987 to
standards for 1987 to 19898 model year. 1989 model year.
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Fig. 6. Trends of registered vehicle according to fuel
supply technologies.
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of vehicles.
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Table 5. Calculation of emission by regression equation.
Type of Exhaust emissions
. Regression equation
vehicle co HC NOx
Regression equation Y =1.88x107°2+0.985|Y=1.81x10"52+0.086 |Y =4,03x10°x+0, 037
MPI Correlation coefficients 0.395* 0, 428° 0.431*
gasoline |Emission level at 6,400km 1.11 0,11 0.06
passenger (g/km)
car Emission level at 80, 000km 2.49 0.24 0.36
(g/km)
DF 2,24 2.18 6.00
Regression equation Y =7.34%10°2+3,376 | Y =8.02 x 10%x+0.140 | Y = 3. 89 x 10-°2+0.090
Carb. Correlation coefficients 0.618" 0.632* 0, 286***
gasoline |Emission level at 6,400km 3.85 0.19 0.11
passenger (g/km)
car Emission level at 80, 000km 9.25 0.78 0.40
(g/km)
DF 2.40 4.11 3.64
*D p<0.0l  *! p<0.05 ***: p<0.1 N: Number of test vehicles

DF: Deterioration Factor (
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