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Abstract : The current emission control system of a 125 cc motorcycle were investigated to find issues in the develop-
ment of the three-way catalyst(TWC). Emissions and TWC performance of the 125 cc motorcycle were analyzed using
world motorcycle test cycle(WMTC). In addition, the conversion efficiencies and light-off temperature(LOT) of the
TWC were measured in a micro reactor. EURO-4 regulation was met by the 125 cc motorcycle. NOx and CO
emissions, in particular, were lower than Euro-5 regulation. However, further reduction in total hydrocarbons(THC)
emission was required to meet EURO-5 regulation considering deterioration factors. Accurate lambda control and TWC
improvement are required to meet EURO-5 regulation. In WMTC mode, the 125 cc motorcycle was operated at a rich
condition for 64 % of the operating time. Rich condition is adverse to THC conversion. C3Hg, a representative of THC,
showed low conversion and high LOT when operated at a rich condition. Therefore, Lambda control and TWC must be
modified to improve THC conversion at a rich condition.

Key words : Three way catalyst(3H = ml]), Motorcycle(©]-& %), Exhaust emissions(¥]& 7}22), Air to fuel ratio
characteristic(3 18] 54d), EURO-4(-=-4)

Nomenclature .M E

EUDC : european driving cycle o] FAE T8RO AFFT QA e oA

WMTC : world motorcycle test cycle E4E wiEsta vk suloll 5&5% ol & =

THC  : total hydrocarbon k2169 2 T &5 A5 A5 10 %S A3

0SC : oxygen storage capacity I Yo HhA) o] GExo A M EE = LEEELS 5

A : lambda SR & F] 25-35 %S X FLY ol 58

GHSV  : gas hourly space velocity 2tol] Bl af o] F2t7k 5u o] o] th7] e A EH S vl

LOT : light-off temperature Eohe AT 2

PGM  : platinum group metal olE Al A HlE T = LI EES Fol7] 9181
W E A7 sl 1 A2 T elS vhed ok
=7 = = ATh Table 12 o] & xbsx}e] vl 7]
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Table 1 Emission regulation
NOx (g/km) CO (g/km) THC (g/km)
EURO-3 0.15 2.00 0.30
EURO-4 0.08 1.14 0.17
EURO-5 0.06 1.00 0.10

b v &S 7S YERItE 20179 19 19 F
Bl =] o] &k wiE 1 Al7F EURO-4 2 7315 310
;2020 d 0l = EURO-57} =414 oA olt} Fa
=X ECE40+EUDC(European Driving Cycle) =0l
M AR FYPIE-S vkgd $ WMTC(World Motor-
cycle Test Cycle) = =71 =] = Aok vl 7| 5FA] 733k
o WMTC R=9] 9]0 & o]Fxle] wj7] 7k A

719 el A w3k
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Fig. 1 Schematics of micro-reactor for three way catalyst

Table 2 Gas compositions of lean and rich conditions for
micro-reactor test

Table 3 A distribution and exhaust compositions of 125 cc
motorcycle during the WMTC mode

0, | CO, | HO | NO | CO | CsHg
) | ) | (%) | (epm) | (ppm) | (ppm)

Percent | CO; H,O 0, GHSV
(%) (%) (%) (%) (hh

Lean 0.21

A<0.85 0.57 15.04 | 15.51 0 29,000

: 5 10 | 300 | 2,000 | 1,000

Rich 1.30 0.85<A<0.95 | 1041 | 15.15 | 1558 | 0 | 25,000

0.95<A<0.992 | 53.11 | 1522 | 1562 | 0 | 57,000

= o = B 0.992<A<1.05 | 23.82 | 15.04 | 1543 | 032 | 49,000

;jfijiz ﬁzij fﬂ;;};j :’1232 1.05<A<1.75 | 2.10 | 12.74 | 13.06 | 4.10 | 15,000

=4 =AdH=E °le A>175 999 | 888 | 9.1 | 1043 | 10,000
E393 7t~E Hy0 trapoll A FES $FA1Z &

FTIR(Fourier transform infrared spectroscopy, MKS
Instruments Inc.)oll A AMEH U B H == 4435}

AT
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Table 3& 125 cc ©]F 29 WMTCEE &4 F A
Al LA RE, 7k 24 2 AR Sl
Hel grsmolth wy)ka 2AE ~sERT B
A8 BAFES AZES ufR O F CO, H0 20, 55
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0.992¢2! iZﬂ 1 64.09 %= x}#] 3} Rich3F & 2] H]
o] =3kt A A8 125 cc o] FAoll = D45
1 Ahd 5 2717 A 85 of ek Ak
Zujjo| o] FZFEI=(Gas hourly space velocity,
GHSV)E W 7]-fr 23} Sof) F-39] & vie o 2 Al4ks)
Atk 125 cc o] F=12] 4+l Zv)= GHSV = 10,000h
4] 57,0000 AFol ol A A E ATk F= 22 A
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Table 4 Light-off temperature of NO, CO and CsHg over
commercial three way catalyst of motorcycle

NO CcO CsHs

LOTS0 Lean - <154 163

(°C§ Rich 220 169 307

Lean-rich 176 <164 177

LOT90 Lean - 184 304
o Rich 328 - -

(°C) -
Lean-rich - 210 334

B o A= Lean-rich %5 7HAS 122 AA 5}
of At EF vl o] M7 LOTE SAH s

Fig. 49} Table 4°lli= Lean, Rich, Lean-rich==71 ]|
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Z7 0] A= 328 °Coll A 90 %] NO A 385 1.3l
th o] ol A= NO°o| F7dH th= CO9 CHeok
o] Hk-g-of] o3| W= A NO 9] Z ko] o] Fof=]= 3
el

e
W ir O

}L oo o U

ot

Fig. 4(b)9} (c)9} %] CO%f C3He AFA
°] W& Lean, Lean-rich, Rich £ 0.2 =& H2
St} Lean 2713} Lean-rich 712180 °C ©] 3}l

*1 CO9} C3He®] LOT500] =281 9d Tk 3FA] vk, Ak
7} 523k Rich 4= 450 °C7FA] CO%} C3Hg
o] A &8-0] 90 %ol =2shA| X3kt Tk Rich
Z7 M= CO7F CGHe RO Wb 2ol A 23y

to oft

g o o
L o ol

_|_,

B

Transactions of the Korean Society of Automotive Engineers, Vol. 25, No.6, 2017 715



07} CsHe T} A 2ol A a4l A
o]Foixl Atolrt. cO9l A
300 °C OWOML Haskdeh ¥HE, C3He
ARE o] 39 7}l A

=

‘T T:Q_E‘_Z

e A s

o] F7halsck

3.3 WMTCE2EOAMQ| AIF0l 2FSY
Fig. 5% 125 cc ©]E2F2] WMTC E =9 A] NOx,

CO ¥ THCO| vi&E =& YepT 7] 80714
+ NOx, CO ¥ THC7} Svll f-5-¢} Aglo] 5
3 Fr R HjESHT o2 A =7 LOoTd =
3l7] el A= 2k 80 A7}t A8 HS VERTH
802 ©] Foll = NOx, CO 2 THC7} 41 Z vl ol 4] A
e As & Ak AT 80 o] %ol &= 200
%, 620%, 840% 2 950204 NOx, CO % THC<2]
& o] 2 F7lekAth id G = WMTC &
oA 40 km/h ~ 60 km/h 2 & A E = o)
th Sui7t gl Aol A & = glxo] g1l
A ARl A #lE 5= NOx, CO 2 THCS] %27}
F7kstel. =3, w7 S Sl 33
£w=7} 2718k %8 NOx, CO 2 THCO] 5=

AL Zujj ol A 2] Aske-S 7F A It

g
CRis =

O

Fig. 6-= 125 cc ©] & 2] WMTC ZE=o| A Sl
Agehe] 225 vehdch dd 2= w77k
LR odlRle] AEx71 o) Wso] At} B,
T 2re Fue] d&7Fol o] HHd] T2
a1 W5o] Atk 602~70 %00 A HE-1E= 252 °C
o A 378 °C= 23] F7gict ol AHAdZEu)7}

LOTH| =2slHA &8 epdT) 2002 o] 54
= & S| 2571320 °C oo R FAHTh
k80032 o] %ol a1 oA Ttk -2%7}1500 °C
JolQlou} A Fm 7t S 13gS Holx

ol A 125 cc o]l &2}2] wiE
?‘z} 125 cc ©]F %= EURO-471A|
A& {P%—%}“E‘r sHAIEE, 70 %] EstAlTE 1
$F EURO-55 RF=38}7] 98l 4= THC W& 2] A
g slth 53], obA 2 A3 2ol A w2719}
@A LAs= THCZF A3HE ofoF &

ol Al Alols] 4I5S A 0] 85t

7}o

d

sea

muigy

716 BIRNSAIH=2E MasA FMes, 2017

o|&t-

T T T T T T T
1204 | —— w/o Catalyst (Dummy) E
—— w/ Catalyst | i
1004 E
80 E
£
g 60 E
3
Q 40 E
20 — L\RM;K: \ ]
0 AN
-20 T T T T T T T
0 200 400 600 800 1000 1200
Time (s)
(a)
1600 T T T T T T T
] —— wlo Catalyst (Dummy)| |
1400 —— w/ Catalyst
1200 -
1000 ( B
g_ 800 - E
2
o 600 \‘ §
o 1
400 ‘ e
200 4
0 i
-200 T T T T T T T
0 200 400 600 800 1000 1200
Time (s)
(®
600 T T T T T T T
—— w/o Catalyst (Dummy)
500 L——W/ Catalyst i
400 B
£ 300 _
=
[$]
I 2004 4
100 4
04 i
T T T T T T T
0 200 400 600 800 1000 1200
Time (s)

(©
Fig. 5 Emissions of 125 cc motorcycle during the WMTC

mode (a) NOx (b) CO (c) THC
Al A= Lean ¥t -G A& S7FA1 7171 0SC
49 54 neFAN A HF At as
sl A E o A= LOTE A skl 4571 7N
A EAL s Mstelof st} E3], Rich 2o A&
T% 7] 71 Wkg-0] THC &kl 5.3 H -5 3irh



125cc O|EAISXte| HETIAS} 2

T T T T T T T
600 L— Outlet

500 E
4004 E

3001 s

200+ B

Temperature (°C)

100 E

04 .

0 200 400 600 800 1000 1200
Time (s)

Fig. 6 Catalyst temperature of 125 cc motorcycle during the
WMTC mode

Table 5 Emission result of 125 cc motorcycle

NOx (g/km) CO (g/km) THC (g/km)
w/o catalyst 0.546 2.778 0.481
w/ catalyst 0.043 0.424 0.083
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