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ABSTRACT

The emission standard of diesel engine on the construction equipment has been rapidly enhanced in advanced
countries, because most of air pollutions was caused by construction equipment. So, all of the construction

equipments will be tested for emission with standard measurement mode. But, the standard measurement
mode of construction equipment is different for non-road and one for the road in korea. This study was con-
ducted to measure emission characteristics of the construction equipment with changed standard measurement

mode and to improvement the emissions experimentally.
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Fig. 1. Engine Emission evolution in Euro
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Table 1. Emission standard of construction equipment

in Korea
Year | CO | NMHC | NOx | PM Mode
2004 | 5.0 9.2 1.3 | 0.54 KC1-8
2005 | 3.5 6.4 0.2 KC1-8
2009 | 3.5 4.0 0.2 ISO8178 C1-8
2015 | 3.5 | 0.19 0.4 |0.025 | NRSC & NRTC

*¥225 kW 7]l ek, o9 gkWH

3 A (EPA)Q] Tier 31} 83 ECX|2l(Directive 97/68/
EC)9] EU StagelllA®} L3 7|2 09 FE #
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Table 3. Specification of test engine

Cylinder type In-line 6
Table 2. Emission standard of heavy-duty truck in Korea Cam type DOHC
Year | CO | HC | NOx | PM Mode Max. Power (kw) 199 @ 2,300
~19%9 1 49 | 12 | 60 | 025 D-13 Max. Torque (kgf - m) 112 @ 1,200~1,700
2000 3.0 1.0 6.0 0.20 D-13 Max. Speed (rpm) 2,350
2001 3.0 1.0 6.0 | 0.15 D-13 Bore x stroke (mm) 108 x 130
2002 2.1 066 | 50 | 0.10 ND-13 Displacement (cc) 7,142
2006 L5 | 046 | 35 | 0.02 ND-13 Compression ratio 18 : 1
4.0 0.55 3.5 0.03 ETC Injection order 1-5-3-6-2-4
5009 1.5 0.46 2.0 0.02 | ND-13(ESC) Injection device Common-rail
4.0 0.55 2.0 0.03 ETC Idle speed (rpm) 700 £ 50
1.5 | 0.13 | 040 | 0.01 WHSC Aspiration TCI
2014 4.0 0.16 | 0.46 | 0.01 WHTC After treatment SCR
zak 1 2018y 23} 7|2, ©¢ gkWH Emission regulation Euro-V
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Table 4. Emission test result of test engine
cO : 0.06
ESC HC : 0.000
(g/kWh) NOx 135
PM : 0.018
Emission co : 0.08
ETC NMHC : 0.000
(g/kWh) NOx : 1.67
PM : 0.018
ELR (m™) 2 0.17
Fig. 3. SCR Catalyst for NOx reduction.
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Fig. 2. Test engine and EC Dyno.
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Fig. 4. Characteristic of engine performance.
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Table 5. Test Condition for Standard Mode
ESC Mode ISO 8178 Cl
) |en | e | b
700 Idle 15 2300 100 15
1418 100 8 2300 75 15
1736 50 10 2300 50 15
1736 75 10 - - -
1418 50 5 2300 10 10
1418 75 5 1600 100 10
1418 25 5 1600 75 10
1736 100 9 1600 50 10
1736 25 10 - - -
2054 100 8 - - -
2054 25 5 700 0 15
2054 75 5 - - -
2054 50 5 - - -
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Fig. 5. Emission test result of ESC Mode.

mKorea mStagelllA wmStagellB =StagelV mTest Eng.

Emission [glkWh]

co HC NOx NOx+HC PM

Korea 35 4.0 0.200
StagelllA 35 4.0 0.200
StagelllB 35 0.19 20 0.025
StagelV 35 0.19 04 0.025
Test Eng. 0.354 4588 0.029

Fig. 6. Emission Test Result of ISO8178 C1.




46 FHE - F5E - olF
CI engines ESC Cycle ESC RCO  ®wHC  @NOx
8% 9% 8% 7
100 600
E_ 500
(=%
I I 7 o
% certification 9
s 50 personnel g 300
- ©
£ 200 |
w
25 100
15% . ‘
0 _® ' 1 2 3 4 5 6 7 8 9 10 11 12 13
50
) Test Cycle
Idle Engine speed, % . . L _
Fig. 8. Comparison of emission characteristic by ESC
C1 engines 1508178 C1 Cycle test cycle.
= A 10% 15%
< 100 5 1 1508178 C1 mCO mHC @mNOx
=
g 75 (o)-10% 7) 15% ZZ 7
. 10% 15% -
50 O 3 E w0 |
o
25 ‘@ 200 -
10 15% 2) 10% 8 ]
©; g
40 60 80 100Pg oy E ?
Low idle Intermediate Rated £ 200 1 g
speed speed speed w é
100 é
Fig. 7. Comparison of emission test cycle[6]. R U
1 2 3 5 6 7 8 11
=lof T AA71AE A vl 514 7)%A2} v Test Cycle
1 A] 10~15% £=Fo 2 58 7|2 E9ghe 3ol Fig. 9. Comparison of emission characteristic by 1ISO-
shgich Wkl shega W AastslEel 84 ) 8178 C1 test cycle.
FA= 4.0 gkWho 2|5t AJE i dxloA &4
= W EFL 459 gkWho 2 7|25 15% 2113} 715%) 25%~100%71A] 25%% W AIA F 1374 &
=gz gagrh webd AY oy dde = A 2des Ay,
W A47AE AR BE o4 7|EAE wEst IS0 8178 Cl HES] 4§ ESC mESL FRE o] ol
X Tte] gao] BbsR Agtolch AW Ak Al Aol A Hd4 =AY &Y 24 A
Zo] EuroV AIE W3k Aoz st ol 23] 60%~80% Atelof A qllxl Hof EA
ISO8178 C1 == AJo w& Eurolll =9 vi& 7h AR IALRE ASE 27X R Rt
7t B 712 20T ol AlY BES Afo] A B8} 50%-100%7HK] 25%4 WAAA F 8
oAl WA s Aatolw, Az o] o Eefo] A M & 2o 8 FAET
He AW 855 gl 14 T7hel A WaAleE Fig 82 ESC BE A Fofl 23¢ 2 me @
of Mj% EA wjE=o] WEVIE & VEE 22 HjE7kA Folw, Fig. 9= 1S08178 C1 =& AlE
3 Ao WobELh Fig 72 4% AHE FEAR Y o) 24 2 wE @ wEvle sEold ddm
Alo] AX7A A Z= =28 AR W&/t A I Z AnHEHY, 1S08178 Cl1 RE9] 1~4 FL7toA &
ZAWREQ ESC BE ART 2R g Ao £ 2SR WjE 557 Lo AL B 4 9ltt of

ZA¥mE0] ISO 8178 Cl BE A|dol &4 =74
< A 3K L Hoto] whep JsZE FAg A
ojt}.

ESC =X F34d 27& Zasal qlzle]
o s H4E AQe H A4 75% LA o Al
AR A4E 327 o2 FRepL A HsHEZ

aid ol dlxe] Hof &3 3K 2,300
pmO 2 SHEE JHO 2, EuroVe EEA| RS
ol ETC9} ESC B= Ao A AME-E|A] ¢k <l
3| A4 g go]7] Wil SCR Eufjof HAMEE 24
(Urea)o] BAlef Bz o= ola) AAslE A7d

go] graste] Uehts Zutr Amd.



AANAE ARG s FEAFEE w2 wj&7tEs 54 2 714 47

1508178 C1 - Re Cal. ~CO mHC aNOx

w
=}
=]

B
=}
=]

w
Q
=]

Exhaust Gas [ppm]
15
(=}

=
=]
(=]

o

Test Cycle

Fig. 10. Comparison of emission characteristic after
ECU Re-Mapping by 1ISO8178 C1 test cycle.
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Fig. 11. Emission Test Result by ESC test cycle.
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