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Abstract : Not only the emission regulation of on-road vehicle engine, but also emission regulation of off-road engine
have been reinforced. It is the reason of wide application of emission reduction technology for off-road engines. In this
study, optimization of engine parameters (Injector hole number, Injection timing and EGR rate) for reduction of NOx
and smoke emissions were conducted by using the analysis of sensitivity and S/N ratio of Taguchi method(DOE). As
results, this paper shows optimum value of the parameters for NOx and smoke emission reduction. From the result of
reproducibility verification, it is final that the prediction value of NOx and smoke has the error of below 10%.
Consequently, the method and results of this study will be used for quantitative reference to EGR control mapping in

next study.

Key words : Design of experiment( & 7] 2 ¥), Exhaust gas(8l7]7}22), Taguchi method(TH4 W), Exhaust
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Where y : Characteristic value, y* : Mean of square,

o : Standard deviation, n : Number of experiment
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Fig. 1 Schematic diagram of experimental apparatus

Table 1 Specification of test engine

Type 4 stroke / 4 cylinder
Displacement volume [cc] 3,409
Max power (PS/rpm) 82/2,500

Intake system Intercooler

Type of fuel injection DI-injection

Table 2 Design parameters and levels

Level 1 | Level2 Level 3
Injector hole number [X1] 5 6 6
Injection timing [X2] TDC | ATDC2° | ATDC 4°
EGR rate [X3] 10% 15% 20%
Table 3 Orthogonal arrays for DOE - L (3°)

No. X1 X2 X3

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 2 1 3

8 2 2 1

9 2 3 2
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WA Gl e BAS s A AEAY e 2 QA7 FFe Frhs hde] AR BE
o] AHE-E| 1 o m] AFte] tste] EAHEA] Y S/N H] S 55351 P value < 0.05 2 B 5% 2] ol A
4] o] A ¥ AT Table 4 B Table 5= A2 7 o sttt yebst e kA =37k SN H] 24 A3t
o TR SN U 4] Atz 2} el AN
2 el = Qe g8k a2 Eaksic) Table 6 Results of ANOVA (Analysis of variation) (NOx)
= DF SS MS F P
s AR Z AN ZF 2 x}7) vl 7| 72 vl Sl
(_)Hj 5o I = - L} 1717t o HOE ] X1 2 5.581 2.7904 80.43 0.012
1A= g o= NOxell H 3l TAV\W 7FeF4T% = X2 | 2 | 13782 | 68908 | 19863 | 0.005
7P =2 MIRES 7Y, A £ 9L EGR & X3 | 2 4268 | 21340 | 6152 | 0.016
ol A== A7) ¢F 26%, 25% = H]|S2%k 0 2 Error 2 0.069 0.0347 - -
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Table 4 Sensitivity analysis for parameters affecting NOx emission
. . Effect L -
Design variable Deviation (Delta statistic) | Percentage [%] Rank
Level 1 Level 2 Level 3
X1 -42.31 -44.00 -43.96 1.69 26.57 2
X2 -45.04 -43.20 -42.04 3.01 47.33 1
X3 -44.34 -43.26 -42.68 1.66 26.10 3
Total - - - 6.36 100 -
Table 5 Sensitivity analysis for parameters affecting smoke emission
. . Effect L -
Design variable Deviation (Delta statistic) | Percentage [%)] Rank
Level 1 Level 2 Level 3
X1 -7.660 -6.016 -5.529 2.132 34.82 2
X2 -7.051 -6.714 -5.440 1.611 26.31 3
X3 -5.198 -6.430 -7.578 2.380 38.87 1
Total - - - 6.123 100 -
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Table 7 Results of ANOVA (smoke)

DF SS MS F P
X1 2 7.486 3.7428 5.68 0.150
X2 2 4335 2.1677 3.29 0.233
X3 2 8.503 42513 6.45 0.134
Error 2 1.318 0.6591 - -
Total 8 21.642 - - -
o AR} A AFE e ol o)
Aol FallA = ZF AAbol]l Wz P value?} 25 0.05
oo R ALt AE Holi=d| o]o] ik o] =
i AA e AL WEel mE vid wAye] F
7F 432 NOx Aol vlsf v v dgdAdo] 4
87] wow garach S S AxEe] W
sol MiA vl WX = ko] FHsirial &
= flon, 2 5o Nox-#1l<d 2+ v & HAss
S13) slape] 57 Aol A vhel vjE F ER T8

218 SN Bl 9] Hyto] o] &= = 9lon
EAY AFAZ AP SN = F
th= omjolth NOx 2ol thsh 2 =

AE] & 4, BAMA] 7], EGR &°f t3) 7}
Folm, v Aol tis A= 27t
Az} A A

oAl FARAI 7] WMEel digh
WA 712 trade off A
o, o= FAM] 7]
Aol ALY F EHakd A
3} 2 thermal NOx 24 ¢] 7+
7F2 A Aol A k= %)

A2 N
e L o
o
— O

o
i

A
o
) R o ¢ A v O VA LS I O

£

N

w

w
BNHN e

T

fr

z ol
2 —

fr
it

Ni rﬂ;
o,

olo
i\

S
Wﬁrﬁ_w
L2

f |o

Xl
N k)
o |n
LY
2 go
2 (o
=y

B

)

2

1o,

k
Nt K

o e
o &
B b

)

2
BN
e
10 i)

o 10 k1o
£

N
)
il =P
as] = o
A Mo
i
L
S %
g ® R
£l o o pE M
o ox 2

e

2

QL
L 2

88 sEXExIZEt

ol

|=2Z 23 75, 2014

I

it
1
0
02
for

Injector hole number
-5.5
60 //‘
-6.5
-7.0
-5
1
EGR rate

55
-6.0
1 2 3

Injection timing

2 5 1 2 5

Mean of SN ratios

Signal-to-noise : Smaller is better (Smoke)

Fig. 2 Signal to noise ratio analysis (smoke)
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Fig. 3 Signal to noise ratio analysis (NOx)

Table 8 Verification of prediction of emission

Prediction | Experimental
Error
value value
NOx [ppm] 117.3 129 -9.07%
Smoke [FSN] 2.052 2.185 -6.09%
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