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Abstract :

The reduction technologies of exhaust gas from both the off-road engine and on-road vehicles are impor-

tant. It is possible to apply various combustion technologies with engines after the application of a treatment technology
to this field. In this study, main injection timing, pilot injection timing, and exhaust gas recirculation (EGR) rate were
selected as the experimental parameters whose effects on the emission of exhaust gases and on the fuel consumption
characteristics were to be determined. In the experiment, the emission of nitrogen oxide (NOx) and Smoke, and the
Torque at the same fuel consumption level, were measured. The experimental data were analyzed using the Taguchi
method with an L9 orthogonal array. Additionally, analysis of variation (ANOVA) was used to confirm the influence of
each parameter. Consequently, the level of each parameter was selected based on the signal-to-noise ratio data (main
injection timing, 3; pilot injection timing, 3; EGR rate, 2), and the results of the Taguchi prediction were verified
experimentally (error: NOx, 10.3 %; Smoke, 6.6 %; brake-specific fuel consumption (BSFC), 0.6 %).
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Nomenclature

SN :signal to Noise ratio, db
DF  :degree of freedom

SS : sum of Squares
MS  :mean square

F : family

P : P value
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Where y : characteristic value, 3 : mean of square,

o : standard deviation, n : number of experiment
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Table 1 Specification of test engine

Type 4 stroke / 4 cylinder
Displacement volume (cc) 3,621
Bore x Stroke (mm) 98 x 120
Intake system Turbocharger (WGT), Intercooler

Type of fuel injection CRDi
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Fig. 1 Schematic of experimental apparatus
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Table 2 Design parameters and levels

Main timing [X1] | Pilot timing [X2] | EGR rate [X3]
[deg. (CA from 0
[deg. (CA)] Main timing)] 0%l
1 TDC 15 0
2 BTDC 5 20 10
3 BTDC 10 25 20

Table 3 Orthogonal arrays for DOE - Lo (33)
No. X1 X2 X3
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Table 4 Sensitivity analysis for parameters affecting NOx emission

. . Effect Deviation
Design variable Levell Level2 Leveld (Delta statistic) Percentage (%) Rank
X1 -52.95 -50.25 -47.29 5.66 38.29 % 2
X2 -49.82 -50.38 -50.30 0.56 3.79 % 3
X3 -53.98 -51.10 -45.41 8.56 57.92 % 1
Total 14.78 100 %
Table 5 Sensitivity analysis for parameters affecting Smoke emission
Design variable Effect Deviati(-)n‘ Percentage (%) Rank
Levell Level2 Level3 (Delta statistic)
X1 -23.84 -20.60 -19.24 4.59 21.89 % 2
X2 221.11 -21.55 -21.02 0.53 2.53% 3
X3 -13.86 -20.10 -29.71 15.85 75.58 % 1
Total 20.97 100 %
Table 6 Sensitivity analysis for parameters affecting Torque
Design variable Effect Deviati('m‘ Percentage (%) Rank
Levell Level2 Level3 (Delta statistic)
X1 48.01 47.61 46.88 1.13 66.08 % 1
X2 47.44 4747 47.59 0.15 8.77 % 3
X3 47.69 47.56 47.26 0.43 25.15% 2
Total 1.71 100 %
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Table 7 Results of ANOVA (NOx)

DF SS MS F P
X1 2 48.173 24.086 42.05 0.023
X2 2 0.555 0.277 0.48 0.674
X3 2 113.904 | 56.952 99.43 0.01
Error 2 1.146 0.573
Total 8 163.777

Table 8 Results of ANOVA (Smoke)

DF SS MS F P

X1 2 33.393 16.697 4.82 0.172
X2 2 0.479 0.239 0.07 0.935
X3 2 382.589 | 191.295 55.24 0.018
Error 2 6.925 3.463

Total 8 423.387

Table 9 Results of ANOVA (Torque)

DF SS MS F P
X1 2 1.9569 0.97845 | 162.31 0.006
X2 2 0.03663 | 0.01831 34 0.248
X3 2 0.29585 | 0.14792 | 2454 0.039
Error 2 0.01206 | 0.00603
Total 8 2.30143
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Table 10 Verification of prediction of emission
Prediction value Experimental Error
value
NOx (ppm) 246 274 10.3 %
Smoke (%) 8.73 8.19 6.6 %
Torque (Nm) 224.6 2259 0.6 %
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