
































ANALYSIS ON THE FACTORS AND EFFeCTs OF ENGINE TAPPING Noise By DESIGN oF ExPeriMENT (DOE)
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Figure 11: Profile of Cam Surface Waviness
(Waviness Curve Maximum, WCM less than 2.0 ym </ (WM2oem ) )
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Figure 12: Profile of Cam Surface Waviness

(Waviness Curve Maximum, WCM more than 2.0 um </ (WM20um )y

Based on the results of the experiment, it is recommended that the Camshaft
Exhaust Waviness to be controlled below 2.0 pm and necessary action shall be
taken to revise specification into the recommended value.

Significant Factor Identification

According to Kim et. al [15], Taguchi method is a combination of mathematical
and statistical techniques used in an empirical study which is economical for
characterizing a complicated process. It uses fewer experiments to study all levels
of input parameters and determines the condition having the least variability as the
optimum condition. The Taguchi approach is actually a type of fractional factorial
design which requires only a partial runs that could representing the same results
as general full factorial.

Furthermore, each of the experiment condition will have the minimum
variation with the combination of control and uncontrolled factors in the fractional
design. The variability of a property can be expressed by Signal-to-Noise (S/N)
ratio where the experimental condition having the maximum Signal-to-Noise (S/N)
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ratio is considered as the optimum condition, as the variability of characteristics is
in inverse proportion to the Signal-to-Noise (S/N) ratio [15]. The generated Main
Eftects Plot for Signal-to-Noise (S/N) ratio is shown in Figure 13. For smaller-the-
better condition, further attention is given to the Signal-to-Noise (S/N) ratio which
nearest to zero in order to select the optimal parameters for next confirmation run.
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Figure 13: Main Effects Plot for Signal-to-Noise (S/N) ratio

Optimized Combination Prediction

For the optimum parameters selection, the best conditions are selected from the
Signal-to-Noise (S/N) ratio as illustrated in Figure 13 and tabulated in Table 5.
The CH DIA (Cylinder head bore diameter), SP Load (Valve spring force), Tap CL
IN (Tappet clearance intake side) and Tap CL EX (Tappet clearance exhaust side)
are selected for the maximum level. Meanwhile, the minimum level are MT DIA
(mechanical tappet diameter), Cam In Wav (Camshaft intake waviness) and Cam
Ex Wav (Camshaft exhaust waviness).
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Table 5: Response table for Signal-to-Noise (S/N) ratio (Smaller-the-Better)

Level | CHDIA | MT SP CAM CAM TAP | TAP
DIA | FORCE | IN WAV EX CLIN| CL
WAV EX

1 | 3720 |-3716] 3723 | -37.17 | -37.07 |-37.18 | -37.19
2 | 3714 [37.19] 3712 | 3718 | 3727 |-37.17 [ -37.16
Delta| 0.06 | 0.03 | 0.11 0.01 020 | 001 | 0.03
Rank | 3 4 2 6 | 1 7 5

After the optimum parameters are selected, Taguchi predictor available in
Minitab is utilized to predict the response value. Based on those optimal parameters
of the ‘maximum’ and ‘minimum’ level, the mean response value of 70.34 dB SPL
and Signal-to-Noise (S/N) ratio of -36.95 were predicted by the Taguchi Results
Predictor (see Figure 14). Obviously, the selected parameters are the best condition
or even lower for ideal engine noise level.

Taguchi Analysis: OT1, OT2, OT3, ... versus CH DIA, MT DIA, SP FORCE, ...
Predicted values

S/H Ratic Mean StDev Ln({StDev)
-36.9457 70.3375 0.450862 -0.828931

Factor lewvels for predictions
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CE M SE IN EX TAFCL TAPCL
DIA DIA FORCE WAV WAV  IN 1  EX_1
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Figure 14: Prediction of mean response value and Signal-to-Noise (S/N) ratio by
using Taguchi predictor available in Minitab software

The predicted optimized parameters are then being validated by a confirmation
run on the final sample build up according to the best combinations. Based on the
test result, actual value of sound pressure level is 70.4 dB SPL which highly identical
with the predicted value. The identical result shows that the combinations selected
for optimized engine is correct and thus all eight runs are considered successful.
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Conclusion and Future Research
Conclusion

The confirmation run result has shown that the methodology implemented
in the experiment is effective in order to find the best combinations of parameter
setting, in this case a product parameters. Based on the main effect plot, the
parameter which most significant especially to reduce engine valvetrain noise is
CAM EX WAV (Camshaft Exhaust Waviness) with less than 2.0pm maximum
waviness curve (WCM). Besides of the optimum setting, this method is also able
to identify the most significant factors affecting the response as shown in the Main
Effect Plot and ANOVA table. With approximately 5.5% reduction of the sound
pressure level (dB SPL) on the bench, this approach could be cost effective and
more precisely will be able to avoid wrong judgment and unnecessary investigation.

Future Research

In order to satisfy the final quality of the optimal engine, a test needs to be
carried out to validate its performance curve on dynometer bench according to the
benchmark specification. This test is essential to find out any possible changes on
the performance of the engine in which the customer will finally gain during driving.
In specific, at certain engine RPM, the engine performance shall achieve at least the
minimum Brake Torque and Brake Power value as specified in the manufacturer
standard to indicate that the engine is operated within its intended design.
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