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— Simulation Study —
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Summary

A frequency-domain, system-identification method using a binary multifrequency signal was devel-

oped to find the transfer function between smoke intensity and throttle position in a diesel engine. This

paper describes the simulation study performed to test the identification method developed. With an

assumption of a diesel operation in a limited region about the normal operating state, the linear theory

was adopted. Because that air fuel ratio is one of the most important operating variables causing smoke

production in diesel combusticn, single-input and single-output model was adopted.
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Fig. 1. Flow chart of the optimization procedure
for parameter search
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Fig. 2. A binary multifrequency signal in time domain
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FAEA N A o HEDRE HEST At B
A EES AR ¥ OAE AY SHEE2 §
BE T Foll A §dste] AHESAT 1 F A
T EEE, ANERS BT eHEY Fyit
& —FsHA FAste ANER Hnste] AFS

SR,

input 51gna]

F process iteration J

output signal

transient state
over?
all signals
passed?
yes

[ Fourier transform J

v

calculate transfer
function

y
search parameters |

Fig. 5. The flow chart of simulation procedure

System order Gain Time constants (min) Dead time (min)
2nd order 1.0 0.5 N/A
2nd w/dead 1.0 0.5 0.3
3rd order 1.0 0.1 N/A
4th order 1.0 0.1 1.0 15 N/A
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Table 2. The results of noise-free identification
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System order Gain Time constants (min) Dead time (min)
2nd order 1.0 0.48 1.02 N/A
2nd w/dead 1.0 0.50 1.00 0.3
3rd order 1.0 0.09 041 099 N/A
4th order 1.0 0.09 053 094 154 N/A

Table 3. The results of noisy identification with 10% noise

System order Gain Time constants (min) Dead time (min)
2nd order 1.09 048 111 N/A
2nd w/dead 1.06 0.60 094 0.28
3rd order 091 0.00 053 0.84 N/A
4th order 1.10 009 069 069 1.81 N/A
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Fig. 6. Nyquist plot of 2nd order system
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Fig. 7. Nyquist plot of 2nd order w/dead time
identification
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Fig. 12. Frequency response plot of 3rd order
system identification
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Fig. 13. Frequency response plot of 4th order
system identification
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