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System Identification of a Diesel Engine

— Throttle-Smoke Response—

o R
H. K. Cho

Summary

An empirical model for diesel engine control was obtained using a system identification method. A

pseudo—random binary sequence was used as an input signal. Spectral anaylsis was used to find the

frequency response of system. Model parameters of transfer functions were obtained using nonlinear

regression.
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Figure 2. Overall view of fuel perturbing system
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Table 1. Engine operating matrix
Speed Load (N—m)
r/min Low Midium High
1000 80 120 160
1500 80 120 160
2000 80 120 160
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Figure 3. Response of fuel change on the smoke
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Table 2. Actual engine speed and air fuel ratio
Normal Load speed Air flow fuel flow Air—fuel
Speed (N—m) (r/min) (g/min) (g/min) ratio
Low 80 1120 2292 55.0 41,67
(low) 800 1608 39.0 4467
120 1150 2250 740 3041
(medium) 980 1790 53.0 33.77
160 1150 2285 88.3 25.88
(high) 920 1876 66.7 28.13
Medium 80 1640 3056 875 34.93
low) 1330 2859 68.8 4159
120 1670 3507 107.5 32.62
(medium) 1430 3029 86.3 35.15
160 1980 4144 146.7 28.25
(high) 1310 2809 85.0 33.05
High 80 2430 5022 104.1 48.29
low) 1910 4090 71.3 57.36
120 2395 4916 132.9 36.99
(medium) 1830 3863 96.5 40.03
160 2360 4817 161.7 29.79
(high) 1750 3678 121.7 30.22
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Table 3. Parameters and object function value of transfer function

Time constants Value of
Speed Load Order Gain® Dead time Num. Denominator object function

s) (s) )] (Eq. 16)
Low Low 4° 59205 0.0000 0.0268 04679 04634 0.4666 0.4666 24163
Med. 4w/d 33873 02889 10000 03090 02961 02976 0.2970 148.10
High 4w/d 34408 03432 1.0000 0.2855 0.2856 02842 0.2865 370.90
Med. Low 3w/d 01351 02938 17895 02007 04736 0.3819 - 844
Med. 3wd 02140 03391 09977 03026 0.3695 0.2887 - 3.01
High 3w/d 0.1439 03717 009996 0.3199 0.2882 0.3158 — 0.77
High Low 3w/d 02991 02782 19813 04495 02522 05827 - 2.95
Med. 4w/d 16645 0.1161 0.0000 0.1207 01206 0.1207 0.3215 110
High 4w/d 19755 02916 00000 0.0002 03343 0.0022 (.9998 8.24

Unit=[% opacity/fuel rate(g/s)].
*Has a additional numberator S term.
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Figure 4. Amplitude and phase angel in transfer

function for experimental data and

postulated curve at high speed and

medium load.
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