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Detection of Misfired Engine Cylinder
by Using Directional Power Spectra of Vibration Signals
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ABSTRACT

A new signal processing technique is applied to four-cylinder spark and compression ignition engines
for the diagnosis of power faults inside the cylinders. This technique utilizes two-sided directional power
spectra(dPS) of complex vibration signals measured from engine blocks as the patterns for engine cylinder
power faults The dPSs feature that they give not only the frequency contents but also the directivity
of the engine block motion. For the automatic detection/diagnosis of cylinder power faults, pattern recognition
method using multi-layer neural networks is employed. Experimental results show that the success rate
for diagnosis of cylinder power faults using dPSs is higher than that using the conventional one-sided
power spectra. The proposed technique is also tested to check the robustness to the sensor position and
the engine rotational speed.

F87]€%9] | Engine Cylinder Power Fault(1d 4@ o4 Z&), Directional Power Spectra(*3
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2l & & 9 (dPSs) of complex signals
Py P, P. - two-sided cross spectra of real sig-

e - Fourier coefficient nals
a - momentum coefficient Aw; Awg  connection weight increment
El] * expectation =) ! x-directional acceleration signal
| . learning rate 0 O > actual output in each layer
@), p(n) : complex acceleration signal L * desired or target output
Wi Wy - connection weight Superscript ()* © complex conjugate

P,, Py, P, two-sided directional power specira Subscript f . forward, b . backward
*ogwAEried JIAZEH &% 2 IAFA S I AE(NOVIC)
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Table 1. Percentage of misclassification with dPS : Diesel engine at 770rpm

a7

Input Iteration Misfired cylinder
None #1 #2 #3 #4
| 4992 0 133 20 0 33
" 5331 0 33 33 0 0
P. 4832 0 33 0 0 0
Result 0 33 33 0 0
® Neural net architecture=6—5—5: a=0.7; n=09 3 rms error=001
Table 2. Percentage of misclassification with one-sided PS : Diesel engine at 770rpm
Input Iteration Misfred cylinder
None #1 #2 #3 #4
Py Py 7667 0 133 20 0 33
Py, Pa 17717 0 133 133 0 0
P., Px 18852 0 133 20 33 0
Result 0 10 167 0 0
® Neural net architecture=6—5-5; 0=0.7: n=09; rms error=0.01
Table 3. Percentage of misclassification with one-sided PS : Diesel engine at 770r1_)m
Input Iteration Misfired cylinder
None #1 #2 #3 #4
Py 19812 0 10 40 0 0
| 16469 0 40 0 0 16.7
P. 19284 0 10 167 0 33
Result 0 10 6.7 0 0
® Neural net architecture=3—5~5; ¢=0.7: n1=09; rms error=001
Table 4. Percentage of misclassification with dPS : Gasoline engine at 1500rpm
Tnput Teration Misfired cylinder
None #1 #2 #3 #4
" 3623 0 0 0 0 0
) 5253 0 0 0 0 0
Pq 3788 0 0 0 0 0
Result 0 0 0 0 0

® Neural net architecture=6—5—5: a=0.7 s n=09; mms error=0.01
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