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Abstract : This paper deals with the methodology for detecting misfired cycles by using the discrete Fourier transform-based
frequency analysis. This methodology discriminates single or dual cylinder misfires at first, and then it identifies misfired
cylinders for misfired cycles. In general, the highest amplitude of DFT exists at lower harmonic modes than the number of
cylinders during misfires. However, because it is located at the same harmonic mode with the number of cylinders at high
speed conditions even though misfires take place, origin shift should be introduced in order to identify the misfired cycles
even at a high speed operating condition. New origin can be located at the averaged real and imaginary values of the
transformed engine rpm on the complex plane during normal combustion cycles. Based on this new origin of the complex
plane, the circle of threshold can be derived as a boundary for detecting misfires at each harmonic mode. Single cylinder
misfires can be detected when transformed engine rpms are located outside this circle of threshold at both the first and second
harmonic modes. In case of opposing dual cylinder misfires, misfires can be detected when transformed engine rpms are
located outside this circle of threshold at the first harmonic mode and inside it at the second harmonic mode. On the contrary,
the transformed engine rpms of the non-opposing dual cylinder misfires are inside it at the first harmonic mode and outside it
at the second harmonic mode. In other words, the misfire detection criteria of a non-opposing dual cylinder misfire are vice
versa of the opposing dual cylinder misfire. The misfired cylinders of single cylinder and opposing dual cylinder misfires can
be identified by their phases at the first harmonic mode, and those of the non-opposing dual cylinder misfire can be done by
them at the second harmonic mode.
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Nomenclature N : the number of teeth in one cycle
Amp : amplitude NC : normal con}bust@n
CARB : califonia air resource board OBD  : on-board diagnosis

CAN  : controller area network P : the number of normal combustion cycles

CKPS : crankshaft position sensor Re - real
RPM : revolution per minute

TDC :top dead center

Cyl  :cylinder
DFT : discrete Fourier transformation
ECU :engine control unit

Im : imaginary
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2.1 Misfire test
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Table 1 Specifications of the target vehicle

Manufacturer/Model: KIA Picanto
Year of construction: 2017
Engine: 1.2 liter, Four-cylinder
Type of fuel: Gasoline

Transmission: 4-gear automatic transmission

Firing order: 1-3-4-2

Fig. 1 Test vehicle in the test facility
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Fig. 2 Misfire test apparatus

Table 2. Misfire test conditions for engine speed and load
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2.2 Misfire Generation
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Fig. 3 Combination for misfired cylinders including opposing
and non-opposing dual cylinders
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Fig. 4 Patterns for generating misfires

2.3 Frequency Analysis
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Fig. 5 Tooth time measurement using CKPS
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