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Monitoring of Misfiring Status of Ship Engines Using
Minute Speed Changes in the Crankshaft

Ho Hyeon Kang', Jung Hwan Ahn', and Hwa Young Kim""

Abstract

In this study an efficient method for detecting and monitoring engine misfiring, focusing on minute speed changes in the crankshatft
is proposed., Its validity is verified using various misfiring cases. Typically, the crankshaft speed fluctuates around the normal value
depending on the engine misfiring status. Even a minute speed change in the crankshaft can be estimated by measuring the rotation time
of each tooth of the 118-tooth flywheel attached to the crankshaft with a 2-MHz timer. Therefore, a speed pattern for an in-line six-cyl-
inder engine consists of 236 tooth rotation speeds corresponding to the two rotations of the crankshaft, in which all the cylinders com-
plete four-stroke cycle. FFT analysis can reduce the number of components of a speed pattern from 236 to just four major components:

— fundamental frequency (f), 2f, 3f, 6f.,

— This makes the comparison of the misfiring cases simpler and faster. In the experiment, five

engine status cases (one normal firing and, four misfiring cases) were simulated. While the 6f component was the largest for the normal
case, the f component increased as misfiring occurred one, two apart, and two consecutive times. The 3D FFT pattern comprising the
ratio of f, 2f, and 3f, 6f showed that the distance between the misfiring and normal states was larger.

Keywords: Misfiring, Mornitoring, Speed change of crankshaft, Flywheel tooth, Ship engine, FFT(Fast Fourier Transform)
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Table 1. Specification of test engines.

item specification

Engine Model Cummins QSM11-G2
Type 6 Cylinder, In-line, 4 Stroke
Bore&Stroke 125 mm X 147 mm

Fuel System PT Pump Direct Injection

Piston Speed 8.8 m/s
Firing Order 1-5-3-6-2-4
Compression Ratio 16.3:1
Engine speed 800RPM

Fig. 1. Structure of In-line 6 piston engine.
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Firing Order : 1-5-3-6-2-4

Cranlli first rotation second rotation
e
Diston 2. 60° \120' \130' 240° |ann' |3sn' 420° |4xan' |5AIJ' 600° |ssn' \720'
1 combustion exhaust intake compression
. . . exha
2 exhaust intake compression combustion &
us|
inta . i .
3 \ compression combustion exhaust intake
ke
com
4 busti exhaust intake compression combustion
on
com
5 compression combustion exhaust intake press
ion
6 intake compression combustion exhaust
Fig. 2. 4-stroke sequence of 6 pistons.

e o 0 8 8 0

120° 240° 360° 480° 600° 720°

Fig. 3. Explosion sequence of each piston pair.
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Fig. 4. Measuring flywheel tooth rotation time. (a) magnetic pick-up
sensor and flywheel tooth (b) tooth interval and timer signal.
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Fig. 5. Flywheel speed measurement system.
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Fig. 6. Variations of flywheel speed in normal state. (a)without

enlargement for two rotation, (b)enlarged for two rotation.
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Fig. 7. A set of measured flywheel speed triggered by Z phase during
two rotations of crank shaft.
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Fig. 8. Variations of flywheel speed under normal state.
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Fig. 9. Comparison of misfiring at piston 6(case 1) and normal
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Fig. 10. Comparison of misfiring at piston 5 and 6(case 2) and norma
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Fig. 11. Comparison of misfiring at piston 6 and 4(case 3) and normal
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Fig. 12. Comparison of consecutive misfiring at piston 6 and 2(case
4) and normal
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Fig. 13. FFT result for normal firing.
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Fig. 14. FFT results for (a) case
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Fig. 15. FFT results for (a) case 3. (b) case 4.

Table 2. 4 major spectral intensity for normal/misfiring cases.

1f 2f 3f 6f
Normal 2.19 1.20 1.40 6.55
Case 1 3.82 1.77 0.92 6.50
Case 2 4.49 297 2.79 6.59
Case 3 4.95 1.31 4.00 6.30
Case 4 7.40 3.48 1.70 6.31
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Fig. 16. Normalized FFT patterns: (a) Normal firing. (b) case 1 (c)
case 2 (d) case 3 (e) case 4.

NEoz WA 3 AR B8 AA FFT AL S B
o). Fig. 162 ol 9@ 571 450] tjs) AFahe FFT 9)
Bl Ve,

S,
d,=[3| n=11.23,6]. = intensity ®)
6

5.2 3X|2 HE{ DE

A3} FFT el o)A case 1S A2 S, 695 AES A
™

oatar YA] 3700 AEoF e HelS T 2 @)l 9
&l v,,=[0330220.23] 2% Yepd 5 o}
_ _[515: 5
V=1d, dy ds] [ 55 SJ @)

a3 HeolEEe 0AHE Eol7] fla) #9242 34
5¥ wHEste] 53] HetghS gtk Table 32 2344,
EF Ao "aiks vepdo

Dl
o o

5.3 WE{ O o] 42| 0f [HE EfShaSEH EHEH

S A& Fig. 17 X149 €k &
88994 THE A7 ADE A5l 28l o Table
4} 7o) Fahch,

D=0, —x)*+ 01 —3) (21 -2,)° 5)

Table 49} Fig. 178 HH B PIeE 71202 2slEdo] &

Table 3. Average FFT vector of normal/misfiring cases.

Case Average vector(V,,,)
Normal [0.332 0.252 0.238]
Case 1 [0.562 0.294 0.13]
Case 2 [0.648 0.456 0.408]
Case 3 [0.766 0.17 0.614]
Case 4 [1.17 0.55 0.27]
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Table 4. Distance between normal firing and each misfiring case.

Case distance
Case 1 02
Case 2 0.37
Case 3 0.54
Case 4 0.92

Piston 6,4

Piston 5.6 Piston 6,2
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