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Abstract: Improvement of the thermal efficiency in operation and maintenance of low- and medium-speed engines is a
kind of never-ending requirement in the maritime power plant business. For the purpose of improving engine
management efficiency, a principal factor that represents the fitness of the engine should be identified. Gas pressure,
gas temperature, and vibration have all been used as this factor. However, they have limitations in terms of response
speed and diagnosis accuracy. The EFR (engine fitness ratio) is suggested as a new diagnostic factor in this paper.
The EFR is defined as the ratio of particular frequencies in the frequency domain and represents the fitness of an
engine. It is calculated from the fluctuation pattern of the crankshaft angular speed. The EFR was verified using an
experimental method for a low-speed engine and an analytic method for a medium-speed engine.
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Fig. 1 Methods of engine condition diagnosis
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Table 1 Specification of tested concept of frequency
based condition diagnosis

Item Specification

Engine Model 6S60MC
Cylinder Number 6

Engine Output 12,240 kW
Bore 600 mm
Stroke 2,292 mm
Speed 90 RPM
MEP 18 bar

Firing Order 1-4-3-6-5-2
| ClNe I

Amplitude

Frequency (Hz)

Fig. 5 FFT result at normal condition for
6S60MC test engine
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RadSec
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Fig. 6 RPM fluctuation at single cylinder misfire
for 6S60MC test engine
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Fig. 7 FFT result at cylinder misfire for 6S60MC
test engine
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Table 2 Specification of tested ME engine

Item Specification
Engine Model 7K8OME
Cylinder Number 7
Engine Output 25,480 kW
Bore 800 mm
Stroke 3,056 mm
Speed 70 RPM
MEP 18 bar
Firing Order 1-7-2-5-4-3-6

Table 3 Specification of simulated medium speed

engine
Item Specification
Engine Model 6H21/32
Cylinder Number 6
Engine Output 1,200 kW
Bore 210 mm
Stroke 320 mm
Speed 900 RPM
MEP 24.1 bar
Damper Metaldyne. Co
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Fig. 8 FFT result of normal condition for 7K80ME
test engine
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Fig. 9 FFT result of misfiring condition for 7K80
Me test engine
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Table 4 Result of EFR value depending on the
cylinder condition

Cylinder
Pressure
(Efficiency)

45Hz | 7.5Hz | 15Hz | EFR | EFR
44.82) | (7.91) | (15.82) | (7.5 (15)

& 8}6160/?;653 02411 | 0.0076 | o0.01 0.03 0.03
3 ((:7y51%];r°55 02228 | 00682 | 006 | 031 | 025
" ((:Syé%}))re“ 02032 | 0133 | 011 | 065 | 0.53
" ((:Zysl%}))re“ 0.1858 | 01952 | 0.15 | 1.05 | 083
#3 Gyl Press | 1742 | 02472 | 0.18 1.42 1.06
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Fig. 10 Modeling of simulated mid-engine
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Fig. 11 Measured cylinder pressure depending on
the engine load

= FRR] AN Table 33 #rh

S e R R I o | I L T B
ZRaH & ARgate] TSIl AlE g ol el =
g ool Fo H9lE Fig 103 o] mdd

TEAe diste] sl ASS FAs] st
BoAPAE 100% F-3KLoad)ollA dlFle] EA

o3Y - s

ARERto] g8o] AslEs dehE A6l
Fig. 109] 671% <RlelA 571 AdAg=
2HsS skt wkelA 19 AReE A a8
slEl 7§ EFRO| o] oW o8 xdsh=A
Asstazr gk slojrk. o]& SEiA a€
kel dEE AgetAl Aldshrl fstel EA7E
HolA el o WskE AgsH
F= Aol 7B FeEh B dAFoxe

I
2
b

o mg
oZ

ob b i
1>
R

I

AEElelAE st stk Fig 11 84
ol Qo] Fapd <kl A-E uRgE wsket
v SAgE
Zoltt Fig. 119] 7 el A& 204 0%,
25%, 50%, 75% R 100%2] gl HAlehs
Sheldsts WolFal glvh YR 4 100% #H
Load?d mje] 9FS 100%= e o =l e
TEE BT 9l

A Al 6718 FAl <xle] 57 A-EE 100%
2ro gEE BT d W ddds 389
Aets= AoR 71dste] Table 49k o] 75%, 50%,
25% H 0% HE a&S Hol=E AHsigith
R Addel g &8 Asel we 7t =4
EFR®] 27} k- Table 49} 2t

g P S &5 Fokst I EWE Rof
S MRSk EolllA
o= QFHI Qe A8tk ol fEiAE
x4 A= et
EFRE <lIx19] )

o
>
2

fuj

(il
X,

g

2
i
K
?L’O

o X ooln
xoofo 2 I
ol
)
&
S
O r}E
re
-
=2
>
rir

X
-
ol
ol
s
2,
e
o
0%
fuj
Ll
[gus
T
ol
HF
N
e
o
v

2

W Moo

ofN ok X fo X

Lo Qo oo o o

=2 oY ooy Ho
Ko
o
]
=
rlo
2
™
>
-
nj
ol
o
g
)
=2

[«
-



:
p
o
[-'N
I
k1
=)
R
il
o,
of
e
oy
fu}
N
Ay}
N
e

EFR 712 7 Abe) wae] w9 we Av
shebl e AL e st
Anes

(1) Motohiro, T. and Shigeji, T., 2004, “Performance
and Combustion Analysis of High-speed Diesel
Engine in Fast Ferry under Normal Service
Condition," CIMAC Conference, Paper No. 43.

(2) Senichi, S., 2004, “Vibration Monitoring for Fault

of #3 AT 1535

ry

Diagnosis of Cylinders in Marine Diesel Engine,"
CIMAC Conference, Paper No. 69.

(3) Taner, T., 2003, "On-Line Individual Fuel Injector
Diagnostics from Instantaneous Wngine Apeed
Measurements," United States Patent, Patent No :
US 6,546,912.

(4) Jianguo, Y. and Lijun, P., 2001, “Fault Detection
in a Diesel Engine by Analyzing the Instantaneous
Angular Speed," Mechanical System and Signal
Processing, Vol. 15, pp.549~564.



