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Comparison of Engine Fault Diagnostic Techniques Using the Crankshaft
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Abstract

In this paper, diagnostic techniques for detecting the engine faults, especially misfire, are
introduced and compared with each other under the same conditions. With all of them the
instantaneous angular velocitys, measured at the flywheel, were analyzed. The techniques include
the frequency analysis, auto-correlation function, velocity index, acceleration index, maximum
acceleration index, and integrated torque index. Since the main driving components for the
angular velocity fluctuation are both the pressure and the inertia torque, the component of the
inertia torque in it must be excluded to extract the information of the combustion from the
angular velocity. To do this, it is required to consider only the first half of the combustion period
in the angular velocity fluctuations, which has never been proposed in the existing methods. On
the basis of this fact, the results show that the most effective diagnostic technique is maximum

acceleration index.
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Fig. 2 Schematic diagram of experimental apparatus
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Fig. 4 Comparison of angular accelerations with

misfires under the condition of 2000rpm and
the intake pressure 72.4kPa.
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for angular velocities and auto-correlations without

misfires.
Load 276 4145 55.0 65.04 77.38 88.66 100
Speed (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
1500 rpm 4&1 4&8 4&8 4&8 4&8 4&8 4&8
2000 rpm 41&1 2&8 4&8 4&8 4&8 4&8 4&8
2500 rpm 4&1 4&8 8&4 4&8 4&8 4&8 4&8
3000 rpm 4&2 4&8 4&8 4&8 8&3 8&4 4&8
3500 rpm 4&2 4&38 4&8 Li4&8 4&8 8&3 8&3

Table 4 Dominant power spectrum components for angular velocities and auto-correlations with misfires

misfire Single Misfire Multiple Misfires 1o misfire
#1 misfire | #2 misfire | #3 misfire #1&3 misfires | #1&4 misfires

idle &4 | &2 1&3 1&2* 1&1
26.3kPa 1&4 1&8 1&4 1&3 2&1 4&1

2000 | 434kPa|  2&1 YS! 2&1 1&3 2&1 288
rpm 55.3kPa 2&1 2&1 2&1 1&3 2&1 4&8
72.4kPa 2&1 2&4* 2&1 1&3 2&4* 4&8

26.3kPa 4&1 2&1 4&1 1&4 2&4* 4&1

3522 513kPa |  4&1 &l | 4&l 1&4 2&4* 884
’ 75kPa 2&1 4&1 2&1 1&2 2&1 4&8
300 2%6.3kPa|  4&1 2&4* 4&1 1&4 2&4* 4&2
N 284" 1&1 1&4 284* 482

(note) 1, 2, 3, 4, 8:frequecy components (1:fundamental frequency component, 1 cycle)

first & second dominant frequency component

* Third dominant frequency component is fundamental one.



2063

@ S T .W
§£4 -5
R 4 .
g 8
2
BAF
&
3
:
..... £
.3
2
2
t __#
- 0 =] W
o o
UOREIeLI0D 0Ny
AR A i
o W oA N2 7o
LS NG A
O T W
O_E ﬂ]ﬁa\_‘lalﬁ
BT 4 W Ok
mnoA.lbr,uw: Aalonu_rl
oW O R
BEMHTAT]Fi_udH
+ . ® CXAE 5
.ﬂ7TLM1T.O’ vATBT
ﬂeﬂa HT_OT;IJFHO
UTAa of as A
TR TR T U
I~ ENPE | S - TI
_~— F o B o~ N
ﬂtﬂﬂﬂltﬁlz7i
= oo
< AR 3
.anq:,_LﬂJHn%
TRy YR T g
%e?ﬂnawﬁmeTMMa
p— ~
TRNCH M T
Ty =
o Edl)d
N R Y
FOvNA T AT

180 360 540 720
Crank angle { deg. )

0

H2 o) )

3

st 314 ol whel oA

K 3]

I

74 3ko

(a) Comparison of auto-correlations at 2000
rpm without misfire as the intake pressures

varied.

Fig. 5

k3
o

M
22%s
BBEE
£eg1
b
Jdo 4 5 o
N N ooh e
v T T B
Y
CUNCC e
T oo T
0
MoMo_ai
X L»oo_
— T
OMr_uLMoﬂa
L SR
Eﬂlnmo_
—_ ol4
o g
BT e
m:_x T ™
_ AT -
o o °
o0 o
' L r
CEREGY
M i;
Byt
T w0
e

3]

0
[~

uciieja.n10o oiny

w
7
.A

e
e

T %7 wlpoll, A

o geidel 27 wWhg

N

R

q

Z:

L.
[+

bl Aol )

£3

o]

el

o

e
<
-

vyl

0
(=]
T

B A 8ol 4 o]

#3 cylinder  #4 cylinder  #2 cylinder

#1 cylinder

Joll

43 &L x|

720

540

180

360
Crank angle ( deg. )
(b) Comparison of auto-correlations under

2000rpm and the intake pressure 72.4kPa as

the misfire cylinder or cylinders varied.

b2 2%
7} 2000

rpme= Fg o 4 b gk Alw odool

ol 51

/kg 5

s

3} 7}

Al
Fig. 5(a)oll 4 xS0} A

~
=5

o]
T

7

<.
2

Agoh spaol chz] wiol
ahut, 42804 2

2 A 4bel
e 7

|
°]

[e]
=2

26.3 kPac]L} 72.4 kPaol 4ol =}3

i
T

=
5]

o],

A58 -‘i]'sé"%

}

713 <l

Aol ekl Al

g obe}

oy
o

4,144 ¢

L
o

of o}

74 8F

=

o 8l ol whebay

o, wepA A A

D

=

CEKS
T
wl oW
ey
4
T
G
5
4=
7o~
<
o B
5
i
w|
O
e
2L
TR
N
s
! H
5
;O
P
X Ho

prrimensl
¥
X
\mﬂ &
= o
®
—
o Rr
b N
T B
abd
t =
£
© T
= 3
.M,- o
N
1k <
.
w w:
RS
o

ofy

e A
43t

ordl.
oz
o 7
e oo
el
H %
o A
P
Q9 <
= g
o
Lo}
Fﬁv
o oF
K _
N
! i



A% EAQS ulm, B4sidd &, 24 AF A 7|3t shEe] 434kPad 2719 & 2 AspE
o] BAJo] PlAE Pk AsEy st A4 F o WEE Heg Held, # A4E ¥ AZ:e
72 558dte] FA HYE HFA7HA Ash 2 sIFEY 1% VIFEeR ann o A, 12
A o7 e Wyt o714, A4 Frle A4 A ol FEst Aotz A g,

dcie) Ay dAS ABR, ol AN st 45 49} 7h4EE x4 Table 5ol FA]%
Axleled, Az ztoz 180°0] M AAe FHAL e ol og dgko] Hr] of
Table 5% 3874 Z7ol0f, Table 6& %3 4o  Fol 2E A4 Fol dshd BFo] b5,
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Table 5 Comparison of misfire detection methods at idle.

Misfire Range VI Al MAI ITI

Cylinder | (deg.)| 41 42 # #4 | # £ £ #|# #£ # # # £ # #H
% 1026 119 124 13203 116 121 1.29(0.28 122 121 1.29[099 122 0.7 1.02
7 042 106 L13 138|050 L13 112 124]039 LI8 117 125|088 L12 092 108

i;mﬂ 08 (048 105 LI0 L9905 LI L L04[0.40 LS LIS 128|009 LIS 004 L2
144 0.5 0.9 119 L29|0.64 107 122 106|049 115 L14 1.22(053 L16 1.05 126
180 |0.62 0.9 120 L13]0.73 0.9 L18 116|049 115 114 122|041 112 L12 135
% 055 L6 144 039|055 162 144 039|059 162 140 039113 0.9 085 106
7 1074 138 131 0.58|0.63 L5¢ 135 0.48|0.58 157 135 0.48]100 104 100 0.9

iiximl 108 076 132 125 0.68]0.59 L57 138 046,05 L5 L35 0.48[0.85 121 116 0.78
Wt 075 L3 125 0.680065 148 136 050|059 157 L35 0.48]08 121 L16 0.78
180 0,69 L42 1.28 0.60|0.84 127 119 0.69[0.5 L5 135 04808 122 116 0.79

Table 6 Comparison of misfire detection methods under the condition of 2000rpm and the intake pressure

43 . 4kPa.
Misfire Range VI Al MAI ITI
Cylinder | (deg.)| #1 # # #4 |#1 £ #£ # |# #£ #B #|#H #£ B M
3 |08 1,19 1.27 0.67(0.8 1.16 1.20 0.81]0.37 1.62 1.67 1.08|1.06 0.86 0.87 1.21
72 149 0.8 0,90 0.76]0.92 114 119 0,75[0.24 157 1.63 1050 9% 0.95 1.01 1,08
1st
. 108 1150 0.75 0.81 0931091 1.34 1,04 070|046 131 1.35 0.8710. 93 0.96 1.04 107
cylinder
44 11,38 0,72 105 0.8 [1.24 1.15 0.65 096|056 127 1.32 0.8 0.8 L 03 114 100
180 1136 0.72 1.06 0.8 |1.32 120 0.66 08305 1.27 132 0.85[0.65 L 18 1,30 0.97
36 1074 1.28 1.28 0.69(0.94 1.21 121 064037 192 194 023|114 0.8 0,8 114
72 120 0.8 0.80 1.19]0.97 1,08 1.11 0.84|0.43 1.89 191 022|103 0,98 0,97 1.03
1st and 4th
. 108 11.26 0.76 074 123|100 0.95 115 0.89|054 1.52 154 0.40 .00 101 0.99 1.00
cylinder
44 [1.13 0.90 1.8 L11[1.13 0.94 1,93 1011061 1.43 145 05210 92 1,09 1,07 0.91
180 1108 0.96 0.89 106|118 0.8 091 105|061 1.43 1.45 0.520.81 .20 1,18 0.81
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