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Fault diagnosis of marine diesel engine intake and exhaust system
based on dynamic feature fusion

CAO Lele, ZHANG Peng, GAO Zeyu, ZHANG Yuewen', SUN Peiting
Marine Engineering College, Dalian Maritime University, Dalian 116026, China

Abstract: [ Objective ] A ship's system is a complex mechanism composed of multiple pieces of equipment.
Due to the dynamic and non-linear characteristics of the parameters of each component, fault diagnosis is com-
plicated. This paper proposes a dynamic feature fusion method for performing efficient fault diagnosis on the
system. [ Methods ] Fractal theory, dynamic theory and the kernel principal component analysis (KPCA)
method are used to reconstruct, map and filter the system state data, and obtain the principal component char-
acteristic data matrix, square prediction error (SPE) and corresponding control limits. An offline monitoring
model based on the health data of a marine diesel engine intake and exhaust system is then constructed and
used to diagnose and analyze ship system faults. In order to verify the validity of the model, the fault data of
the intake and exhaust system of a marine diesel engine is selected for verification and analysis.
[ Results ] The results show that this method can effectively realize the accurate analysis of a system's dy-
namic nonlinear state data and efficient analysis and diagnosis of faults, with better fault diagnosis perform-
ance than the KPCA and support vector machine (SVM) method. [ Conclusions ] The method proposed in
this paper can realize the detection and diagnosis of marine diesel engine intake and exhaust system failures,
and improve the reliability and safety of system operation.
Key words: marine diesel engine; intake and exhaust system; fault diagnosis; kernel principal component
analysis; correlation dimension; dynamic theory
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Fig. 1 Diagram of diesel engine intake and exhaust system
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and exhaust systems

Fes NS K
BT HERIE S/ C
SRR B 1/ MPa

LHLhE kW
B A8 R S TR C
BEEA RS IR/ C
A7/ C

A WD =

5L 71/ MPa
HAWRE/C
B4R 2834/ (r-min )

o 9 N W

e UKL L ¥ a2 e AR S Tl L 6 S LAY
10 & 12 A3 W gt HE R e i, 23 il Sy O i
J2FH 3 BT B I ZRAEAS IR B AR A o R AR A R
247400 h (FFTRII RS 1h), B R R AN 1
Jis o BCRERR FEHL 6 FL — rhFE Seah AL, B4R
AU RS I TR AR B AT, A8 A 503k RS I ] BE
P, AR O s AT AT B B, AL e s 3l 2 T
ZI AR 58 M BEafr, e HORCHE an P 3 AIAT 4 o .

3.2 BERGESY
1) % 3 B it HE S AR G0 Kot 3k 47 A Ak Ab



IR AR A 2 T B A AR S A A A 5

AL HE R R R EZ W 107

55 6
12
350 | < = 7600
& E =
<11tk o
5340 -}]; MW 4 A Jﬁ_g7200
30E - 1.0 1 6800 1
0 200 400 0 200 400 0 200 400
t/h t/h t/h
(a) FAL 6 S RLHENRLEE (b) WL 6 ST A8 S (OEIPES
336
424 1 69
& & 328 &
%; 416 % ’,E.‘S 68
= 27
408 67
1 1 1
0 200 400 0 200 400 0 200 400
i t/h i/h
(d) B AR I A FTR (e) MR A IR () 2V Al 22
0.085 5200
- = i
S 0.080 - g( 40 'E 9000
’]E 0.075 ] " H I A ;ﬁ 8 800
0.070 ' T ' F so0] '
o 200 400 0 200 400 0 200 400
t/h t/h t/h
(g) WL 6 SHAIEN (h) FHL 6 SHIIE (i) MR 2
3 GRS
Fig. 3 Training data set
380 12
7600 |
< 360 § z
= <11+ v
% 340 E y g 7200
320 L 1.0 L ! 6 800 L
0 200 400 0 200 400 0 200 400
t/h t/h t/h
(a) AL 6 S RLHEATR (b) FHL 6 SRR KT (c) FEHLIFE
336 F
24
69
s o WVWWW c
g 408 | %( 320 | é\g 68 ”
400 312 f 67
1 1
200 400 0 200 400 0 200 400
t/h t/h t/h
(d) Ha PRSP L TR (e) HYTEARE S T B (O & ik 22
44
0.085 |- ~ 9200
& ; g
S 0.080 4§< 40 £ 9000
= = = 8800 |
4 0.075 = =)
36 L #8600 |
0.070 ! !
200 0 200 400 0 200 400
t/h t/h t/h
(g) FHL6 SHSEH (h) FHL 6 SHIIRSE (i) 39 T R s ke
B4 Wmsdnee
Fig. 4 Failure data set
PR, DA AR T 25 4 3 08 (A 22 S a9 g =X (3) AR Cof L #4711 55 20 B, AR R 48 09 8l 8

A3 (4) X L He B0t — 28 20 Br, 19 2 A [R) 38 5 5

)] B 1g e —1g C (o) BRAL N £&, AnT&] 5 7 o
TEHA] 5 v 2140 2R A A3 Sy AN (]38 i

[ T 14 S 1K Ak K C, A ZCC1) A (2) X R AR 1Y

P, 5 2 FiR .

B S Ha] &3, 241> 2mF, I 4R 2k Y
LR R TOFAT, 4068 B AR A AR L
JE R N2 Hrn AL, 241 =20, f 2P PR B



108 BREPLAG . B RERES LR BET- 65 L

017 %5

=0

—I=1

-1} 1=2

==Y

® 27 —1I=5

S —1=6
B3
74_

-04-02 0 02 04 06 08 10 12 14
Ige

SRS SR i

Fig. 5 Correlation dimension map of training data

&2 SBHIENA TSR

Table 2 Fractal analysis data of training data
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