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Finite Element Modal Analysis of a High Speed Yacht Diesel Engine
SUN Haojun, YU Hongliang, YAN Jin, LIAO Jianbin

(School of Marine Engineering, Jimei University, Xiamen 361021, China)

Abstract: In order to analyze the vibration response of a diesel engine, taking a certain type of marine
diesel engine as the research object, a three-dimensional geometric model and a finite element model of the
diesel engine were established, and a finite element modal analysis and an experimental modal analysis were
performed. The natural frequency and main vibration mode of the diesel engine vibration system were obtained
through modal calculation of the finite element model, and are compared with experimental modal analysis re-
sult. The results show that the relative error between the first three order calculated modal frequencies and the
test modal frequencies is within 3.02% , which indicates that the calculated modal analysis results of this type
of marine diesel engine are effective.
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Fig.2 Geometric model of the diesel engine block Fig.3 Finite element model of the diesel engine
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Tab.1 Materials and material properties used in various parts of the diesel engine

*j‘*’l’)%‘l\i Material properties

T FBE

. W SR A THRALE
Components Material . _3 . N
Density/ (kg + m ™) Elastic Modulus/ Pa Poisson’s ratio
DRGNS S5 N
Block , flywheel cover Structural steel 7850 2.0x10 0.30
et ] P
Oil sump, cylinder R . 2 770 7.1x10" 0.33
Aluminum alloy
chamber cover
{iL %% Cylinder head 54) Cast iron 7 200 1.1x10" 0.28
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First order mode shape Second order mode shape Third order mode shape
d) 2 4 BB s R e) o7 5 Bl A 4R 2 f) 265 6 Bt A5 IR 1
4th order mode shape Sth order mode shape 6th order mode shape

B4 5 1~6 MRESIRE
Fig.4 First order to sixth order mode shape
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Tab.2 First six order natural frequency and mode shape of diesel engine

B2 Order & 45 471> Natural frequency/ Hz B2 Order [ 372 Natural frequency/ Hz
768.54 4 1 226.60
969. 12 5 1622.20
3 1172.30 6 1 897.10
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Fig.5 The testrig of modal analysis Fig.6 The schematic flow of experimental modal analysis
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2, HAE/INT3.02% , HEERIEK 3, &3 nRE A BROTHAE TSR,
F3 HFAIESIRINIRER
Tab.3 Vibration frequencies experimental modal of a diesel engine block

i PERCES TR LR FART IR 2E
Order Theoretical modal frequency/Hz Experimental modal frequency/Hz Relative error/ %
1 768. 54 766. 639 0.25
2 969. 12 984. 603 1.57
3 1172.30 1 208.791 3.02

SMALIN RS ER 1 iR SR B MR FE AP IR s 55 2 BrdiR R R BN MRSEM 1 Bir S ik
s 53 BRI R B A A 5 il R e A P IR B, SCERARAS T HT 3 B IR ANIAT 7 B

a) 8 1 BB s ik 7 b) %5 2 B AL AR AL o) 4 3 B LA IR Al
First order mode shape Second order mode shape Third order mode shape

B7 H1-3HMITRESKRE
Fig.7 First order to third order experimental mode shape
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