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A Study on the Analysis of Fatigue and Vibration

of Cylinder Cover Stud for Marine Diesel Engine

Dong — Geon, OH

Department of Marine System Engineering
Graduate School

Korea Maritime University

Abstract

Cylinder cover of low-speed marine engine is assembled and fastened
with stud bolts at the upper part of cylinder liner. So, the stud is quite
important for safe and reliability design of engine.

The cylinder cover stud receives axial force from the initial fastening
torque and cyclic explosion pressure during combustion period in cylinder
chamber. Due to the cyclic loading it is estimated to cause fatigue failure in
the stud at much lower stress values than static yield strength of the
material of the stud.

In this case, Fatigue Analysis Method is well corresponded to the Fatigue
life estimation of the stud. In this study, it was accomplished the Fatigue
Analysis for the stud considering loading type, mean stress effects, variable

stress concentration, surface finish factor, reliability factor, temperature



factor and size factor of the stud. The analysis was conducted using
ANSYS code with solid modeling.

The results of the fatigue analysis showed that the stud have infinity
fatigue life under normal operating conditions and the fatigue strength of
the stud is sufficient.

The cyclic explosion pressure during combustion period in cylinder
chamber is only considered as cyclic load for fatigue failure of the stud in
previous study.

However, the cyclic load causes the harmonic excitation vibration to the
stud. Also guide force moments caused by the transverse reaction forces
acting on the crossheads of engine may excite engine vibrations, moving
the engine top athwartships and causing a rocking (excited by H-moment)
or twisting (excited by X-moment) movement of the engine.

So, in this study, to evaluate vibrational characteristics of the stud natural
frequencies and mode shapes of the stud are analyzed and compared with
potential sources of excitation.

The analysis, including natural frequency and mode shapes, for two(2)
cases of the stud is conducted using ANSYS code with solid model.

The results in the study provides a updated framework for the further

design of cylinder cover stud of low-speed marine engine.
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Table 2.1 Specifications of the stud

Ttems Specifications
Length 2,160 mm
Diameter 120 mm
Dimension
Volume 23.85 ¢
Mass 187.18 kg
Material type SNCMA439
Young's modulus 210 GPa
Material Yield stress min. 885 MPa
Part Tensile stress 800~850 MPa
Elongation min. 16%
Poisson’s ratio 0.30
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Fig. 4.1 Model of vibration mode analysis for stud
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Table 4.1 Exciting frequency of system

Exciting
L Order frequency [Hz]
No| Description (for shaft rpm) (rpm range : Remark
26~104 rpm)
X 1 04 ~ 1.7
explosion
1
cycle
X8 X1 3.5 ~ 139
X 3 1.3 ~ 52
X 4 1.7 ~ 6.9
X 8 3.5 ~ 139
X9 39 ~ 156
2 | X moment
X8 X 3 104 ~ 416
X 8 X 4x 139 ~ 555
X8 X 8 2777 ~ 110.9
X8X 9 31.2 ~ 1248
X 12 5.2 ~ 208
3 | H moment
X 8 X 12 416 ~ 1664

_27_




44 823 9 e

Boogoa] A= RE=gA4S ANSYS code & S35l on, 172%
T A ZA3= Table. 4.2 ¢F 2o} FolA &9 HEd FES dRe 44
o

oM EAsh= LfRlEgolvh

Table 4.2 Natural frequency of the stud

Mode Natural Frequency [Hz]
(order) Case 1 Case 2
1 506.9 221
2 o07.1 22.1
3 1387.3 135.5
4 1387.6 135.5
) 2662.9 370.1
6 2663.6 370.2

44.1 Case I(&HE= g A4)9 &4 4734 A&

2

ANEEAE Betatr] flaf 1abellA 62 R=d o2& nf{FlEFd AR
=5 skl er, Fig. 4.2 W tolotigiol A K= npe} 3Fe], Table 4.2
ol 1x RZ7} 5069Hz 2 Table4.19 At 7AF35 1664Hz (H
moment, 8x12x})e} Bl A &) 7hsAde glvh welas] AHE=E7E AaskA

AAEAE AFoE TR 7MeAe gl Aoz AEdvh Fig. 43 ~
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Fig. 4.2 Campbell diagram of excitation for locked stud
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Total Deformation
Type: Tatal Defarmation
Frequency: 506,96 Hz
Unit: mm

2009-07-08 2% 249

3.9393 Max
35016

3.0639
26262

2,1885

1.7508

1.3131
0,87541
0.4377

0 Min

0.0 1000,00 (mm)

280,00 780,00

Fig. 4.3 Mode shape of locked stud (1*, 506.9Hz)

Total Deformation 2
Type: Tatal Defarmation
Frequency: 507,11 Hz
Unit: mm

2009-07-08 2% 249

3.9396 Max
35019

3.0641

26264
21887

1.7509

1.3132
0,87547
0.43774

0 Min

0.0 1000,00 (mm)

280,00 780,00

Fig. 4.4 Mode shape of locked stud (2™, 507.1Hz)
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Total Deformation 3
Type: Tatal Defarmation
Frequency: 1387 3 Hz
Unit: mm

2009-07-08 2% 250

3.7651 Max
3,3468
2,9284

2510

20917

1.6734

1,255

0,8367
0.41835

0 Min

0.0 1000,00 (mm)

280,00 780,00

Fig. 45 Mode shape of locked stud (3™, 1387.3Hz)

Total Deformation 4
Type: Tatal Defarmation
Frequency: 1387 6 Hz
Unit: mm

2009-07-08 2% 250

3.7652 Max
3,3468
2,928

2510

20918

1.6734

1.2551

0,8367
0.41835

0 Min

Fig. 4.6 Mode

0.0 1000,00 (mm)

280,00 780,00

shape of locked stud (4™, 1387.61z)
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Frequency [Hz]

400 -

Idle MCR
Operating Range

(6 order) 370.1 [HZ]

350 —

300

250 —

200

150 -

(5 order) 370.2

H-moment

* 8*12\

/ (3 ordesy 1355

100 —

50
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—
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221

L v T v 1
40 80 120
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Fig. 4.7 Campbell diagram of excitation

for stud with loosened nut
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Total Deformation
Type: Total Deformation
Frequency: 22,072 Hz
Unit: mm

2009-12-23 2% 1358

48714 Max
4,30

37680
3247
27083

21651

1.6236
1.0825
054127

0 Min

Total Deformation 2
Type: Total Deformation
Frequency: 22,077 Hz
Unit: mm

2009-12-23 2% 4118

4.8717 Max
43304
37601
3247
27065
21652
1.6239
1.0826 ‘
05413 |
0 Min

Fig. 4.9 Mode shape of stud with loosened nut (2™, 22.1 Hz)
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Total Deformation 3
Type: Total Deformation
Frequency: 135,49 Hz
Unit: mm

2008-12-23 2% T2

5.0302 Max
44713
30124
33535
27946
2,2357
16767
11178
0,55631
0 Min

L

Total Deformation 4
Type: Total Deformation
Frequency: 135,63 Hz
Unit: mm

2009-12-23 2% T8

5.0305 Max
44716

30128

3.3837
27947
2,2358

1.6766

11179
0,55655

0 Min

Fig. 4.11 Mode shape of stud with loosened nut (4™, 135.5 Hz)
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Total Deformation 5
Type: Total Deformation
Frequency: 370,09 Hz
Unit: mm

2009-12-23 2% &

5.1501 Max
46778

4, 0056
34334

28611

2,2889

17187

1.1445
0.567223

0 Min

Fig. 4.12

Total Deformation 6
Type: Total Deformation
Frequency: 370,17 Hz
Unit: mm

2009-12-23 2% T2

5.1503 Max
4,5181

4, 0058
3433
28613

2,289

17166

1.1445
0.57226

0 Min

Fig. 4.13 Mode shape of stud with loosened nut (6™, 370.2 Hz)
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