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Abstract

This paper presents the numerical estimation of the fatigue life for the welded parts of the engine
frame box of the S60MC-C vessel engine. The time-variations of the effective stresses at the critical
points during a piston cycle are computed through the finite element analysis, by applying the dynamic
loadings that were analytically derived by the kinematic analysis. The fatigue life of the welded parts
is estimated by making use of the hot-spot stress extrapolation and the Palmgrem-Minor cumulative
damage rule.
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Table 1 Detailed data of S-N curves

A

Mean Mean-1SD Mean-2SD
4.0 2.34x10" 1.54x10" 1.01x10"
35 1.08x10™ 6.75x10" | 4.22x10"
3.99x10" 2.46x10" 1.52x10"
3.0 3.29x10" 1.85x10" 1.04x10"
3.0 1.73x10" 1.05x10% | 6.33x10"
) 1.23x10" 7.28x10" | 4.31x10"
3.0 5.70x10" 3.77x<10" | 2.50x10"
3.70x10" 2.42x10" 1.58x10"
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Fig. 1 Structure of the S60MC-C engine
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Fig. 3 Parts in the 3-D model
Table 2 Numbers of parts

Components Number
Cylinder Frame 1
Frame Box 25
Bedplate 15
Stay bolt 4
Ship 10
Bolt, Nuts 16
Crank shaft 1
Total 72

o] 74+ Table 29} #t}.
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(b) Boundary conditions

(a) FEM mesh
Fig. 4 FEM model and boundary conditions
Table 3 Mesh information

Components Size | Method | Node | Element
Cylinder frame 65mm | Hexa 34,584 10,855
Frame box 50mm Hexa 185,799 51,286
Bed plate 60mm | Hexa 84,285 24,608
Stay bolt 50mm Hexa 43,581 8,548
Ship 70mm Hexa 4,334 1,024
Ship bolt, nut 30mm Hexa 3,362 966
Parts joint bolt, nut | 30mm Hexa 9,605 2,441
Bearing cap bolt 50mm Hexa 8,296 1,632
Shaft 80mm Hexa 5,446 1,150

Total number 379,292 102,510

Table 4 Material properties

Components gzilllléd%ro)f’rame, Eg‘}%’s bolt, Il;/ézllgng
bed plate support

Material SM400B SCM435 | SCW480

p [kg/m’] 7850 7850 7850

E [GPa] 215 205 215

v 0.3 0.29 0.3

oy [MPa] 230 460 260

ol 7] flvkar 7HAdety] fls AA =4S o
7] flsl dEQ & 2x10* GPa® A3

Al 747

2 - FEHze] d s
AATFERACE 3 40 AdAde] dud

o= A AA =3, AAFE= e AFe

of s & gS AFTH ASAARTS A

Ay ZY e =z dha, ZEe] vt wE=

ZHo|ES} AA| o] mpERzoR wpAASE

N
N
=



Table 5 Load conditions for 8 steps

Cyinder #3 Cyinder #4
Item Lateral force | Crank load | Lateral force | Crank load
Angle (kN, mm) (kN) (kN, mm) (kN)
M P \% H M P \% H
e ol L1 v T o [~ 114 -
105 | 1148 22.48 | 925 |94.36 | 366.7

33° 1220.7| 385 |523.7|437.2 4052 | 296 | 119.6 | 221.0

| |
0 1 105 |1485] ©

206.0 | 1534 | 404.7 | 601.0 | 240.7 | 296 | 761.7 | 421.1

PP I T B
149.0 | 925 | 177.1 | 493.2

87°

34.04 | 2481 | 689.1 | 143.6 | 222.4 | 1870 | 566.2 | 608.1

e |l L v <1 L1311 =
88.58 | 2377 | 673.7 | 322.2 | 51.28 | 2450 | 672.6 | 213.0

164°

P B I B B N B R
141.1 | 1598 | 308.6 | 538.6 | 71.63 | 2417 | 685.2 | 270.4

341° 19489 | 201 | 145.9 | 204.3 | 99.92 | 1358 | 163.5 | 490.1
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Fig. 5 Part number

Table 6 Maximum stress to the crank angle

Crank angle Position Peak stress(MPa)

0° 1354

33° 137.7

60° Near stay bolt 141.6

" 87° | at the bottom 155.9
164° of frame box 153.6

216° 141.3
270° 144.2
341° 219.4

Table 7 Maximum stress at each part

Part number | Crank angle Peak stress(MPa) Safety factor
1 216° 33.5 6.68
2 0° 1354 1.70
3 341° 155.1 1.48
4 216° 136.9 1.68
5 87° 116.7 1.97
6 87° 109.4 2.10
7 164° 137.8 1.67
8 341° 158.1 1.46
9 341° 219.5 1.05
10 341° 131.9 1.74
11 87° 24.1 4.85
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Fig. 6 Locations taken for the fatigue life analysis
Table 8 Estimation of fatigue life

Locatio | RIS | Noof | eyele | B | PO
n [Mpa] cycles limit per cycle (year)
2.241 1 9.24E+10
@ 0.640 1 3.97E+12 | 1.082E-11 1674.4
0.173 1 2.01E+14
9.429 1 1.24E+9
@ 0.833 1 1.80E+12 | 8.06E-10 22.5
0.311 1 3.46E+13
3.698 1 2.06E+10
©) 2.137 1 1.07E+11 | 4.86E-11 372.6
1.816 1 1.74E+11
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