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ABSTRACT

Marine diesel engine production and refinements sought a continuous increase on mean effective pressure
and thermal efficiency. These results in increased maximum combustion pressure within the cylinder and
vibratory torque in crankshaft. As such, crankshaft should be designed and compacted within its fatigue
strength. In this paper, the 8H25/33P(3,155ps x 900rpm) engine for ship propulsion was selected as a case
study, and the strength analysis of its crankshaft is carried out by: simplified method recommended by IACS
M53 and a detailed method with the crankshaft assumed as a continuous beam and bearing supported in its
flexibility. The results of these two methods are compared with each other.
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Fig. 1 Stresses in cartesian coordinate system

Klasticity

Fig. 2 A plane inserting elemental cube,

n represents a normal to the plane
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Fig. 4 Stress concentration of
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Fig. 8 Mass spring system for torsional vibration

Table 1 Angular velocity amplitude of crankshaft
free end at full load(unit : mrad/s)

Order Calculated Measured
3.5th 352.82 560.0
4.0th 719.0 840.0
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Fig. 9 Torsional stress of cyl. No. 8 with tuning damper
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Fig. 10 Vibratory torque of cyl. No. 8 at 900 rpm

3.5 The maximum equivalent stresses with stress concentration factor

Crank pin fillet 158.58 N/mm2
Crank journal fillet 182.93 N/mm2
Crank pin dore hole 131.4% N/mm2

3.6 The fatigue strength according to IACS

Crank pin diameter 270.26 N/an2
Crank journal diameter 269.85 N/mn2
Crank pin bore hole 280.58 N/mn2

3.7 Acceptability criteria{Q>=1.15) factor

In crank pin 1.795%
In crank journal 1.471
In crank pin bore hole 2.135
Permissible torsional stress in crankpin fillet 55.48 N/mn2

Permissible torsional stress in crank journal fillet  45.19 N/mm2

Fig. 11 Crankshaft strength analysis by simplified
calculation method
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Fig. 12 Continuous beam
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Fig. 13 Bending moment and vibratory torgue
at crank throw fore side of cylinder No. 3
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Fig. 14 Bending moment and vibratory torque

at crank throw aft side of cylinder No. 5

h.6 The maximum equivalent stresses with stress concentration factor

Crnak pin fillet fore & aft side Crank journal fillet for & aft si

{N/an2) (N/an2) {N/nnm2) {N/mn2)
Sylinder No. 1 151,16 132.13 174.26 168.93
Cylinder No. 2 142.98 187.12 176.75 184.11
Cylinder Ho. 3 147 44 139.61 182.45 173.80
Cylinder Ho. & 139.09 145.58 175.79 181.47
Cylinder Ho. S 145.79 139.30 181.58 178.91
Cylinder Ho. o 139.28 147 .43 172.1% 181.17
Cylinder Ho. 7 145.19 151.28 180.19 176.18
Cylinder Ho. 8 136.50 145.62 171.52 177.18

4.7 Acceptability criteria(@>=1.15) factor

Crnak pin fillet fore & aft side Crank journal Fillet fore & aft s

Cylinder Mo. 1 1.91483 2.04537 1.55399 1.59265
Cylinder No. 2 1.8981% 1.83696 1.52217 1.48559
Cylinder Ho. 3 1.83300 1.93576 1.47u68 1.54806
Cylinder Ho. & 1.95309 1.8564h 1.53929 1.48260
Cylinder No. 5 1.85371 1.94012 1.48168 1.53818
Cylinder Ho. & 1.94037 1.83309 1.562h8 1.48564
Cylinder No. 7 1.85136 1.91288 1.49313 1.52713
Cylinder Ho. 8 1.97985 1.85596 1.56863 1.51854

Fig. 15 Crankshaft strength analysis [
by detailed calculation method

5.6 The maxinum equivalent stresses with stress concentration factor

Crnak pin fillet Fore & aft side Crank journal fillet for & aft si

(N/an2) (N/ra2) {W/an2) (W/an2)
Cylinder Ho. 1 147.47 158.14 182.86 196.50
Cylinder No. 2 178.13 162.32 214,87 200.04
Cylinder Ho. 3 157.8% 172.46 194.7% 210.32
Cylinder Ho. 4 171.96 155.98 219.02 198,45
Cylinder Ho. 5 156.068 172.12 194.56 210.18
Cylinder Ho. 6 171.55 157.63 208.27 192.61
Cylinder No. 7 161.53 176.99 200.30 214.66
Cylinder Ho. 8 161.69 151.94 19864 185.92

4.7 acceptability criteria(Q>=1.15) Factor

Crnak pin Fillet fore & aft side Crank journal Fillet fore & aft s

Cylinder No. 1 1.83259 1.70899 1.47137 1.36922
Cylinder No. 2 1.51718 1.66492 1.2524% 1.35u95
Cylinder Ho. 3 1.71219 1.56769 1.38159 1.2792%
Cylinder Ho. & 1.57159 1.73356 1.28107 1.3836%
Cylinder Ho. S 1.73148 1.57918 1.38288 1.28056
Cylinder Ho. 6 1.57541 1.72180 1.29186 1.39686
Cylinder No. 7 1.67311 1.52760 1.34328 1.25337
Cylinder Ho. 8 1.67145 1.77867 1.35445 1.u4714

Fig. 16 Crankshaft strength analysis I
by detailed calculation method
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