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A Study on Shaft Fatigue Strength due to Torsional Vibrations
in Two Stroke Low Speed Diesel Engines
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ABSTRACT

Two stroke low speed diesel engines are mainly used for marine propulsion or power plant prime mover.
These have many merits such as higher thermal efficiency, mobility and durability. However various annoying
vibrations sometimes occur in ships or at the plant itself. Of these vibrations, torsional vibration is very
important and it should be carefully investigated during the initial design stage for engine’s safe operation. In
this paper authors suggest a new estimation method of for shaft’s can be calculated equivalently from
accumulated fatigue cycles number due to torsional vibration. The 6S70MC-C(25320ps * 9lrpm) engine for
ship propulsion was selected as a case study, and the accumulated fatigue cycles numbers for shafting life
time converted from the measured angular velocity and torsional vibration stress was calculated. This new
method can be realized and confirmed in test model ship with two stroke low speed diesel engine.
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Fig. 2 Effect of mean stress on fatigue life
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Fig. 3 The torsional stress of intermediate shaft
for steady state condition
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Table 1 Specification of 6570MC-C propulsion engine
[ Type 6S7TOMC-C
Cyl.borexstroke 700 x 2,800 mm
Power at MCR 25,320 bhpx 91 rpm
Pm at MCR 20.3 bar
Engine Recipro. mass 7972 kg/cyl
g Firing order 1-5-3-4-2-6
Conn. ratio{r/1) 0.488 .
M.OJ(en. total) | 206865 kg - m” (55 %)
Minimum speed |25 rpm
Weight 555 ton
Type Fixed pitch propeller
Dia 8200 mm
Propeller Dia of shaft 550 mm
rope No. of blade 4 ea
MOI(n water) | 170493 kg - m’ (45 %)
Weight 47 ton
600
500 1
% 400
E 300 +
Sg 200
;‘Z’mm - g
0 ; ; , y r v
30 40 50 60 70 80 90

Engine speed{(rpm)

Fig. 4 The angular velocity amplitude of turning wheel
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Fig. 5 The torsional stress of intermediate shaft

for transient condition
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Fig. 6 Engine speed variation{The angular velocity
amplitude) of turning wheel for transient condition
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Table 2 Torsional vibration stresses amplitude of
intermediate shaft at 6th order resonance peak 44 rprfl

- Calculation [Measurement| pyle(77)
Description (N/m) (/) (N/ar)
Crank shaft + 286 +325 About* 375
Intermediate

+ 897 +1020 |About 1093
shaft
Propeller shaft + 654 + 744 About + 814

Istrain (Telemetering System) Angular Velocity Axial Displacement
HBM MGC plus AEC PU-36 + ONOSOKKI 1300 Axial Monitoring System
> From intermediate shaft > From turning whee! > From crankshaft fres end

I 1 |

TFape Recorder
Sony 208A

[ 1

AID Board
Instrunet 1008

FFT Analyzer
DI 2200

Laptop
Samsung SenseX10

Laptop
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Fig. 7 Schematic diagram for T/V measurement

Fig. 8 Telemetering system at intermediate shaft
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Fig. 9 Torsional stress of intermediate shaft
In steady state condition
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Fig. 10 Angular velocity amplitude gained directly
from gap sensor and F-V converter at turning wheel

Fig. 11 Angular velocity amplitude filtered from gap
sensor and F-V converter at tumming wheel

Fig. 12 Relative comparison value of angular velocity
amplitude of tuming wheeel for rule requirement

Fig. 13 Equivalent cycles of angular velocity
amplitude of turning wheel for rule requirement
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Fig. 14 Torsional stress of intermediate shaft
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