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ABSTRACT

Recently, many researchers have been performing condition-based maintenance (CBM) and
condition-based maintenance Plus (CBM+) using measured data collected by the condition monitoring
system installed in a naval ship. The Republic of Korea (ROK) navy has adopted the interactive
collection analysis system (ICAS) for integrated propulsion control system to perform CBM; however,
effectively using the measured data from ICAS and installing additional sensors on ICAS to measure a
particular set of data are very difficult because of ICAS license limitations. Recently, quality problems of
the propulsion shaft system have been occurring frequently. Therefore, a real-time monitoring and
evaluation system is required to ensure the quality of the propulsion system. In this research, a condition
monitoring system is proposed for propeller shock, one of the most common quality problems of the shaft
system. In addition, using a digital twin is proposed for evaluating the health of the shaft system.
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3 Disc B 297 - -

4 Motor 3453 - -

5 112 4264 - - Gearbox

Table 2 Properties of bearings
Stiffness [N/mm] .
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Vertical |Horizontal| Axial ratio

1 Bearing 1 | 1.16E+7 | 1.16E+7 - 0.01

2 Bearing 2 | 5.10E+6 | 5.10E+6 - 0.01

3 Bearing 3 | 5.90E+6 | 5.90E+6 - 0.01

4 Bearing - - 8.52E+6 0.01

5 Bearing 4 | 3.52E+6 | 1.14E+7 - 0.01

6 | Aft Gearbox | 2.40E+6 | 2.40E+6 - 0.01

7 |Fwd Gearbox| 2.53E+6 | 2.53E+6 - 0.01
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Table 4 Applied load to the propeller for event 1~4

Torsional moment Thrust load Bending load
Event No. r/min At
Q Q, T, 7, F, F,
1 200 0.125 717.5 2954 900.9 1244.5 1131.4
2 220 0.03 856.2 219.7 991.0 0 104.6
Gravity load
3 120 0.5 258.3 454.6 540.5 0 0
4 200 0.5 717.5 1528.5 900.9 0 0
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Table 5 RUL estimation results under event 1 ~4

Item Event 1 Event 2 Event 3 Event 4 Unit
Tensile stress(o,,) 655.0 655.0 655.0 655.0 MPa
Yield stress(0y) 589.5 589.5 589.5 589.5 MPa
Fatigue limit(0z) w/o static load 218.3 218.3 218.3 218.3 MPa
Fatigue limit(0z) with static load 172.0 116.2 171.9 129.2 MPa
Damage(D= L (N./N; ;) 0.0 0.0 1.0E-06 1.4E-03 -
Max. static stress 73.5 241.0 73.8 202.0 MPa
Max. shock stress 149.1 12.8 173.0 622.2 MPa
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