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Abstract: Condition based maintenance method of rotating machineries generally applies vibration monitoring and analysis 

technique. The vibration response is an ideal source of information relevant to the machine condition. In addition, real-time vibration 

measurement and analysis data can provide fault diagnosis and performance of the machine.  For the complex propulsion shafting 

system vibration monitoring, a number of components will be checked simultaneously and this necessitates a reliable and efficient 

monitoring system. Likewise, continuous monitoring of vibration data will require large storage capacity for the purpose of 

performance prediction and future investigation. 

In this paper, a global vibration and ship performance measurement were carried out on a coastal trade 580GT class passenger car-

ferry propulsion shafting system. Correlation between propulsion shafting system parameters such as ship speed, propeller shaft rpm, 

torque and power were analyzed. Further, the EDiMs (Energy Efficiency Design Index or Operation Index Monitoring System) and 

EVAMOS (Engine/Rotor Vibration Analysis and Monitoring System) software were utilized to record and analyze all measurement 

signals including ship position (latitude and longitude) and at the same time have the capability to store large data.  Results herein are 

made as basis for condition diagnostics and performance estimation of the propulsion shafting system.  
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1. Introduction  
 Different methodologies can be applied for condition 

diagnostics and ship performance estimation. However, most of 

these approaches have not considered other excitation source that 

contributes to the actual condition of the machine [1]. Further, an 

effective diagnosis should be able to detect and make reliable 

prediction before entering the state of the malfunction or 

breakdowns of the machinery [2]. Propulsion shafting system 

vibration analyses focus normally on identifying the dangerous 

resonances brought about by vibrations such as torsional, 

whirling or axial. These vibrations are brought about by either the 

propulsion shafting system mechanical components excitation or 

external factors. Hence, propulsion shafting vibration 

measurement data can be an effective source of information for 

condition monitoring by correlating the relationships between its 

parameters that include angular velocity, torque, power, ship 

speed and propeller shaft speed.  

The relationship between power and speed plays the main 

role in the identification of ship’s propulsive performance. 

Although many scientific literatures have been published, 

procedures vary to confirm its relationship and produced 

inconsistency in its results [3]. The ISO 15016:2015 

presented corrections in the analysis of speed and power 

measurement. In the calculation of shaft power, it should be 

noted the complication involved brought by onboard 

condition and therefore must rely on proficient technologies 

that operates within the permitted classifying body 

regulations [4]. In this paper, the speed and power 

relationship was investigated utilizing a vibration 

monitoring tool. Further, the propulsion shafting dynamic 

characteristics were analysed. Vibration measurement and 

analysis were carried out on a coastal trade 580GT class 

ferry propulsion shafting system with a twin-engine two-

propeller configuration.  
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2. Ship’s propulsion performance  

2.1 Experimental setup 
Figure 1 shows the subject vessel runs on a round trip voyage 

and Figure 2 illustrates the vibration measurement data 

acquisition zone during its start and return trip. Likewise, 

indicators A and B will represent the starting route while 

indicators C and D the return route respectively during round trip 

voyage. Table 1 shows the engine and propeller specification.  

 

 
Figure 1: Overview of 580GT class passenger & car-ferry ship 

 

 
Figure 2: Measurement data acquisition zone 

 
Table 1: Main engine and propeller specification 

Type CAT 3512C × 2 sets 
Power 1,350kW x 1,600 r/min 

No. of Cylinder 12 
Bore 170 mm 

Stroke 190 mm 

Firing Order 
1-5-3-6-2-4 

with 420º bank firing angle 
Propeller (M.O.I. in water) 106.38 kg-m2 

Maker Caterpillar 

 
Figure 3 shows the schematic diagram for the vibration 

measurement equipment. The mass – spring system during the 

normal operation mode is presented in Figure 4. The main engine 

is equipped with a damper while flexible coupling was installed 

between the flywheel and the reduction gear. Both the starboard 

and port engine were fitted with a strain gauge, tachometer and 

angular velocity encoder. It can be noted that different telemetry 

system was installed in order to prevent synchronization of the 

frequency signal affecting the data accuracy. Velocity sensors 

were also used for ship hull vibration and the DGPS sensor for 

ship speed measurement and position in real time. Acquired data 

were recorded and analysed using the EVAMOS (Engine/Rotor 

Vibration Analysis Monitoring System) software. 
 

 
Figure 3: Schematic diagram for vibration measurement. 

 

 
Figure 4: Mass - spring system of propulsion system 

 

 
Figure 5: Computer and measurement equipment installation 
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2.2 Data acquisition 
Torsional vibration was calculated to confirm the dynamic 

characteristics of the propulsion shafting system including the 

main engine. The calculated torsional vibration stresses of the 

shaft along with the vibratory torques of the flexible coupling 

were verified to be acceptable at all engine operation range. 

Power measurement was carried out by taking into account 

the changes in the gage resistance and, as such, torque is 

generated on the shaft. With the shaft speed, power can now be 

obtained by the equation: 
 

                                                                 (1) 

where, P is power, T is torque, ω is the angular velocity and n is 

the shaft speed.  

From the vibration and speed measurement, the torque by the 

propulsion shafting system can be seen on Figure 6 and the 

propeller shaft angular velocity on Figure 7 during the round-

trip voyage. Figure 8 shows the calculated power generated at 

each vibration measurement acquisition point of the propulsion 

shafting system while Figure 9 is the ship speed measurement. 

Again, the indicators A, B, C and D refer to the vibration 

measurement data. 
 

 
Figure 6: Calculated torque during round trip voyage 

 

 
Figure 7: Propeller shaft angular velocity during round trip voyage 

 
Figure 8: Power calculation during round trip voyage 

 

 
Figure 9: Ship speed measurement during round trip voyage 
 
As the propulsion shafting system involve a number of 

complex component, changes and deviation from standard 

parameters should provide the user diagnosis and prediction of 

the specific component. The EVAMOS program developed by 

the Dynamics Laboratory – Mokpo National Maritime 

University conforms to these requirements. The EVAMOS 

compact program can continuously determine the dynamic 

characteristic of the propulsion shafting system and function as 

a condition monitoring tool. Further, it also has a large storage 

capability to save vibration measurement data for future 

referencing, review and investigative purposes. 

Figure 10 to Figure 13 are the parameters at Route A 

considered in the condition monitoring of the propulsion system. 

In Figure 10, the torque mean value was identified for the 

starboard and port main engine. The deviation occurring in this 

parameter can be attributed to the wear or breakdown in 

mechanical component of the propulsion system such as clutch 

and flexible coupling.  Figure 11 is the measured propeller 

shaft angular velocity mean value. In this area, deviation can be 

attributed to propeller fouling, hull fouling or misalignment. 

The calculated power mean value is given in Figure 12 and 

changes in value can be attributed to the parameters above. 
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Lastly, the ship’s mean speed is given at 14.95 knots. In 

reference to Figure 9, it can be observed that the ship speed at 

Route A and B is faster compared to Route C and D. In this area, 

the difference can be attributed to external factors such as sea 

current, wind direction and even hull fouling. All measuring 

results are showed in Table 2. As these results, the sea marine 

for power was 30% in starting route and 26% in return route. 

Although the condition monitoring program have a large data 

storage capability, deeming only the propulsion shafting 

vibration measurement data at its normal operation range and its 

mean value will be stored, this will free up more storage.  

Figure 10: Calculated torque at Route A 

Figure 11: Measured propeller shaft angular velocity at Route A 

Figure 12: Calculated power at Route A  

Figure 13: Measured ship speed at Route A 

 Table 2: Summary of measuring results 

3. Vibration and analysis [5]
In this measurement, the torsional vibration is focused in 

order to confirm the theoretical calculation. According to the 

calculated results, these propulsion systems have torsional 

vibration resonance in 1st node at 12.753 Hz, it is similar to the 

measured result (Figure 16). Figure 14 and Figure 15 show the 

vibratory torque curve during the ahead clutch engage. Look 

more detail in Figure 15, it is easy to count about 12 pulses of 

vibration per second. During engaging action, the torsional 

vibration meets the resonance at about 12 Hz, the vibration 

amplitude is bigger. It is recommended to change the engage 

speed to prevent the resonance occurring, it may result 

damaging the shafting system. 

The calculated results also show the torsional vibration 

resonance in 2nd node at 33.874 Hz, it can be seen at the 

measured resonance of 1.5th order angular velocity of 

intermediate shaft showed in Figure 17. Engine should be 

avoided working in that resonance range. Structure vibration of 

navigation bridge is shown in Figure 18. Based on experience, 

the vibration behaviour can be improved by changing the 

specification of propulsion system such as changing the number 

of propeller blade, etc. 

Torque 
[kN-m] 

Propeller shaft 
speed [r/min] 

Power 
[kW] Ship 

speed 
[knots] Stb. 

engine 
Port 

engine 
Stb. 

engine 
Port 

engine 
Stb. 

engine 
Port 

engine 

A 22.33 21.92 378.7 377 885.6 865.4 14.95 

B 23.05 22.74 385.8 383.8 931.3 913.9 15.05 

C 24.26 23.79 389.5 386.6 989.7 963 13.4 

D 23.4 23.5 383.7 381.7 940.4 937.7 13.8 
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Figure 14: Vibratory torque curve during the ahead clutch 

engage  

Figure 15: Vibratory torque curve (detail) during the ahead 

clutch engage 

Figure 16: 1st node torsional vibration stress spectrum during 

the ahead clutch  

Figure 17: 1.5th order angular velocity of intermediate shaft 

Figure 18: Structural vibration waterfall map of navigation 

bridge at longitudinal direction 

4. Conclusion
A global vibration and ship performance were carried out on a 

coastal trade 580GT class passenger car-ferry. On the other 

hand, condition based monitoring normally applies data 

acquisition and analysis. In this paper, the EDiMS and 

EVAMOS software were utilized to analyse both the propulsion 

shafting dynamic characteristic and the correlation between ship 

speed, torque, power and propeller shaft angular velocity. The 

results are as follow: 

(1) The EDiMS and EVAMOS software can continuously 

measure in long-term operate for ship propulsion performance 

estimation, machinery condition diagnostic and exhaust gases 

emission. It is a suitable tool for inventory and ship energy 

management plan, great support for Preventive Maintenance 

Checks and Services (PMCS). 
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(2) The propulsion shafting system is a complex system but 

taking into account its vibration parameters such as torque, shaft 

speed, ship speed and power, the condition diagnosis and 

performance estimation can be carried out for every shafting 

component.    

(3) Ship speed and power is the vital factor in identifying the 

ship’s propulsive performance. However, the relationship 

between speed and power has not been fully defined.  

(4) The torsional vibration was measured in order to confirm 

the theoretical calculation and ship comfortability. According 

analysed results, the engine should be avoided operating at the 

resonance range. The vibration behavior can be improved by 

changing the specification of propulsion system such as 

changing the number of propeller blade, etc. 
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