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Reaction Force Analysis on the Journal Bearing of Shafting System
with Contra-Rotating Propeller
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Abstract According to the International Maritime Organization (IMO) 2020 Regulation, ships operating
outside designated emission control areas (ECA) have to use low-sulfur oil with a sulfur content of 0.5%
or less by January 2020. To minimize the consumption of high-priced low-sulfur oil, it is urgent to
introduce efficient energy-saving devices (ESD), and contra-rotating propeller (CRP) systems are well
known to be the most effective one. The shafting system that drives a CRP is composed of an inner shaft
and an outer one and has a mutually influential system that is much more complex and heavier than
a general shafting system. An initial design was carried out to install a CRP system for the first time in
Korea. The purpose of this study is to verify whether the journal bearing meets the classification's design
criteria through a bearing reaction force analysis for the classification's approval of the initial design.
It is ideal for the thrust of the propeller to act on the center of the shaft, but thrust eccentricity occurs
due to the uneven wake caused by the stern shape. Load conditions were applied while considering
thrust eccentricity to perform the shaft analysis, and the results were compared with the classification's

criteria.
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Fig. 1. Contra-rotating propeller
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Fig. 2. Shafting system for contra-rotating propeller
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Table 1. Information of developed contra-rotating

propeller
Propeller Diameter (m) | Weight (ton) | Design RPM
Forward 5.6 9.9 96.8
Aft 4.5 7.0 129
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Fig. 3. FE model for the shafting system
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Table 2. Non-dimensional forces for six degrees of

freedom
. . Non-dimensional Forward
Direction o Aft prop.
coefficient prop.
Cy, 0.17416 0.13411
Axial
Cu 0.02185 -0.01464
Cy, -0.00076 0.00010
Horizontal
Coy 0.00233 0.00018
Gy, -0.00018 | -0.00018
Vertical
C,. 0.00056 -0.00053
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Table 3. Calculated thrust eccentricity
Vertical Horizontal
Propeller . .
eccentricity(mm) eccentricity(mm)
Forward 74.7 above 18.0 starboard
Aft 6.0 above 17.8 port
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Fig. 6. Position of the thrust eccentricity
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Table 4. Propeller forces applying to shaft analysis
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Fig. 7. Propeller forces and additional propeller weight
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Fig. 9. Definition of the section for each journal bearing
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Table 5. Bearing reaction forces and mean pressure

Journal Effective Total reaction Mean
bearing length(mm) force(kN) pressure(MPa)
No. 1 560 104.7 0.42
No. 2 1180 309.8 0.44
No. 3 280 233.0 1.41
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