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Development of A transmission for High-Speed Ship

In-Hwan Kimx

- Hyoung-Woo Leet

Abstract . Vibration/noise analysis as well as strength of planetary gear train are
considered in order to develop a transmission for a high-speed ship. The vibration
model of a gear pair is developed with considering the elastic deformation of the active
teeth and the body to be a rigid. Excitation forces of the transmission system are
considered as the mass unbalance of the rotors. misalignment and a function of gear
transmission error which comes from the modified tooth surface. A Campbell diagram,
in which the excitation sources caused by the mass unbalance of the rotors,
misalignment and the transmitted errors of the gearing are considered, shows that, at
the operating speed, there are not the critical speed.

Key words : Planetary gear train (f47101¢¥).
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Table 1 Input parameters for IACS MS56 bending
stress analysis

Gear Factor | Sun gear Planetary Ring gear
gear
F, QD 93,590 93.590 93,590
by (mm) 93 93 93
Yy 0.6618 0.7714 0.238
Ys 2.5450 2.4480 4.936
Yy 1 1 1
Ky 1 1 1
K, 1 1 1
Ky 1.0054 1.0054 1.0054
Kp, 1 1 1
Kpg 1.1 1.1 1.1
0y (MPa) 450 450 450
Y, 1 1 1
Yy 1.13 1.13 1.13
Sp 0.775 0.775 0.775
Y, 1 1 1
Yp. 1.12 1.12 1.12
Yy 1 1 1
Table 2 Calculated bending stress (MPa)
Stress |Sun gear Planetary Ring gear
gear
op 312 350 218
Opp 735 735 735
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Z; ¢+ &8A 4 (lubrication factor)

Zy + $EA%(speed factor)

Zgp A&7 A4 (roughness factor)
Zy + =¥ AT (hardness ratio factor)
Zy  A71A 5 (size factor)
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Table 3 Input parameters for IACS surface stress

analysis

Gear Factor | Sun gear Plagr‘laztfry Ring géar

0o (MPa) 1210 1210 1034
Ky 1 1 1
K7 1 1 1
Ky 1.0054 1.0054 1.0054
Ky, 1 1 1
Kyg 1.1 1.1 1.1

O g (MPa) 1560 1560 1560
Zn 1.344 1.344 1.344
Sy 1.103 1.103 1.103
Z; 1.1025 1.1025 1.1025
Zy 0.9953 0.9953 0.9919
Zn 0.98 0.98 0.98
Zw 1 1 1
Zy 1 1 1

Table 4 Calculated surface stress (MPa)
Stress | Sun gear Pla;ztrary Ring gear
O 1273 1273 1088
Orp 2356 2356 2356
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Table 5 Design parameters of transmission

Transmission specifications
power speed of speed ratio
engine
2313 kw 2300 rpm 1.18~3.15
Gear specifications
gear module |pressure| face number
element | (mm) |angle(®)| width | of teeth
Sun gear 6 20 93 34
planetary| ¢ 20 93 18
gear
ring gear 6 20 93 71

Fig. 1 3D modeling of a planetary gear system

Fig. 2 3D modeling of a transmission for high-speed
ship
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Fig. 3 Involute gear tooth model of non-uniform

cantilever beam
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Fig. 4 Meshing stiffness of sun gear and planetary
gear
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Fig. 5 Meshing stiffness of ring gear and planetary
gear
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Fig. 6 A schematic of a planetary gear train
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Fig. 7 A schematic of a mathematical model on a
pair of spur gear
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Table 6 Forcing frequency of running speed

Self Exciting Source Equation
Mass Unbalance Wy 1X
Mass Unbalance /18
34 /18 X
2™ Ns/Np
Mass Unbalance 54 /7
1X
w3 = N,/ Np
Gear Profile Error
34X
(GPE) &
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Fig. 9 Campbell diagram of gear-rotor system
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Fig. 10 Campbell diagram of transmission
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