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A Study on the Forced Torsional Vibration of Engine Shafting Systems

with Non-linear Elastic Couplings

H. J. Park, Y. N. Park, D. C. Lee, U. K. Kim

Key words : Non-linear Torsional Vibration(¥]43 H]| &3 2! %), Elastic Coupling(&t3# =
%), Transfer Torque(d @ E =), Chattering Phenomena(:} €13 &4}), Transfer
Matrix Method( @vl E8 A1), Shafting System(&#}), Torsional Stiffness(®)
£ 7244 4), Exciting Force(7} 118 ), Damping Force(7+4] 2)

Abstract

Marine reduction gears are usually used to increase the propulsion efficiency of propellers for
ships powered by medium and small sized high speed diesel engines. Most of shaft systems
adopt flexible couplings to absorb the transmitted vibratory torque from the engines to the
reduction gears, and to prevent the chattering phenomenon of reduction gears. However, some
elastic couplings show non-linear characteristics due to the variable torque transmitted from the
main engines and the change of ambient temperature.

In this study, dynamic characteristics of flexible couplings are investigated, and their effects
upon various vibratory conditions of propulsion systems are clarified. A calculation program of
torsional vibration for the propulsion systems with highly elastic couplings has been developed.
Results of the program developed are compared with ones of the existing linear method, and
reliability of the program is confirmed. For analysis of forced torsional vibration of the
propulsion systems with the elastic couplings, the transfer matrix method is adopted, which is
found to give satisfied results.
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Fig.1 Schematic diagram of the DCB coupling.
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engine.

Table 1. Specification of the CAT3606 propulsion
4 - stroke diesel engine

1,854 KW x 1,000 rpm
280 mm
300 mm
6 EA
0.2333
68.36 kg

Engine type

23.6 bar

Output at M.C.R

Cylinder bore

ight

Stroke
No. of cylinder

Conn. rod ratio(r/l)

type(R)
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Table 2. Dynamic characteristics of the DCB coupling(F)
Nominal Max. ‘ Vibratory Perm. ‘ Dynamic torsional stiffness
Type torque torque torque power loss (MNm/rad)
(KNm) (KNm) (KNm) (KW) 0.25T kN 0.5T 0.75Txn | 1.0Tgy
DCB(F) 14.67 44.01 5.50 0.400 0.158 0.241 0.353 J 0.469
DCB(R) g 17.96 53.89 6.74 0.532 ‘ 0.338 0.389 0.518 l 0.681 J
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Table 3. Natural frequencies for the CAT3606
propulsion system according to the
transfer torque.

No. of Calculated frequency (cpm)
node | 0.25Tpy | 0.50Tgy | 0.75Tyy | 1.00Txy
1 495.46 501.60 510.92 517.13
2 601.34 613.49 639.45 662.50
3 1831.70 1894.55 | 204544 | 2211.28
4 4679.61 4680.24 4681.86 4683.90
5 6929.98 1‘ 6920.98 | 6929.98 | 6929.98
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Fig. 5 Comparison between measured amplitudes
and calculated ones by linear method.
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Table 4. Dynamic characteristics of the RATO coupling.

Norminal Max. Vibratory Perm. Dynamic torsional
Type torque torque torque power — loss stiffness
(KNm) (KNm) (KNm) (KW) (MNm/rad)
RATO(F) 12.50 37.50 3.13 0.360 0.375
RATO(R) 20.00 60.00 5.00 0.580 0.600
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