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A Study on the Non-linear Forced Torsional Vibration for Propulsion
Shaftings with Multi-Degree-of-Freedom System
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Abstract

Nowadays, the viscous damper using high viscosity oil was much to be used for engine shafting
system to reduce the excessive additional stress by torsional vibration. In general, it was assumed
that the viscous damper could be modelled having only damping coefficient, that is to say, whose
stiffness be ignored. But it is found that there exists a jump phenomenon, as a kind of non-linear
vibration, in the actual engine shafting system with a damper of high viscosity. Therefore the
damper ring and the casing are modelled as two mass elastic system with a complex viscosity.
Also, to analyze a non-linear phenomenon, it is assumed that the viscous damper has a linear
stiffness coefficient in proportion to the angular amplitude and a non-linear stiffness coefficient in
proportion to cube of the angular amplitude.

For the analysis, Quasi-Newton method with BFGS(Broyden-Fletcher-Goldfarb- Shanno)
formula is used. Both calculated and measured values are provided in this paper which confirm
the possibility of applying non-linear theory to engine shafting system with viscous damper.
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Fig. 1 Cross section of viscous damper
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Fig. 3 Correction factor for excitation frequency
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Table 1. Specifications of engine and viscous

damper
Engine type Cat3408 DITA
Bore x Stroke(mm) 137x 152
Con rod. ratio 0.3
Output (BHP X rpm) 357 x 1200
Reciprocatingmass/cyl 5.376kg/cyl.
No. of cylinder 8ea
P.M.I at MCR 13bar
Damper type Viscous 2p—3787
Lumped mass 0.60 Nms*
Moment | Ring 0.64 Nms*
ofinertia | Casing 0.28 Nms*
Silicon oil | Dynamic viscosity | 3.2 x10%St
property | Bensity 993 kg/m®
Damper’ s constant 23.19m*
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Fig. 7 The measured angular amplitude on the
damper casing(8th order)
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