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ABSTRACT

The finite element analysis for rotor bearing systems has been an essential tool for design, identifica-
tion, and diagnosis of rotating machinery. Among others, the unbalance response analysis is fundamen-
tal in the vibration analysis of rotor bearing systems because rotating unbalance is recognized as a
common source of vibration in rotating machinery. However there still remains a problem in the aspect
of computational efficiency for unbalance response analysis of large rotor bearing systems. Gyroscopic
terms and local bearing parameters in rotor bearing systems often make matters worse in unbalance
response computation due to the complicated dynamic properties such as rotational speed dependency
and/or anisotropy. The present paper proposes an efficient method for unbalance responses of
multi-span rotor bearing systems. An improved substructure synthesis scheme is introduced which
makes it possible to compute unbalance responses of the system by coupling unbalance responses of
substructures that are of self adjoint problem with small order matrices. The present paper also
suggests a scheme to easily deal with gyroscopic tems and local, coupling or bearing parameters. The
proposed method causes no errors even though the computational effort is reduced drastically. The
present method is demonstrated through three test examples.
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Table 1 Specifications of numerical model 11

Length 1.20m
Diameter 8.0cm

Shaft Young’s modulus 2.0x10"N/m?
Density 8000kg/m?
# of finite element 12 (equal length)
Mass 20kg

Disk Polar moment of inertia 0.163 kg—m?
Diametral moment of inertia 0.085 kg —m?*

(3 identical)

Location (from left)

Node #5(0.4m),
Node #13(1.2 m)

Node #6(0.5 m)

Location (from left) Node #1(0m)

Load 29.42 kgt
Bearing #1

L/D, C/R 0.5, 2/1000

Viscosity 9.37 mPa.s

Bearings

Location (from left) Node #10(0.9m)

Load 78.84 kgf
Bearing #2

L/D, C/R 0.5, 2/1000

Viscosity 9.37 mPa.s
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Table 2 Specification of fluid film bearings used in
numerical model 11

Bearing type Characteristics

2 axial goove Oil groove angle=10°

4 tilting pad Tilting pad angle=80°
Preload factor=0

LBP type

5 tilting pad Tilting pad angle=60°
Preload factor=0

LBP type
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