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Finite Element Analysis of Rotating Shaft
System Supported by Journal Bearing

Ae-Hee Song

Department of Mechanical Engineering,

The Graduate School, Pukyong National University

ABSTRACT

In the design of modern rotating machinery, it is often necessary
to improve the performance of rotor—bearing system. This generally
suggests high shaft speeds, multiple stages, highly loaded rotating
components, large spacing between stages, etc. The trend towards
greater flexibility results in critical speeds in or near the operating
speed, which may cause severe vibration problems. Also, journal
bearing have important role to support the rotor system.

Therefore, in this paper the static and dynamic characteristics of
journal bearing using finite element method have studied with
comparing the change of temperature and clearance. The vibration
analysis of rotor-bearing system for induction motor was performed
using the journal bearing data. The dynamic characteristics of rotor
system are analyzed by the finite element method based on
Timoshenko beam theory. The natural frequency, mode shape,
critical speed map, stationary unbalance response and stability were
performed for improving the dynamic performance of rotor-bearing

system.
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ldentify the System(Governing) Equation
!

FEM Formulation
Introduce an integral form equation.
v
Element Types
Discretize the domain of interest into elements
v
Local Matrix Equation
Evaluate the integral form over each element
!

Assembly Procedure
Assemble the global matrix equation
!

Get Pressure Distribution
Solve the matrix equation to get the unknowns

End

Fig. 2.5 Flowchart of FEM

‘ﬂxi Xﬂ%j Hﬂoi‘%“)ﬂ w3 HEES st \AAF AAZ
84 dEdS FAskaL o]

= q PHS 7% o] PHES
o] g3to] qH WS Fol HAH HF Fel(static equ111br1um
state)ol] A ©] ¢+ £

. ﬁ]*h T
]

B %j_(local matrix) & <

na
Hm
H

=
shwl, 45 WY geelAel 48 wxs 44 BF AXAA,



‘ Input the bearing data ‘
v

‘ Assumption eccentricity ratio( e, ¢ ) ‘47

‘ Calculate pressure( £) at static equilibrium position ‘

‘ Calculate load capacity( ) |

e=e+Ae

p=9+09

Determinant of static equilibrium position( e, ¢)
v

Calculate dynamic pressure (B, A, P, P)
v

Calculate stiffness and damping coefficient

End

Fig. 2.6 Flowchart of analysis of journal bearing
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Table 2.1 Quality grades of rotating rigid bodies (ISO 1940)

Grade Application

G 16 | Drive shafts (propeller shafts) with special requirements.

Parts of crushing machinery. Parts of agricultural machinery.
Slurry or dredge pump impeller.

Individual components of engines (gas or diesel) for cars, trucks
and locomotives.

Crankshaft drives of engines with six or more cylinders under
specialrequirements.

G 6.3 | parts or process plant machines.

Fans. Fly wheels. Pump impellers.

Machine tool and general machinery parts.

Normal electrical armatures.

Individual components of engines under special requirements
Marine main turbine gears (merchant service).

G 2.5 | Gas & steam turbines, including marine main turbines.

Rigid turbo-generator rotors. Turbo-compressors.

Machine tool drives.

Medium and large electrical armatures with special requirements.
Small electrical armatures. Turbine driven pumps.

G 1 | Grinding machine drives.
Small electrical armatures with special requirements.

G 0.4 | Spindles, disks and armatures of precision grinders.
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Fig. 2.10 Unbalance tolerance guide for rigid rotors (ISO 1940)

ISO 19730014 = ik A48 7)Ao ek =2 ¥9 =9
H 3 & ES FAstL A=FEl, o= Table 2.20] e
A71M B9 Ax M=z EHE 7A€ A &Ea 99 B AT
+A5& "l AEHH FG Ct At A +d 8 H
Aol A& ol = AF WHele F AuWFd SAHE &

%(peak—peak) = O & %9 s HIF 7Tl o]&dH n2

Table 2.2 ISO 1973-3

HAAN | MBS S (um, peak — peak)
A/B 4800//n
B/C 9000//n
C/D 13200//n
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(a) Static characteristics
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(b) Non-dimensional stiffness coefficients
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Dimensionless Damping Coefficient

10" 10
Sommerfeld number

(c) Non-dimensional damping coefficients

Fig. 3.2 Static characteristiecs and dynamic coefficients
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3} 2,

Table 3.1 Geometric dimensions of bearing

Item Symbol | Unit | Value
Axial length L mm | 125
Journal radius R, mm | 62.5
Bearing radius R, mm | 624
Clearance C pum 162

Oil Viscosity H mm | 0.017
Weights(Right Bearing) w, mm [ 591
Weights(Left Bearing) w, mm | 6.32

Fig. 3.3& wWlol&H o] HEAS Fig 3.4 Fig 3.5 72t ¥4

Y 9 fAY FEAS UedY A4 HIHS S SUHE
T5 Wy FAHew ey, 4 5SS YERE Sommerfeld
S

et A Aget 74 A= D7 191 HlelBg e A A
A

33



Eccentricity Ratio

<)
=
2]
/
/

(a) Center of journal at static state

1 —_———— — 100
0.0l £ 548 490
0.8} | J80
0.7 170

z

06 {e0 &
g

a

0.5 {5 @
N z

0.4 =3 ’ J 4009
- o

I
)
T
1
N
S

o
o
T
i
N
=)

0 I I I I I |
10° 10"
Sommerfeld Number

= F
o
co

(b) Eccentricity and attitude angle
Fig. 3.3 Static characteristics of right bearing
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Dimentionless Stiffness Coefficient

Dimensionless Damping Coefficient
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(b) Dimensionless damping coefficient

3.4 Non-dimensional dynamic coefficients of right bearing
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Damping Coefficient (N/m)
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Fig. 3.5 Dimensional dynamic coefficients of right bearing
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Fig. 3.6 Static characteristics of left bearing
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3.7 Non-dimensional dynamic coefficients of left bearing
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Fig. 3.8 Dimensional dynamic coefficients of left bearing
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(b) Finite element model of rotor-shaft system

Fig. 3.9 Analytical model for electric motor shaft system
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Table 3.2 Specification of electric motor

RATEDOUTPUT | POLE FREQ. VOLTAGE REVOLUTION
1600KW 2P 60 Hz 6600V 3600 rom

AE57t FHete e & 7 Uth 3% RE= A =
=91 22} Y3 E.=(conical mode)E (Fig. 3.11(c)), 43} 2=+ &HA
12} 2=2 WQIt(Fig 3.11(c)): E 33 /A FTFE A £
FFNA 12 AP A3 A S7Fsket 3,800 rpmell A 12} AL

]
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natural frequency [cpm]
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Fig. 3.10 Campbell diagram

Table 3.3 Natural frequency

L NRis=s = | )
Ist 1952¢cpm 3B
2nd 2069cpm 3F
3rd 3670cpm 1F
4th 4168cpm 2F
5th 5200cpm 4B
6th 9085cpm 4F
7th 9289cpm 5B
8th 11371cpm 6B
9th 13763cpm SF
10th 16536¢cpm 6F
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Table 3.4 Damping ratio at operating speed

L 7L % =gl =] ]
i 0.0034 38
2N -0.0164 3F
& —0.0005 1
4t 0.0180 i
% 0.0049 48
6th 0.0018 4F
Wi 0.0016 58
& 0.0044 68
gih 0.0021 5F
10th 0.0082 6F
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Fig. 3.16 Unbalance response of one unbalance input
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Fig. 4.5 Static characteristics of right bearing
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Fig. 4.6 Dimensional dynamic coefficients of right bearing
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