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Lateral Vibration Characteristics of a Rotor System Supported by
Hydrodynamic Journal Bearings Considering the Effect of a Bearing Width
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Abstract

This paper presents the characteristics of lateral vibrations of rotor system supported by
hydrodynamic journal bearings. Finite element model is developed for the dynamic analysis of
rotor system. Hydrodynamic bearings are modeled with the distributed springs and dampers in
shape of the 2nd order polynomials in the direction of bearing width. Experiments are conducted
to measure the natural frequency, and experimental results are compared with the theoretical
results that are calculated using the point model and distributed model. Theoretical results using
the distributed model agrees better with the measured results as bearing width increases. Also,
this method is applied to actual three-stage turbo blower model. Then, critical speed and forced
vibration analysis are performed.
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Fig. 3 Distribution shape of springs and dampers of a hydrodynamic bearing
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Table 2 Test and calculation results

Natural frequency [rpm]
B/D
At 2400 [rpm] At 3600 [rpm]

Test 45900 45900

0.50 Point model 47698 47726
Distributed model 47673 47701

Test 45900 B 46200

0.75 Point model 47872 47860
Distributed model 47810 47806

Test 45900 45300

1.00 Point model 47846 47847

—

L Distributed model 45061 45063

* Resolution of the test results 150 rpm



‘o

o] £o] of3hg v § H4

PR e g g Aok L F M B el
s A Abel zhH S 9ste] FF o] Ful= kb
e Asaigieh, ol el vhaslA F4 Adg
s o, o Bal sptrzash A3
Yol 5 AelE Fahele,

el Ay U Aol Ha F S4e chea)

Alg s fale 4 wule Fig 83 ztown, 1]
Aol &84, & Ao AAdza, FoH9 slold
A2 FAEe, w3, dj4wale] e 127

33 48 Y sME
AAzke] w2 oo Wake gls] FFT Point

= 102402 kgl A13EE 417k 0.001%(1 kHz)
AlFol wFs} No|lAi=
Low-pass Filteri Ap&3fed 7
shalct, AdAle zZb Fubg o) mol= Huwe
; dBvrojc}, mgl zpxle] o<l #Eak
—20dBvrE &A= o7 oo
o 48] xo]= wlgo| 10%o]stzA AL 2E

$e 4 ok, A"l ol
Fod, o
3 = o e,

LI EEERC

A] ‘5’—]

oo

K
ki
tL
ot

RPN P KX
)
i

Aat wole Fatss Fe Yoz

Table 20 ol gleh, ol
AR AL A4 s
2 Aow debsbrh ol
el A2 AT FAADE BAAY

o]

A7 R e 23

5 Al dades

A5

Qe

5P "1’-?}4” seloll cjgk Ak Az o %

@ 4 ool %o %7}6;}0*1 etal A4 L)
wx magke] A nRAETe Aol Fobe
ek, war Ay Asz vﬂOM"l %o 73
FE I e A E Wl A0 o 4
$38 oF + aiet
4. cieh HHES20{0] tHEt a4
A melo] g A &% wol7] S8 Fig.9

oF wlojeol Ax\% 54 % A 2ol

2111

i
o

T ep—

W FIXED SIDE

FREE SDE
S —I——
i
i
|
‘
1 |
|
Fig. 9 Three stage turbo-blower
41000 T 71—/&’7' R T
| —— e — !
] | r— “point model ,’
| [ distributed model /
— 3000 | - Sy R A
E ‘ 7
S 1 /
8, | s
o 2000 | /
@ 7 |
oQ
w
= i P
2 1000 | S e
r e
S | i |
0 I —_ . . | S _ R — i
100 10° 10 10°

Stiffness of support [N/m]
Fig. 10 Critical speed map for turbo-blower

off Folxl 3%k Hi %O% ralg 9 i—isﬂ“
R =
o}, ool wigl {4 VJ"° 597H°l 294, Lﬂ
M) Aaitaza, el Helglog o] folx gl
oy, =2 F FAl} F AHolw bk 2739 kge}
2384.2 mmo| o}, w3}, vl o 8] o] F kA )= 1840 mm
o]},
718 AAAe] FR ARREE vzt o
o wldt flslGx G Falolch wlojElt
W gl 7lr], Axlsk 3 (forward whirl)
[t 3 2’4# Fig. 1001 Fro{%]
Aot A o 4lst 4= gl ulel 7o)

2ol2] 7t t]Azef .01 mme|
=l ] o3} %3} = JEH ;T
g Azbz) Fig 116l Folxl ok o] madb Mz

T =
24%E Fol LR Aol



2112 e . Ay -

e e L
Jmipa S L R g

3 R e gy
jorea gt R

(a) Point support model

(b) Distributed model

Fig. 11 Harmonic motion due to unbalance force
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