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ABSTRACT

This paper presents a sorting method of mode vectors and natural frequencies about a rotor-journal
bearing system. The rotor is solved by the finite element method, the bearing stiffness and damping
coefficient are solved by the finite difference method. At any rotation speed section through the ei-
genvalue analysis of the system, mode vectors and natural frequencies not sorted are confirmed via
the Campbell diagram and the MAC(modal assurance criterion). To sort mode vectors and natural
frequencies of the section, a mode sorting method is presented through a method of rearranging the
MAC of the mode vectors. Finally, the mode vectors and the natural frequencies are sorted by using
the presented method, these are verified through the MAC.

M : A=Y
7154 49Y G : AolE~zd Y

K : 2494
B : oy 74
c : H® = 1.4 B
D : oy #7
hoo: WolE A ol 7]so] LT wel AdA A A=
K owoE A o] iy AV AL 1 Ao wE 1E
p e 2, Aest aea AAA Aol dAmE A
R : o= uhy e ExE sfa ek olYe olf 2 i&EHel
W Ee%E uE aEH 3 dRste) Sxdds fel AAEA
A ARREF oM 9] s|HEA Al=Hle] Aet F5A o] &
pooc A TE AL S
Q : IAEE HE SAFHA A= JfdE dAE S8 3
vy . R=dE A5 (rotor) ¥ 1AE AA et Adulojge] digh

sesk

Corresponding Author ; Member, Hanyang University
E-mail : jchung@hanyang.ac.kr

Tel :+82-31-400-5287, Fax :+82-31-406-6964

Hanyang University

Hyosung Corporation (©) The Korean Society for Noise and Vibration Engineering

% Recommended by Editor Heung Soo Kim

Trans. Korean Soc. Noise Vib. Eng., 25(5) : 329~336, 2015 | 329



Jonghyuk Lim et al.; A Mode Sorting Method Using the MAC of a Rotor-bearing System

I
i

Y
o2
&
°
o
_?_15
Ry
Y

IB o
H

R O
o,
Jo fo
L
i
tilo
N
N
_o|L
rir
>
e,
=
B2 dm

o O
o
r =
= X
oft
ol X
N 10
ol Hi
oX,

o -
o,

o M doh N

2 Oh o o
fe 2 Ko o K orfo

== AT
oo &
oy i rlo o

o,
o
o
=
o

b

i
2
ol
i
o
tlo
P
f
%0
i)
[
it
=)

lo 2 |o
30
e -
e foo e
=
S
o
S
[
i)
o
k
o
o
offl
-y

Jm
o,
)
oft 1

ot T 9 b 30 o o

o oofh @ ofl

Y N opol ¥ ot X

o,
s ]

o
3

f
o
S
N
>,
[
)
Lo

_O|£

J

br

1% o i E o

o &
RupyYeS

offt
Sorm o
u‘% [ﬁ{ﬁ
oo
1
!
4
offt 1
JH
jg
3%

I
(O
ey

K

o ¢

™,

offl

—r

1o

to

o,

e
M= M

=N o2 oo do &

o Kl ot 2 Kt o o
iy o
A,
=)

N
=
o
R
offl
A
o
o,
ot
_O‘L

Ir

T AfEES Aol
= W<l MAC(modal assurance
criterion)S AMESIGTE MACS Adoz dojxl 1
FRE fAMIE Q} Qlsh7] 98] AREH 7% s,
Agor 3 IFRES} o]Bo R L3 I FRE9]

e A%

AAE S 19 ABHIE T MACE
0 AgRep) toksled Be i AgHn glo
H% MAC‘L]' ‘l‘l‘*]’ﬁ tg' %ol 03:[15]—7— M]jr. MAC<

1970 ol Ao 2 ARME ATt 19801 Zoll= Al
HHlo]d Ade} o] 421 H] L ak=s] A
LA, MACe] thE e RS S af
Ble] g8 Fsto] IMAC(inverse MAC)S A|ta}
AT, AR I YA B mass-spring
gl ALl WellA o] MACS 8l aLfi=e] ¥
3l5 APelda’, #do] g i By px2E
o] R= Hlo{®(mode veering)?t HE= i XHmode
crossing) &A’gel thalA MACE ©]-83sle] A o]

o7 doju Rugas uESIu®Y, wek vy
Ae] 7] Tl R FFlA ] Rugad

Al 2~

330 | Trans. Korean Soc. Noise Vib. Eng., 25(5) : 329~336, 2015

o] U] Fl A ES] RS
A e 5
ZEAHo| 3k OE?E—E NC20
(normalized cross complex orthogonality)S ©]-83}
of we Holgs v WA Aol T2l A
mEe] §AE WA, RE WAk gkl
B odgdn weg 49 Ao b7 A
v o] QoA ALEE MACT Waale] wEe]
AS Hrlehs whao] Bt Exo] 9tk

o] AFolA= A %Ei 22w o] A=
AAE tdom olER

Ae gl 41

Re

>
>
M ko2 O By o

ey FlF
>

ok

32 m
T

o,

o

Me ol = jo }—4
=)
to rlu
¥
offt
g >y
SE,
K
= :10
1E,
n)
il
X
2
_(:»‘L
KM
f ot o Iy Az

1%
QL
¥
o
td
Iy

0
o}

=
>
@]
o
ok
i)
tlo
e
>,
ol
¥
=

% olgele] 1 ANE BAST.

Z
>
o
ul

21=m°| Seas M 2y

HA QB AgHE SAEE Falel Dol
wj ol TN} T S oz A
e yes _/,: 9= E]EH]:TL 1)(Timoshenko
3t Fig 12 ] A
92 3 2dS el
3, Y23 24 112
H«l ﬂ”ﬂﬂoiao

fotan wdl

rE ot

o 1o Hj
B P & FU-“
N r_?L'

o
=O{:l
1%
td
i)
rlo

2 o\

Ho

)

O

= mlo
)
X
ol
r1r

p 4“

rﬂ

1o
Mo
offt
o
ol
1>
o o
1>
=
=
e
i)

MG+G(Q)q+Kq=0 (1)

SEREDEEEE %o 37

PP} dPES

i

Bearing #1
13 node

TIm

Bearing #2
61 node

Fig. 1 Analytical model for the electric motor



Jonghyuk Lim et al.; A Mode Sorting Method Using the MAC of a Rotor-bearing System

Sieo ukel AguolY el FA B Al gko] At
o] 4gHh

2.2 MEHojdel 39 A A AL
Ae71E AAStL gl Addeldol o
A wHe TE HoR e A AAE Avtet
o AdHlolgS agE oy wigdt 33A
Abole] A7) matel] o &4t =

sto] sto] wASAl Hoh olHd ¢

of

ol
9
inss
o rlo g o
X
fu
Q ot O ke ¥

2 (o
4
BN
r
&3
aQ
\]
9, -
T
k)
=
%@,
T
DY

-
=)
oxl

N 2
o,
1o

£ > do 9

32 o 12 of

T

ol

o L
)
1>
B
=,

M e

o

T

X, >,
o
oY it

W yo, > O
G
o 1l
fg i
o =2
W~
o 2
ol o
o=
=
2
o
N
e N e B Ll

A,
i

ol
o,
~N
o
QL
J4o &
X
offl
int)
o
ot oo
ol
o,
2 ol
rx
oft

o
)
)
i
=
o

oZ
oxl
1>
o
H
ol
ol

1>l
o, [N
P
o
=
1A
I
1o
-y 32
ﬁ',
)
)
r)t
o
o
ol
Jo

Fig. 2 Geometry of the plain journal bearing

Table 1 Journal bearing parameter
Unit Value

Ttem

Journal radius mm 40

Bearing radius 39.9

Axial length mm 42

Clearance 0.142

Oil viscosity 0.03635

Right bearing load N 1816.9

Left bearing load N 1981
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