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Abstract

Bearing characteristics play a nmjor role for dyn.amical anaLysis of rotor-disk system. The

d),namic characteristics include such as, critical speed, dl,namic response, pefect balancing,
threshold speed of instability 6n4 selection of optinunt as well as stable bearings for rotor
dynamics. This vvork highlights the contparison of stability characteristics of an1, rotor-disk
moclel mounted on various kinds of hydrodyn;lntlr rournal bearings with dffirent lengtMdi-
anrcter ratios. The bearings which are considered in this vvork are; the two-axial groove
bearin.g, the four-axial groove bearing, tlte elLiptical bearing, the tvvo lobe bearing, the

three-Lobe bearing and the off-set cylindrical journal bearing with 0.5 ancl 1.0 as its Length to
cLianteter ratio. From the anab,sis is observed thot the off-set cylindrical journal bectring is

ntore stabLe thttn other bearings for ary rotor ntodel vvithin the operating speecl range. A three
disks-rotor-bearing ntodel nrountedon different h),drodynamicjournal bearings has been used

for its dynantical unab,sis b), using transfer matrix metlrcd based on continuous s),sten'L ntoclel.

Nomenclature

[B] = bealing matlix
C = radial clearance

C r.r., Cr, = direct damping coefficient of bearing

C,r,, Cr,, = cross-coupled damping coefficient

of the bearing
D = diameter of the journal

Db = bealing diameter

[D] = disk matrix
e = eccentricity of the bearing

IFJ = ovelall field matrix
K = non-dimensional parameter of the bearing

K--, = diect stiffhess coefficients of the bearings

K,,
K,,,. = cross-coupled stiffhess coefficient

of the bearings

= length of the rotor

= length of the bearing

= mass of the rotol at the bearing station

= effective mass of the rotor at the bearing

= revolution per minute

= radius of thejoulnal

= Sommerfield number

= modified state vectors

= tlme

= r-adial load at bearing rotahon

= overall transfer maf ix
= displacements ofjoulnal center in y and

z directi ons, respectively

= rotational speed, r'ad/s

= critical speed o1'rigid rotor

P = whirl frequency

p = viscosity of the lubricant
)" = a number

Subscripts

O,n = stage numbers

Superscripts

- = refers to non-dimensional values

Introduction

Dynamic behavioul of rotor is commonly influenced
by the bearing coefficients such as stifTness and damping.
So the plain bearings are superior to rolling element bear-
ings in high-speed operation. They have high damping
ability, high load-carrying capacity and low friction. In
addition, silent opetation and long life can be attained.
Therefore, plain bearings ofvarious types are widely used
in high-speed rotating machinery. The advantages are
attlibuted to the mechanical char-acteristics of the rhin
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oil-film formed in the small clearance between journal and

bearing surface. In many cases, the springs and damping
chalacteristics of the lubricating oil-film have a most
significant effect on the viblation of a shaft rotating in a
journal bearing. Lund has made significant advancement
in the field of rotor dynamics considering different aspects

of fluid-film bearing characteristics [1-6]. Someya has

given detail procedure fbr the evaluation of dynamic co-
elficients of hydrodynamic joumal bealings [7]. Ma-
harathi and Behera t8- l 6l have made significant
advancement on dynamic analysis of rotor-bearing sys-

tenis considering different clitical parameter related rotor,
disk and bearing.

In this work, an attempt has been made to detelmine

fbr' fi'equency latio (v,/rrl) of a rotor system mounted on

difl'erent hydlodynamic journal bealings with difTerent
(UD) ratio shown in Fig.I and they ale as lbllows:

I . Two-axial groove bearing (UD = 0.5 and 1.0)

2. Four-axial groove bear:ing (UD = 0.5 and 1.0)

3. Ellipticalbearing (UD= 0.5 and 1.0)

4. Two-lobe bearing (UD = 0.5 and 1.0)

5. Thlee-lobe bearing (UD = and L0)
6. Offset cylindr-ical bearing (UD = 0.5 and 1.0)

z

ELLIPTICAL
Fig, I a Dffirent joLtrnal bearings
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Foun-Axtal Gnoove

z
TWO- LOBE

Fig. 1b Dffirent jounnl bearings

7,
OFF-SET CYLINDRICAL

Fig. lc Dffirent journal bearings

THREE- LOBE

L

TWO AXrAL GROoVE
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Theoretical Analysis

For a rigid rotor of mass 2M, running in fluid-film
bearings, the equations of motion are,

M':+K :+K-. y+C,2+C-..1,=g (la):.? z.! - z.z. z)' '

M.l"+ Krr, r,+Kyr r*Cr_),j,+Cr. i= 0 (1b)

wiere 'M' is the mass per beating. For a small disturbance
from the equilibrium position ofthejournal, the vibr:ations
of the journal is likely to occul' in vertical and horizontal
directions and their-amplitudes of vibration are exptessed

 S

At At

:=Ze'-.)=Ye. (2)

whele l" = cr * i v is expressed in complex form. The real
part posses the stability of tlre system and the complex part
only is used for the solution of the threshold speed of
instabiliry 'v ' is the whirl frequency of the rotor. Substi-
tuting Eq. (2) in (1), yields the following equation.

-0 (3)

For non-trivial values of Z and Y,

)))(K -Mv"t(K -Mv'\-v-C C -K K' ;: ' ' ll ' z.z. ))' )'z zl

VOL.56, No.3

K, Crr* Crr.Kly- Kr, Cyz- Cr, Kyz
Assuming K - *

Crr+ C1,1,

where K is an effective bearing stiffness and the clitical
mass at the bearins station will be

Hence, the threshold speed of instability is derermined
by that speed at which the actual journal mass at the
bearing station equals the cdtical mass. Therefore, the

threshold speed of instability can be found out fi'om the
following equation:

(K -n(K -K1-z.z vl,
KK

?

rrlc crlC -aC aCzz ,y), z}t yz.

The linearised stiffness and damping coefficients of
hydrodynamics journal bearings are shown in Fig.2 and
are expressed in polynomial form in telms of the Sommer-
feld number [17-19].

For Two-axial Groove Bearing
(LolDu = 0.5; Fig.3 and 4)

k--=9.520166 - 25.23175 +21.00452 - t2.230653

+ 2.3859Sa - 0.1628Ss,

Fig. 2 Stffircss and damping characteristics of a
jounnl bearing
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(1)
(

M =Lcrlt 2
v

(8)

l,x -M r.\+ivc )'l (K +rvc ) 21

L' .. ,r') o zy 
I

r,-ll
(K._r + iv c_),) 

| 
(Kr, - M v-) + iv c,.,,) | yl

L '' " J 't

Separating the real and imaginary parts from Eq.(4),

we have

))+v-C C +ivlC (K -Mv-\+C (K
2.1' )'2. ?z .ll' )'y ' z.z

-iv(C K +K C)=0
)i: z)' \,2 z)'

(K -Mr2\ tK -Mr2l-K K' ..2 l) z.f z)' _ ,,2

C C -C C -,
7.2. _\)' ?)', .\'7.

and

CK+CK_CK
7.2. ))' ))' zz )'z z)'

- ur')l

(4)

(s)

_C Kz) yz

C +Czz _y),

= Mr2 (6)
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= 4.8226 - 5.40345 + 7.04152 - 3.0818653

+ 0.5946s4 - o.l28Ss;

= 0.801 - 4.16435 + 2]165 - l.094Sj

+ o.l956Sa - o.128Ss;

= 1.5672+ 0.2835 + 0.1253S2 - 0.1523753

+ 0.0392454 - 0.003Ss;

=8.1141- 9.30465 + 12j93O52

+ l.o868Sa - oo739S-5;

- 5.623153

voao 5
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K,,

ky

R,,

K,,

R
,)/)

e,,

Rvv

e,,

e".
(9) _u

C,,

Cr,= Crr= r.l.64l + 0.19395 + 0'339452 - 0.3027s3

+ 0.07554 - 0.0055);

C rr,= 0.17 56+ 3.1 l glS - 0.3872s2 - 0.10085s3

+ o.o498Sa - o.oo+sss

w

o.ol o.l l.o lo.o

Sommarfrld numbor (S !

Fig. 3 Direct stffitess and damping coefficients of two-atcial
groove bearing (L6/D6=Q.J )

o.or o.l t.o ro.o
So|m.rtald nurnb.r (S)

Cross stffitess attd danrpittg cofficients of two-axial
g roove bearing ( LlD r0. 5 )

For L/Dt = 1.0 (Figs.S and 6)

4. = lo.sso8 - 107.1318S + 459.131652 - s+t.ss+ts3
+ 610.378954 - 189.3695Ss:

= 4.818576 - 23.796335 + 115.380552 - z0q.s5s3

+ 160.520354 - 44.9893555;

= 1.0812 - 18.291465 + 67.3299652 - 120.543853

+ 94 .963554 - o. 1 I 35 55;

= 1.4561 + 0.19425 - 0.1 135S2;

= 9.31864 - 39.83385 + 192.401152 - 334.61:.c83

+ 259.9'7 24Sa + 1 2.41811 Ss ;

= Cyr= 1.156928 - 0.15071S;

= 0.55866 + 11.350375 - 31.923652+ 56.082553

- 43.904254 + D.34].Ss c0)

o.q o.l t.o to
Sommarf.ld numbrr (S)

Fig. 5 Direct stffircss antl damping coefficients of two-axicil
groove bearing ( Lt/D o= 1.0)

9omm.rt.ld number(S)

6 Cross stffitess ancl tlantltittg coefficients of two-axiaL
groove bearing ( Lb/D 6= 1.01
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For Four-axial Groove Bearing
(LtlDt = 0.5, Figs .7 and 8)

krr= 15.'1386 - 22.55s+ I 1.9652 - 2.587s3 + 0.232s4

- 0.007S's;

k,,,= 5.815 - 5,6423s + 3.181552 - 0.63853 + 0.54454

- 0.00157S'';

(,.- = 0.860S - 1.3461S + 0.00952;

(,-,, = I .2114 + 0'02258S;

e --= 11.3684 - 12.2865 + 7.083652 - 1.450653
''' * 0. t25854 - 0.0037Ss;

C.l,=1.2534+ 0'0123S

Kr.r= 1.2530 + o'0152635

C'. =0.0975 +2.11715 (ll)

VOL.56, No.3

For LtlDn = 1.0 (Figs.9 and 10)

Rrr= 15.415 - 53.595 + 66.5352 - 32.29553

+ 6. l76Sa - 0.37755;

= 1.087 + 0.0215S

= 5.819 - 14.l2gs + 18.43452 - 8.5653

+ 1.654 - o.o96ss;

= 0.866 - 2.46085 + 0.03552;

= 11.984 -32.3495+42567652 - 11.94453

+ 3.746s4 - 0.2265ss;

Cry=-0'0Zgg+4'1175;

Krr= 7'093 + o'018S;

Crr= 7.093 + 0.0145 (12)

RD
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ool o.o2 0.o5 ().1 o.2 0.5 | 2 I lO 20
Sommrtdd not$.r (31

Fig. 7 Stffircss coefficients of four-axial groove bearing
(Lr/Dr0'5)

Fig. 8 Dantltittg cofficients offour-axial groove beanng
(L/Db=)'5)

ao6 0,o o.o2 0.o5 0.t o.2 0.5 | 2 5
Sommcrf"td numbrr(S)

Fig. 9 Stffitess cofficients of four-axial groove bearittg
(LlD6=1.0)

o,^r rttttl
oooS o'ot o.o2 0.o5 0 | o,2 0 5

Somm(ltld numbcr (S )

Fig. l0 Damping cofficients of four-axiaL groove bearing
(L6/Dn=l 'O)
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SovuenreLo Nuuaen (S)

Fig. l I Stffiess cofficients of two-lobe bearing

SouuEnpa-o Nuugen (S)

Fig, | 2 Dantping cofficients of two-lobe bearing

002 005 0r 02 0.5 |

Souvenpsro Nuueen (S)

Fig. 13 Stffircss coefficients of two-lobe bearhry
(LlDrt.0)

BEARING CHARACTERISTICS OF ROTOR SYSTEM 187

E,

5

2

I

F
z

q

o()
2

o
o

t0

I

o0l

F
z

9

o
C)

z

a

z^^

9
bro
o

(J
5

o

=

o
I

05

Fz
g

o
Q
oz
A
{

U

9

oo

z
g
a
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Fig. I5 Stffitess coefficients of three-lobe bearins
(Lu/Dr0.5)
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Fig. I6 Damping coefficients of three-lobe bearing
(Q1/D6=Q'J)
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Table-l : Stiffness a

S Snring Coefficients Damoins Coefficients

K,, K k,, Kr. C C,, C,, C.

4.19 6 1.5 33.1 -43.3 2.06 r23.0 -.+J. J r',4 < 36.6

3.06 39.4 21.1 -28.0 1.43 800 -21.1 -21.1 23.4

r.93 25.1 13.1 t].7 r.16 50.2 11.9 n.5 15.0

0.993 13.5 1 .50 -9.20 0.897 26.5 -8.41 -8.34 8.20

0.496 7.88 A <') -4.60 0.831 14.5 -).+z 3.36 4.11

0.306 6.06 3.13 -2.82 0.940 10.5 I .13 t.lt 3.45

0.209 5.66 3.60 r.61 r.16 8.74 0.0503 -0.0240 212

0.1 05 6.51 4.19 -0.015 t.51 1.86 1.44 t.4) r .89

0.0507 9.41 s.46 0.945 t.94 9.03 2.29 2.31 r .38

0.0303 | ).L 6.45 t.12 2.r2 10.4 2.58 z.oz Ll6

0.0201 11.2 7.8 1 2.33 a aA I 1.8 2.10 /.t) 1.02

0.0100 29.6 9.68 3.28 2.39 15.3 2.88 2.93 0.875

Table-2 : Stiffne

S

,1 (]0 140.0 114 - 85.9 t 1< 282.0 106.0 r07.0 73.-l

2.93 82.1 45.1 -50.0 t.34 t61.0 -62.6 62.1 43.2

2.08 58.7 ) I.! -35.4 -0.823 I 17.0 -44.4 -44.5 30.7

0.961 Lt.) 15.4 t6.4 -0.101 )).2 -20.0 -20.0 r4.8

0.500 t4.6 7.81 -8.61 0.424 28.O ,9.51 -9.59 8.00

0.305 9.53 5.36 0.798 r 8.1 -5.10 -5.10 5.25

0.201 1 .01
Aa1 -3.59 0.911 1 3.3 -5.51 3.28

0.1 04 ).UJ 3.40 \.43 r.22 8.82 0.0753 0.0761 2.53

0.0496 5.18 3.18 0.0881 |.4r 1.60 1.t2 1.r4 1.42

0.0291 8.r3 4.51 0.115 r.60 8.44 l.84 1.87 Lll

0.0199 1 1.0 J.Z9 t.52 t. /o 9.48 2.20 L. Z.J 0.978

0.00993 r9r 1 A.) 3.20 2.09 11.9 2.63 2.65 0.856

For Efliptical Bearing (Lr/Dn = 0.5)

Rrr=6.2464- 0.314s + 10.24152 - 2.9553 +0'24154;

(, = 1.6035 - 1.3602s + 0.738s2 - 0.163153 +0.012S4;

R,r,=4.0J6- 1.6025 +5.18S2 - 1.42953 +0'1l24Sa;

Rrr= 1.1202 - 11.2425+ 2.-510S2 - 0 7 | 653 + 0 05954;

e,,=5.9153 + l1.49lS - 8.04652 -2.265453 + 0.2S4

-rr, = 0.691 +1.125 - 1.524s2 - 0'4643s3 - 0.039154;

e ,.r,= 2.72- 1l.4525 + I .06452 - 0.20353 + 0.013454

( l3)
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Table-3 : Stiffness and Damping Coefficients for Three-lobe Bearing
(LulDu = 0.5 and Figs. 15 and 16)

S

Spring Coefficients Damping Coefficients

k,, k K,' K", L,, C e,, a,
4.10 24.8 31.6 -J.).+ 22.0 69.8 -0.512 -0.462 b). x
2.33 13 9 158 -11 .5 t0r 36.0 -0.844 r .36 3 r.9
l.ll5 8.44 1.84 -8.12 4.94 19.2 -0.852 -0.8 r 6 t54
0.69s 6.84 5.70 -5.76 2.30 14.3 -0.220 -0.364 9.26
0.415 6.28 4.56 -4.03 2.16 l 1.6 0. r09 0.r25 6.58

0.330 6.28 4.24 -3.r6 2.04 to4 0.608 0.212 4.22

0.233 6.29 3.92 -Z.JL 2.10 9.34 0.128 0.140 4.08
0.159 1.61 3.88 149 r88 8.70 0.954 0.982 2.96

0.100 8.16 4.r8 -0.604 r.66 8.74 1.24 124 r99
0.050 11.92 5.30 0.348 1.60 10.40 1.82 r83 123

0.0261 11.92 6. r0 t20 1.50 11.20 164 1.66 0.690

Table-4 : stiffness and Damping coefficients for Three-lobe Bearing for Bearing
(L/Dr, = 1.0)

S

Spring Coefficients Damping Coefllcients

K,, RU' V C,, Cr. C C,^

3.256 28.31 43.30 -43.46 25.25 94.58 l lt l ll 88.33

| .818 t6.21 24.39 -24.34 13.10 54.59 -0.98 -0.98 48.27

t.243 t2.21 16.93 16.12 9.18 38.15 -0.84 -0.84 )z
0.196 8.82 1r.26 - 10.82 5.80 26.62 -0.61 -0.6 t 20.ts
0.574 1.24 8.55 -7.96 4.24 20.13 -0.31 -v.11 t4.21
0.353 591 6.07 -5.62 289 t5. l5 0.06 0.06 8.70
0.245 5.48 50r -3.60 2.16 t2.59 0.43 0.43 6.r6
0.18t < A1 4.49 -2.74 2.09 tl.20 0.73 0.13 4.13
0.r38 < <,1 4.22 -2.12 r.92 10.39 0.98 0.98 351
0. t08 5.83 4.10 r.65 l8 9.91 I l8 I .18 3. r6
0.085 o.z) 4.08 1.26 l tl 9.64 135 r35 2.67
0.068 6.82 4.t3 -0.92 t62 9.54 r48 t48 2.t9
0.062 1.05 4.t7 -0.19 159 o</ 152 1.52 2.16
0.054 1.56 4.25 -0.57 t54 9.J I 151 t.51 192
0.034 9.10 4.6s 0.1 I t42 10.03 t61 |.61 1Z-)
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Table-S : Stiffness and Damping Coefficients for Off-set Cylindrical Bearing (LnlDn = 0.5)

S Sorins Coefficients Damning Coefficients

K,, k,, Kr. K.," C,, Ct, Ct, C'r

6.519 41.06 82.04 5.48 64.74 97.59 45.00 45.00 59.71

4.240 23.60 4r.06 2.64 3Z.tZ 49.04 22.62 22.62 29.94

2.805 15.81 21.42 1.65 2r.49 32.91 15.22 15.22 20.06

2.08 r r 1.93 20.61 1.t2 16.05 25.01 1r .50 l 1.56 t5.r5

t.339 8.08 t3.19 0.54 r 0.56 11 .15 7.98 1.98 10.25

0.953 6.18 r0.39 0.20 7.18 13.34 6.3 | 6.31 1.83

0.1t] 5.14 8.45 -0.05 6.15 1r.29 5.43 5.43 6 5r

0.555 4.OJ 1.20 -0.09 5.000 10.00 4.16 4.16 5.3 8

0.493 4.56 6.12 0.01 4.53 9.49 4.38 4.38 4.14

0.353 4.63 5.7 8 0.22 3.53 8.51 3.56 J.)O 3.40

0.284 4.85 5.40 0.33 3.08 8. l7 3.1 8 3. l8 2.19

0.228 5018 5. l5 0.42 2.14 1.99 2.88 2.98 1 7.4

0.r82 5.65 501 0.5l 2.48 1.95 2.65 2.65 r98

0.162 5.93 4.91 0.55 L.) I 7.91 2.55 2.55 1.82

0.t43 6.26 4.95 0.60 2.21 8.02 2.46 2.46 r.69

0.126 6.64 4.95 0.65 2.19 8. l0 2.38 2.38 1.56

Table-6 : Stiffness and Damping Coefficients for Off-set Cylindrical Bearing (LrlDn = 1.0)

S Sorins Coefficients Damping Coeftlcients

k,, K?\ Klz K"" C,, C a

3.7 80 52.r2 83.73 8.14 56.69 rr3.96 42.08 42.08 41.t0

1.882 26.t2 41.89 3.99 21.31 67.20 2t.t3 21 l3 23.61

|.241 t].45 21.95 2.51 18.83 38.38 14.19 t4 19 15.81

0.927 13. l3 20.99 183 14.08 29.04 10.16 10.76 r.93

0.s96 8.14 r 3.89 105 9.22 19.61 1 .33 1.33 8.00

0.4 r8 6.44 10. l7 0.62 6.68 t4.73 6.04 6.04 5.96

0.316 5.22 8.13 0.33 5.26 12.t8 4.88 4.88 4.90

o.248 4.49 6.81 0.1 I +.3J 10.71 4.30 4.30 4.28

0.198 4.08 6.02 -0.04 3.10 9.80 3.99 3.99 3.83

0.160 4.00 5.40 001 3.11 9.01 3.51 3.51 i.zz

0.r30 Z+. I J 4.96 0.12 z. to 8.55 3. r5 J.l) 2.65

0.r07 4.37 4.68 0.22 2.46 8,23 2.64 ', AA 2.22

0.087 4.14 4.50 0.31 z.zJ 8.08 2.60 2.60 r89

0.078 4.98 4.45 0.36 2.14 806 2.50 2.50 1.15

0.070 5.25 4.42 0.41 2.00 38.07 2.42 1 A'' r62
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For Lt/Dt - 1.0

Krr= 6.772 - 37.1 l25s - I 10.9952 - 454.15253

+ 313.5j0s4 - I I 0.387Ss;

Krr, =1.557 - 3.12025 + 2.045252 - 0.57953;

Crr,= 4.0577 - 13.1145s +96.256s2 - 155.533S3

+ I l6.4o65sa - 3z.o14s-s;

K,,. = I .3216 -26.93155 + 33.141S2- 41.65553

+ 2o.j22Sa - 3. t 28St;

C--=J.t394- 3.065 +211.5S2 -355.47453 +

28g.41454 - 83.4045'5;

9,. = 0.z6OO + 21.16335 - 35.57 1lS + 51.787S3

- 3l .l 8354 + 6.49055;

Cr,,,=0,2606 +21.16335 -35.5111S + 51.787S3

- 31.18354 + 6.4905'5;

C,r= Crr= 2.6032 - 19.73095 - 26.221552 + 68.166553

- 66.611 6Sa + 2 t .7890Ss ]4)

where

5- Lt DLN x (R/Cf : k60xW z.z

CaC
Crr= 1r3:

aI

CaC
Cyr=- wr

A simple Jeffcot rotor as shown in Fig. l7 is consider.ed

in the present analysis to find out the (v,/ro) r.atio of the

rnodel mounted on differenthydrodynamic journal bear._

lngs.

Total Mass of the model = 453.6 ks
Mass at each bearing srarion (M) = 226.8 k;
Radial clearance (C)

Journal diameter'(D6)
Oil-viscosity (p)

= 0.00508 x l0-2 rn

= 10. 16x l0-2 m

= 5.68 x 10-3 N-s/m2

CK CK=-trt rcr=-f t

2nNt = ob- rad/ sec, Lb/ D b = 0.5 and I .0

The Sornmer'feld number is fir.sted deter.mined at each

opelating speed and the bearing coefficient ar.e evaluated
to obtain the eff'ective beadng stiffness. Than the ratio ol
whirl frequency (v) and rotarional speed (o) is determined
to suggest the suitable bearing. The results of this analysis
is presented in Table-7.

Fig. 17 A sintple Jelfcotr rotor mod.el

( l4)

CK_)'_WK

C

Table-7 : comparison of Flequency Ratio of Rotor Mounted on Different Journal Bearinss
Name of the bealing Length _ Lo

Dianteter DA
whirl frequency _

rotational frequency - 0)

Two-Axial Groove 0.5

1.0

0.412

0.435

Four-Axial Groove 0.5

1.0

0.438

0.451

Elliptical 0.5

1.0

0.473

0.481

Two-lobe 0 5

1.0

0.485

0.488

Three-lobe u.)

1.0

0.481

0.489

Off-set CylindLical 0.5

t.0

0.326

0.338
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Significance of Bearing Characteristics

A rotating system consisting of rotor, rigid disks and

linear flexible bearings as shown in Fig.l8 is considered

in the present analysis. The system transfer matrix is
obtained by utilizing the field and point transfer matrices

to sequentially transfer the rotor state from left boundary

point-n [20]. This sequential application gives:

(ls)

[i] = V1,, lBl t Fl,_ t ...lDl th 4tDl tfl 3 lDl l-il ztBl tA 
r

Since the shear fotce and bending moments are zero at

both ends, a set ofeight lineat equations can be solved to

deterrnine the state variables at the starting station denoted

'_.,L
by 1Si,., . Then the state vectors at every station can be

obtained to get the dynamic response of a rotor system.

Numerical Analysis

For numerical analysis, a simplified rotor-bearing
model consisting of three-disks of equal lnass with an

unbalance in the middle disk and two plain cylindrical

bearings for its supports as shown in Fig. l t has been used.

The details of this rnodel ale presented in Table-8.

n-2! in-l n 
Ii I Seciion t

lici

Fig. l8 A general rotor-bearirtg systetrt
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looo 200() 3000 4000 5000 6000
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Fig. 20 Variatiort of d1,1161,rri, respotse oJ rotor witlt

c learanc e ( lt= I 7x I 0- 
3 

N s/nt2, D 1,= lg. 3 9 6x I 0-:t m,

p lain q, LindricaL bearin g, L6/D 6=6. 5 1

A .6.s94x to-5Nr/12

lr. zar t65 x.zn2

l^- rz, r65 ltrz.2

5000 4000 5()00
Rolotlonol tCl.d (rpml

Fig. 2l Variation of dynantic response of rotor t'vith

viscosiq, (C=0.058x1 0't m, D1,=lg. 1 1 6xl 0-3 nt,

pLain cylindrical beuring, Lb/D b=0.5 )

Ploin cylindrt6t beorl[g
LO,zDo.O.5,C - O.Zx l65m
ond [.42r;9'3*"r12

2000 3000 .Kroo 5000
Rofofionol !p6.d (rpm)

Fig. 22 Variation of dt,namic respottse of rotor with
bearing diameter (C=0.2x10-3 m, p=42x10-J Ns/n'r2 ,

pLain cylindrical bearing, L1t/D 6=Q. J )
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lsi; = rD s1i

where
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Fig. 19 A three eli.rk-rotor-bearing nrodeLfor numericaL

analysi.s (d,=0.04m, h=0.04 nt L'=1.062 nu

l'=0.2mandl"=0.I3Im)
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The dynarnic response of this model at the middle disk
mounted at diffblent journal bearings has been evaluated
by the tlansfer matlix rnethod [20]. The variation of dy-
namic response due to bear-ing parameters (bearing diame-
ter', oil viscosity and bearing clearance) are shown in Figs.
20-33. Fur-ther, a set of comparison has been made on
dynamic lesponse between the initial and optimal values
o1 the bearing parameters [20] and the numerical results
ale zilso presented in Figs.34-41 and in Table-9.

C.o.oGxldsm

-aC.O. lrlO-m
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Fig. 24 Variatiort of dynantic respotlse of rotor with
v is c o s i5, 1 C= 0. 2x ) 0-3 nI, D t)= 4 0. 3 g 6x I 0- 

3 
ttx,

plain crlinlyigal bearing, L6/D5= 1.91
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tooo 2000 3000 4000 5000

Roiollonol rPeed (rPm)

Fig. 23 Variatiorr of rlynanic response of rotor witlr
c I e a ra nc e ( lt = 2 8x I 0- 

3 
N s/t n2, D 1,= y'6. 3 96x I 0-3 nt,

plairt c\tlittdricaL bearing, L/Do= I .O)

ob'30. 396 x ld3m

Du - 35. 39s x ldSm
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Rotolionol sDGod (rpm)

Fig. 25 Variatiort of r\,1151y71i, response of rotor witft
bearing tliameter D6(C=0.2x10-'r n, V=42x10-3 Ns/m2

plain qtlinlf igctl bearing, L6/D5= l .a1
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Fig. 26 Variation of dvnantic response oJ rornr witlt
clenrance (V=6.Sg4xl0-3 Ns/rtr2, four axial. groovecl

bearing, hr/Dn=0.5 )
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Table-S : The Details of Three-Disk Rotor Svstem

Details of Shaft

i) Youns's rnodulus (E) 2.07 x l0llN/m2

ii) Shear modulus (G) 8.10 x lolo N/m2

iiit Shape factor (0) 0.15

iv) Mass densitv (o) 7.75 x 103 ks/m3

Details of Disks

i) Mass of each disk (M,r) 13.47 kp

ii) Dianretel ol'each disk (D) 0.24 m

iii) Thickness of each disk (h) 0.04 m

iv) Unbalance at the middle disk 120 x 10-6 ks-m

Details of Bearings

i ) Len sth (Lh ) 2.40 x l0-2 rn

ii) Diarneter'(Dn) 40.396 x l0-3 m

iii) Clearance (C) 0.20 x l0-3 m

Viscositv (u) 41.00 x l0-3 Ns/m2
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Fig.27 Variatiort of dynamic response of rotor witlt

vircosiry (C=0.058x10- nt, four axial grooved
bearittg, L5/D6= l.Q)
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3I Variation of dynamic rysponse of rotor with
viscosiq, ( C=0.2x1 0-'' m, eLlilttical
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Fig. 32 Variation of dynorrlt response of rotor with
cleara nce (lt=2.7 58xI 0-3 Nt/n 2,

elliptical bearing, L1/D6= I .Q)
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FieFig. 28 Variatiott of drynamic response of rotor with
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Fig. 29 Variatiort of dynantic response of rotor witlt
viscositl' (C=0. l 5xl 0-' nt, four axial grooved

bearing, Q1/D6=l.Q)
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Fig. 33 Variatiorl of ehnanic t esponse of rotor with
viscos it.rt ( C=0.2x I 0-'1 nt, elLiptical

bearing, L1r/D6= I .a)
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Fig. 34 Vtu'iatiort efeh,nortr, response of rotor with ancl
witltottt optitttutn bearin g paranrcters

( P lain cylindricaL bearing, Lr,/Du=0.5 )
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Fig. 36 Variation of dynanic response of rotor with anct
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(Four axial grooved bearing, Lu/Dt=0.5)
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Fig. 37 Variatiott oJ d1u1a111i, response of rotor with and
tvithottt optiuttnt bearing pat atnete rs

(Four axial grooved bearing, L6/D6=LQ)
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Table-9 : Comparison of Dynamic Response Between Initial and Optimal Bearing Parameters

Types of
Bearings

Ln/Du
fatlo

Bearing Diameter
(Du) in m

Clearance (C)

ln rn
Viscosity (p) in

Ns/m'

Dynarnic
Response in

micron (u)
Remarks

Plain cylindrical

0.5 40.1 l6 x 10-3 0.058 x 10-3 28.1512 x l0-3 35.1I A*

40.396 x l0-3 0.214 x l0-3 41.2538 x l0'3 20.952 Bx

1.0 40.120 x 10-3 0.06 x l0 3 17.00 x 10-3 90 80 Ax

40.396 x l0-3 0.214 x l0-3 28.15 12 x l0-3 16.55 B*:

Four axial
grooved

l5 40.23 x 10--l 0.115 x10-3 17.00 x l0-3 149.33 Ao'

40.396 x 10-3 0.214 x 10--r 41.2538 x l0'3 38.453 B*

l0 40.1 16 x l0-3 0.058 x 10-3 28.1512 x l0-3 32.95

40.2306 x l0'3 l.l 153 x 10-3 41.2538 x l0-3 13.98 B>B

Elliptical

0.5 40.116 x 10-3 1.058 x 10-3 1.639 x l0-3 52.64 A*

40.396 x I0-3 1.214 x 10-3 47.2538 x l0-3 19.089 B>F

l5 40.2037 x l0-3 l.l0l6 x 10-3 2.158 x I0-3 32.81

40.396 x l0-3 0.214 x 10-3 4't.2538 x 10-3 13.559 B*

Five pad

05 40.2032 x l0'3 0.1016 x l0-3 1.379 x 10-3 8r.14

40.396 x l0-3 0.214 x l0-3 41.2538 x I0-3 35.334 B'r'

10 40.116 x 10-3 0.058 x 10-3 3.441 x 10-3 64.04

40.396 x 10-3 0.2032 x l0-3 42.1974 x 10-3 20.908 B*

Ax
Br<

Initial values

Optirnum values

t96

3000 4000
Roldtlonol .P.ad

Fig. 39 Voriatiott of d1'2a11i, response of rotor with and

vv itlrcut o1t tinrum bea r irry P dranrcters

. (ELLiprical bearing, L6/D6= 1.61
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Fig. 4l Variation of 6l1na111is resportse of rotor u)ith and
vv it ltout o p t itnum b ea rin g parantete rs

( F ive lad bea ring, L5/D 5= l.Q )

t.

Conclusions

The thteshold speed of instability is the speed ar
which clitical mass (Mc) is equal to the mass (I4) at
Deal'lng sl_atlon.

2. Genelally, the oil-whirl takes place for the fi-equency
fation of 0.4-0.5 tbr rnost of the speed. Fr.om the
numelical r-esults, it is observed that the frequency
latio of all the bearings Iies between 0.4 to 0.5 excepf
the ofT-set cylindrical bearings.

3' Since the frequency rario (v,/trl) of the off-set cylin-
drical bearing is much lower than 0.4, so that this
bearing type is expected to be more stable for any
rotol'systeln within its oper.ating speed range.

4. The physical bearing parameters significantly alter
the dynamic response of the rotor system because the
dynamic chalactelistics of rotor-bearing systems as

greatly influenced by the bearing coefficients.
5. The rnaximum dynamic response of the rotor can be

minimized by choosing the most optimum bearing
pafameters.
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