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Stability Analysis of Turbocharger Rotor-Bearing System
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ABSTRACT

The floating ring journal bearing is attraction for high-speed turbo machinery applications, including turbochargers and aircraft
accessory equipment, because it is not only simple and easy to make and to replace in the field but also it seems to have adequate
high speed stability characteristics. Therefore, an analysis method of dynamic properties of floating ring journal bearing is presented.
The static equilibrium locus of inner film and outer film are calculated by using the impedance description. The equivalent stiffness
and damping coefficients of floating ring journal bearing are composed by using the equilibrium of torque between inner film and

outer film. Then, a stability analysis of turbocharger shaft system supported with floating ring journal bearing has been performed.

— 7|54
S : Sommerfeld ¥ w . Jd2 ¥g
C, : ¥ (clearance) e : HAZ
e : AHE(C./e) y A
H oY He M : ZHE
R : BEAE(D/2) ® OEE
F 3% v, : 2YzlE] ¥H
p o 4 L e
T B3d EE U : oR +oR
U : ok -oR U, : oR,

[cp] : 741 a2

% obel WA
DS f% 2: 9% 4% 5 A9 o

[k]: 24 =29

1. A4 &

el #AF fgEo] d% dYsta shEE 2AE
o] g 7gel wet Ao HAAEL HH o] BF3,
1£3, 1543 Hu vk ang g g A7A
B9 A7 L 0% F84A HelAa glon, 53
A7 AE AASE HolHE 3 AVIAlY A B
< %S FE YAFA HAI8 A F9 shtoltt.

T} 7] (turbocharger)i= o813 1L AP nEHo
AEE 2dE BHAFE IJAZAZA A5AE 4¥
A7, 7k2EHY 2 Hdukg O0iE d4 dde E&S F

3k A7171 A% A A7 Aot IF71e dee

- PP g
E-mail : shi626@muaill.pknu.ac.kr
Tel:(051) 620-1604, Fax:(051) 620-1530
o TR 7] A F

- 1038

ARANAM WEHE b7t E o435t BF7e il
(turbine) 3 AAIF1 EWF A ¢35 7](compressor)
7t A goz Ay I ¢ENE FHFE A
ZIAZA, 371 BE F % pm 9 JHFE ZA=
n& B vjA el
T2¥ 3 49 do]H(floating ring journal bearing, FIB)
Antdg oz md, A A A A Aoz
#A slow, o8 HF7Id dE AFEEHT o
& g Y& §goz §88 FFo| e
H4& 7tA2 Qlth
B Ao Hdebg OF die] FaE= #gv]
& AXse T2EY B Y o FEA A4S
FYsta, ol o]&std FHAZAY AY HME 5
3t

FIB o #3% AF+= Stodola off 93] 1927 A go=
AF AL Stodola & FF7] AR AdY 2z
dAdE F7] guld 29 FIB o vt dTE 53
8Lt} Shaw 9} Nussdorfer(1947)= F-3 Z H|o}g o] &
o2 FIB o t§ s14-& 31900, Kettleborough(1954)
= Ede ¥ g3 A9 AL did 48S
AASHT}. HZole  Osterstrom(1983), Trippet
Li(1983)% Azl Wi A¥ate] xo]dd uisty
W R E 3191, Barrett ¥ Knight(1988)F FIB 7} 2 %9
Gl e A7 E TP

o e rlo

2. 8 A
21 228 3 A Wojge] 554 a4
1 Ak AW Woie A4

28 g AY HoyFEBR)L A Hojho LS
A0e Fejza, Ada goz olFold S foat



JIHCS & MM U 2002 D HBE MEAH AFA

P Aol d oz oRofF 9F Fe] 2 A FHL
2 Ao

FIB 9 siMddoz= U -9F futore] FEAHS
Zrzb AL H, g5t SE AEE U-9S
X el FEAL Childse Fol AL Y= I
(impedance method) [11& ©| &3t A4tstith

Ad woj=g 9 3“’-‘1]””"@] BAZA wEpA &
W) o] H (short bearing), F3 & o] H(infinity bearmg) ‘rT

g & w o] P (finite beanng) 013 5ol sloH, 2% W
ojFolut F F ujo|® ol 31%1 Ho Y& 51]’—‘45']'
Hl A@Holmz, HIde #F3 F HojY o]&e]
Bol ARREHARE, F2IAHQ Atol 5'—7&51 94de 7HA
2 3o

Frd & o]y o] 2o %
oE A3 2ol AXEAT

f9 <& Warner[2]7}

_ [, _cosh(2z/LYAL/D))
PO2=Pp ”[l cosh(AL/ D) ] M
d 2
fz (l+£cos6’)3(h] do
o, 1= a6
ﬂ’ (1+£cos8) dp_d
Zd o] H 2] Reynolds 744
S w2yl 12"31‘ ZE2 (Cécoso
26 o0 "z ez C @
+cosC.e(f — w)sinb}
g Zon, 4 @F 9A 4 ) 2ol & F7F A
o}
___‘?_ 3_‘2& 2_6__ 3 0p IZﬂR v,
60(h 60)+R az(h 6Z) ; ———scos(a +6) 3)
714, v.€ 2 E NE (mobility vector)o] P, 1969

d Booker[3]9] <3 A4 “]]01%‘—4 b Ao ALE
Held. o] WEHE #HE f4oz IAdste FI3AE
7MY, &5 A= < Yehdoh

Fig. 194 W= dodx E‘!Ei(lmpedance vector)©] ¥,
st WaE e Ws ZhAn §§ £ W39
A #EE 1977 3 Childs[1]e] 2] &) XIIOJ ok
dFd29 Azl= A @ 2o

%

={0.15(E2 + 672 (1- &))" )
o 7]A,
3(1+3.60) S
E=1+2120, G="L"122%) " _(-¢)L/D
+2.120 g 21D
E=¢gcosy, n=gsiny
A FA3 oy FAME Ak AT olFE AR
Z}(attitude angle) y 2] A7l A (HE FoRA}.

1039

Fig. 1 Coordinates system for impedance
4(1+2.12)(1 —xl)'“}

_ _a2y-I2 -1
7_{1 AQ-A4%) }[‘a“ { 3(1+3.6B)x

—%llt—l+sin"x}+a—sin"x *)
A7) A,
B=(01-A*)L/D)?, A=¢ecosa, Kk=¢gsina

Ag WPy 5 AleE T -rlsﬂ*i“ A
A2 HPY4e] o] FPFojot k. &, WHAE €
3 YAy 7k AR F A FYYA| A9 v
& WEd & yL Aoz FEA AlFEel A
b Heolzlth

ANES AXNZA2 doj™ Aol @2 Sommerfeld
9 oddx Yo & Sommerfeld 75 HAFOR
A FERA a3z Yol Add AAE o] 83d
Taylor H5¢ A8 E o843t 54 AFES A
Abstd, A ALE A ()T 21,

K, =a,sin’y, +a,Co8¥,Siny, +a, CoSy,siny, + a,,cos’ y,
K, =, c0sy,5iny, + a,sin’ ¥, —a, cos’ 7, + ag, o5y, siny,
K

b2

K, =a,cos’y,—az,cosy,siny, -

. 2 . 2 .
=@, COSYySiNY, —a,,COS" ¥y + Ay SIN" ¥y + Ay COS Y, SINY,

a,, COSy,Siny, +ag,sin’ z,

6
FaAes A (D el ATATH1]

C,=b, sin’y,+ b, cosy,siny, + by cosy,siny, +b, cos Yo

C, =-b,cosy,siny,+b, sin’y, — b cos’y, + by cosy,siny,
C,, ==b_cosy,siny,— by, cos’y, + by, sin’y, + by, cosy,siny,

C,, = b, cos’ y, — b, CO8 Y, Sin Y, — by, COSFysiny, + by, sin’ y,

M

2) 229 ¥ Ad

:.
T H

EERERE

Az o] AW MojPol P&

o} 2ol UZ3} 9459 2 e
2.

FIB & ¢ollA A5
A3 e 2 A Fig. 2

Hloj]gos Ry & ¢



JIHL & dE & 20028 % J1H

b

=]

el

Al

Arstol oigtal

=

it

ZzX

Inrer film

(a) Inner film
Fig. 3 Modeling of floating ring journal bearing

(b) Outer film
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Fig. 4 The flow chart of dynamic coefficient calculation of FIB
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Table 1 Floating ring journal bearing data

Item Unit Value
Bearing length(inner) | I, Mm 23
Bearing length(outer) | L, mm 28

Bearing inner radius | R, mm 22,5
Bearing outer radius | R, mm 32.385
Inner clearance C, Mg m 30
Outer clearance C, Hm 115
Oil viscosity H | passm® | 0.01076
Journal weights W, Kg 38.59
Ring weights w, kg 0.435
L /D, 0.51
C,/C, 3.83
[ Rotating speed pm 28000
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Fig. 6 Finite element modeling of turbocharger shaft system
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