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Proportional and Derivative Control of
Hydrodynamic Journal Bearings

Byoung-Hoo Rho and Kyung-Woong Kim'
Department of Mechanical Engineering, KAIST

Abstract — The paper presents the stability characteristics of a rotor-bearing system supported by actively con-
trolled hydrodynamic journal bearing. The proportional and derivative controls including coupled motion are
adopted for the control algorithm to control the hydrodynamic journal bearing with a circumferentially groove.
Also, the cavitation algorithm implementing the Jakobsson-Floberg-Olsson boundary condition is adopted to
predict cavitation regions in the fluid film more accurately than a conventional analysis which uses the Rey-
nolds condition. The stability characteristics of a rotor-bearing system supported by actively controlled hydro-
dynamic journal bearing are investigated for various control gains with the Routh-Hurwitz criteria using the
linear dynamic coefficients which are obtained from the perturbation method. It is found that the speed at
onset of the instability is increased for both proportional and derivative control of the bearing. It is also found
that the proportional and derivative control of the coupled motion is more effective than that of the uncoupled

motion.

Key words — active control, hydrodynamic journal bearing, motion control, stability, whirl instability.
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Fig. 1. Coordinate system and circumferential grooved
journal bearing,

AolHe Y HEe Eieke vE 2 vl Ao
Aestint. ek vojd ) &8 Holae] As a4
& olEA ke 3F L B Ao A5
95t Elrod €X2FE ol&sto] si4dsiitt.

2. 0|EalM

2-1. X|ujeE4
DEE FRE WY HABAE Fig 19 et

131 A= s s o R B D P KT R S %*TO] A7 94
o] siEEch B doa A 93 FeEe

i A el e Al a0 ol
AT e Pajolth,

3t Wolge AUl PAlelt, 2T F &
IE A FF AHe RBAZ F AAA A
o VST A9 4 ESE el 21
FF ) PG fmE dols= PRAe
chest 2T

0o - O(Bel 06 _0AYV.
:;;("f”)-ax( % _ )

12u ox 2
9(Beh’ 96, _9thz)
+o7z( 120 Jz 2 M

AW g 2913 FFEH FEFNINE 09
& sionl, B aowt 19 g zhett 1o
3 p= 74 WA, e auAel B4 A
&, Vot vie 9 ¢ el ohe A dlo] s
o E3 G A% HUTHE 6 thaw ok

h=C+ (x;— x,)co80 + (y;— y,)sinf 2
6= plp. (3)

Journal of the KSTLE

=

AA7]A Ce Wlod 7HFolH, x, v x, e A
I Wod S49 FHFoldk. I p= HEAY Y
EolH, pE 5% AN f8A LxE=AM A5
ezt FU1EoR) ST dE A gEE
FAS] A FAeS SRS olgsle U
7ro] FHATHS.

p=p+p6-1) “

A7 pi= £BAS] Bl YR 44
& zhov], B ATelAE O geEnRE 0oz A
seich. delel the AAEAL 719k s R
27 22|z F7\2200 sl ARHR et 2ok

pP=ps FH SolA (52)
p=0 913 EiollA (5b)
p(82) =p(2r+ 62) F714 (5¢)
A7V pE BH B

Eeltt. 4 (1)°— A 3
g5e Haskon, FIAEEe ol8d A
o FEAY. AYL olgale] WelF
F s Wl Ui 3 slalsigon], Akg gt
FE FH0E QU W el tiEA 2zt
12170} 15712 B}

20, SEUWHA|

5 Ao} WlolRe Az%le] HARHAH 2T E )
= 40 W9 ¥ SEol sl Wold F4e] The
3} o] AelH=E sk,

{Axb}z_ P.P, {Ax,}~ D.D, {Afc,} "
Ayb Pyx Pyy ij D}‘XD,V,V Ay]

A7 Ay, Ayt Ax, Avee FHBIAAZFE )
= A Hlol® F49] Wejeltt. 2= Pt D=
2zt wjolge) Bl 2 Wi Ao) Aglolch. 37)y

Po, PySt Do, DyE W9 89 Ao} AlGleH,
Py, P8t D, D= 974 489 Xﬂlcﬂ AlQlele}. Al

do) BAFAYA 2] vla 2] isie] u
ol Ul el WS ) wele ¥ ol
o elsid 2AkE - % low, WlojHe] AEstw

24 A5 g3 724 AsE Lund9PF Algksk
HEMS olgsle] Tk 1 dgs AFES °f
gl Zalola) A2He) eEUHAL Yehid o
23 gk



TS HlojE e HiE B wlE Al
m 0 {Mj}+ Cax Cry {A)&,-—A)&,,}+ k. k {ij—Axb
Om Ay} Cyx Cyy, A)')i_A);b kyx kyy Ay J _Ay b
¢))

e L

Azl 29} 7 Algoldh A 6 A (NER
Bl A2de] EMduPdAe A8 4 920 Routh-
Hurwitz SP84 SRS oj &3l A|28e] Qg

Hde) 48] &=

Folz % sl £d tisle] oy W fut
frEF wkgo] o ke A = A
22M Newton-Raphson-&
olgste] 3I3Ict. o] HRZHE HEHE o835t
wlojae] AYske F54 A A A AsE
Tt o9 A3} By AFE olgste] AlxF]
o] EAWAAS Faon, o] BAWAA o 2N E
Routh-Hurwitz P84 HEH-E o83l A|2=8]9] <t
& WEsI

B oA AL ol AlS E 8Re] 4
21& Table 19 JERAATE & 3ol gk wlo
ol 7143 7+ AFE Fig 20 YERJSIT o] A
2He] FFALEE 6670 rpmolH P FHA S E
A¢] "¥)E 055100tk

zzhe] wlE Ao} Alle] Alzwle] FAdel mX=
&S Fig. 39 Uelfigich ol e Alo] ARl &
e ALste 25 0 A9 A Aot v
A4 gE Aol AL P& P AT, Aoy AlQle]
F/HEE B9 /A& EE AY ARz Zvt
& pRUO= POl 98 &3 4 =) v A

Table 1. Properties of the lubricant

Applied load W=2981.0(N)
Diameter and L/D D =80 (mm), /D =0.5
Clearance C = D/1000

Dimensionless supply pressure
Fluid bulk modulus
Oil viscosity

P, =plLD/W =05
B=1.0 X 10° (Pa)
1 =0.0290 (Pa-sec)
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Fig. 2. Stiffness and damping coefficients of the
bearing.
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Fig. 3. Stability characteristics of the proportional
control.
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Fig. 4. Stability characteristics of the derivative
control.
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Fig. 5. Instability threshold speed for PD control of the
uncoupled control gains.
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Fig. 6. Whirl ratio for PD control of the uncoupled
control gains.
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Fig. 7. Instability threshold speed for PD control of the
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Fig. 8. Whirl ratio for PD control of the coupled
control gains.
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Fig. 9. Instability threshold speed of the proportional
and derivative control.
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