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Effects of Exciting Frequency on the Stiffness and Damping
Coefficients in a Tilting Pad Journal Bearing

Hyun Cheon Ha, Seong Heon Yang and Ho Jong Kim*

Research and Development Center, Korea Heavy Industries & Construction Co. (HANJUNG)
*Doowon Technical College

Abstract—This paper describes the effects of exciting frequency on the stiffness and damping coef-
ficients of a S-pad tilting pad journal bearing, LOP (load on pad) type. The stiffness and damping coef-
ficients are investigated experimentally under the different values of exciting frequency, bearing load
and shaft speed. These coefficients are estimated by measuring the response of the relative dis-
placement between the bearing and the shaft and acceleration of the bearing due to the known exciting
loads acting on the bearing. In order to analysis the response of exciting load, displacement and ac-
celeration, a FFT analyzer is used. It is shown that the variation of exciting frequency has a little effect
on both the stiffness and damping coefficients. Both the stiffness and damping coefficients in the load-
ing direction are decreased by the increase of shaft speed but increased by the increase of bearing load.

Key words—tilting pad journal bearing, stiffness and damping coefficients, exciting frequency.
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Table 1. Specificatin of a hydraulic exciting system

No

Name Specification

-Stroke: 2"

I Exciter head .y 1) (static+dynamic) force: 10,000 Ib

Master -Static+Dynamic: continuously variable
controller -Dual loo master controller
3 Signal -independent dual signal generation
© generator  -0~600 kHz for sign-wave

-0il: ISO VG 32
-Pressure: Max. 210 bar
-Flow rate: 120 I/min (60 [/min X 2)

4 Hydraulic
supply unit

274357 913 Y A2 Aekes we ek
4G AL AY eIy, A%, shFWbEA, §
A, $BREFEA, B AP, 2w
FUr PP Foz T oot

[

A& Wojgle s} 5702 FAlgl LOP(load on
pad)d] wlofgfoln, s ui= Alo] 4] Abel 270, 3}1-of
IR E Fle] vk viei=de] 272 300.91 mmo]

, %2 149.8 mmo] 3. wofgd 2] 7k
th 7F s el B lee] 64°8 Foldh EUI.?-_ A
xl—glo4 o‘ﬂ Zv) yisk vl %—7‘“‘:’&5}9} 36’:0]-0]] g]_‘i‘_ j‘_o]
RHEe1A gl

Fig. 2014 3 4 Slel, A% weldg 7hlsl]
ola) 2709] &3} 7141 7] (hydraulic exciter)y3 wWo1& 3}
o] M Azko g A} 3R] = sig-
nal generator, master controller, exciter head, hydraulic
power supply, line control manifold, LVDT, load cell
Sog FAEe] olen, Table 12 fih7iald 2] 2]

Al Abekg vheh S sdet
s 7hAl 7] 24E] wlof el ZhallR] = spal o] =2
223)7] 23] exciter headell 2712 load cell-S
ek 1Elan, 3t welgl o] Adim el wo]
Aol e A2+ o 7 eddy currentd B]HZA] w2
142 A x| shgd on], wlelgle Ao rMErs &4
317] ¢4 o}x3 7w KX E exciter head H-of] A
Asfoir). 2 A 2ye] AEse W) A15.2] 5y
R

FFT analyzer=- A 2] 3}¢iv}.

im—@#ﬁm

:Q‘L

o %

A

=

p

HoA
4

8l7] )&} digital oscilloscopes}

4. A8 4y

= iel A3 %‘%‘Hl?é AEH o= qidstr] 9
s}

3 M2 e 5 7}Al AF =Asin(wt-04) H AF,=

X

Journal of the KSTLE

Bein(ay-o0)% 418 Mol el ks Ha7bl
ol gsteich o) ul, Foluc £2.3
ow w5t AV 2714, BE AL A

= 7ot
Pl s

o, 47 A A Estojol & A

signal generatorE- o|-g-3}e] M3}
St ek 3
I~

A, %9 A Fulpe} A Fuhae] 23 Fakg
(harmonic frequency)Z #)&kc}. T4, A8 Wloig] 7
2 A8k ol A aasakel 3 Tk s
gk A, oo 2183 xS e’ & 9l
ek, 53], 7kl Fupal spalvle] g AlEaest
A 7, 33 sl wAE 5 o] witel

Fo]3lodef grf

28] 3, 7R E 8] =7]% master controllerE- o] 8-8}
of AR B =l e 2% A4
7] _,43].0:] E}-A_ﬂ} 7o HLHJ‘_ o]ng—],odu} = /\] &)
wol 3ol A% W] AMERE HEEw 7kl §
&< digital oscilloscope-s E3l 1 Z7|5 IHE3}d,
bl Sspel 2 2l%o] wejale] wwE B

(450 um)2) 120 ©]3}7} H 2 *“hsbi L= S LIRSS
= oleig ) 7hl Shg 7hed @ FHastge vy
FEA Ago] Ay AF shellA Tsﬁ%l = EE 3t

/| slgolet

Fig. 20|4] ®B50], 7}312(AF,, AF,)2 exciter head
2] load cell2H-¥] 71&3lc). o] #7274 AFE FFT
analyzer%. F3}4= #A5lke] A (18), (19)¢] ¢ ~c,, d)~
4,2 F3ic) W AR HAEEE A7) MRS
digital oscilloscope 2 33 HAgro 2 7izlg ]
#2718 AHsh=d o] gstdrt. elar, o] AT E
FFT analyzer 2. T3} 2-A18to] 2] (11), (12)9] a,~a,
b~b, & sl Le)ar, Al wloig o] shibie
gk s Ala o] Als s Fubg A Eted wjolg
o ek~ fi~firs T8kt

Fig. 3(a)i= wlojgle] x 2 yZol 7+7h 14, 22 Hz9]
Fateaa] 7}RIsE 749 exciter head®] load cell 24
B 71 &%= A7) AlE(No. 13} No. 3)9} wije]&d Alo]
Aol atgl W] Al ERE] PEEE 2] Als
(No. 22} No. 4)¢] #}33-& vjepll 7lojc}. Fig. 3(b)=
load celi?] 14 Hz %1 3% FFT analyzer2#4] =3} &
A5} oflojct.

B mgella iz AT, HHAE, 125 38
spel wstel ofE gobdle] WalE Ao



74 F557k Qe o] duo]

P

A~

T e
Véf'an-v—r‘s
S
Nn( Tk, J]"
\,-.-1‘ R-ylan w3

3

s

9.5 v

‘ 230my W WE /V\VH ! LA AVAY

y AN MAAAAGT T
; T_ _H— i St b AT

P i 1

u

T

]

|
A

)

10 A
1 A NN

o 10 20 30 A0 %0 0 70 L] 20 H
Fig. 3. (a) Time signals of load cell (No. I & 3) and dis-
placement sensor (No. 2 & 4). (b) Spectrum of No. 1
(load cell) signal.

B7ksbr) sl et 2o A
A ofd o] ]3] < 2 (N):
HE}3hE(W)): 5, 10 kN
FaFo) T LE(T): 40£0.5°C
- &-F-2] 5 F9HQ)): 120 Jmin
x%F 7h kg a A @A R 0.54)
y& 713l Fab WEkE|H F9h422] 0.6~0.96))

=7 dgsielet.
1,200~3,600 rpm

5 Za ¥ 1&g

R LR E EEE R B

A AR A5l el Ao wojzle) 7
A 8 s ASE Fajel 2alshedel,

Fig. 49} Fig. 5% z}7F N=3000 rpm, W,=10 kN3] 4}
Boll A x32) 7hH Fab40508 A A7), y 5
zkzk 3| -4 w2] 0.6, 0.7, 0.8, 0.99) =2
ZAAA71A) ZAE wetale] AR ks) 2

g co] HxE vehd 1ot o] F 16X K,
74l Fold=2] wisly} LOPY se = "HEldf= 2oid
wolgle] ZHgd o Zhal Al el vl A= od e A2 9
& o 5 slrk T vleld el skl Fabael 3
Al o] st ukske] 7k 2 A AG k.o et
W @A epsdr) o] 2 o) fi= LOPY SHjE |
Bl A

eldujol ol M+ H}T"] sh-af =of| ol
o= A A F| . A, shF wako ge] 7}

9 74 2

7] Algzel] vl 38 19

N=3000(rpm)
8.0x10"
— W
7.ox107 | — 8k
— Ak
6.0x107 | " -
- L} e ~— @ |-y
800107 |-
a.0x10” |
3ox10” | v/'\
= v-—
E 2000 | v
F3 \s e g
= 7 |
o 1oxi0
0.0
-1.ox107 |-
7 e
-2o0? |- rS e _ A
o107 |

-4.0x107
o.

1 1 L L
5x 0.8x 07x 0.8x 0.8x 1.0x
Y - Exciting Frequency

Fig. 4. Stiffness coefficients vs. exciting frequency (W =
10 kN).

N=3000{rpm)
4.0x10°
—B—Cu
— 08—y
350° - a
—A
M e LT
300108 |- — T g—— "
2500
= 20a0 [ -
E T
@ -
Z im0t |
e
1oa0®
soaitt |-
*— & ———,——— g
00 rY A a
A
_50‘106 H Y 1 L
0.5¢ 0.6¢ 0.7x 0.8¢ 08¢ 1.0

Y - Exciting Frequency
Fig. 5. Damping coefficients vs. exciting frequency (W=
10 kN).

3k 71 A%k 715)7] doleh. el w, - 34 st
el ol vl 8l =]+ 2F=]ut 93 Ad(cross coupled)HAd
o A7 b S o 4 ik otz ol 20
£ 5 el ) g e sl o
251, 7hg A 29 B3 50) HaHel 8
o o3 £ Fol HAlzto] BAES] Liehd swo
2 whdch of] 7px] FAzAsle A AEe 3
sk eh S8 AU 742 ole) )
wofeiel 743w 2407
78] WkA] ¢tk gt

Fig. 63} Fig. 7 W,=10kNell 4] x%2] 743) F3}

Vol. 14, No. 1, 1998



20 stad A -

20010
—m- - 1200 pm
1800* - —@— 1800 pm
—A&—- 2400 rpm
1.6x10° |- vy 3000 pm
~&— 3800 rpm
14x10° [
12008 |
£ ——m .
S oac | T
} Y *-
a0’ |- g
. $— ’
soxio’ | PO ——— l\‘n_\'
-9
a0’ |-
20010" |-
00 L Il 1 1
0.5x 0.6x 0.7x 0.8x 0.9x 1.0x

Y - Exciting Frequency
Fig. 6. Variation of k. with the shaft speed (W,=10 kN).

8.0x10°
—m— 1200 rpm
—@ - 1800 rpm
70010° |- —A— 2400 pm
—w— 3000 rpm
—0— 3600 rpm
600 |
5.0010° [~ "
i
3 /l//.’_,,__(/.
K B e " a
2 o e
30 | —— Ve %
o
2010° | g — @ °
1.0010° |-
00 1 1 1 1
0.5 0.6x 0.7x 0.8¢ 0.9 10x

Y - Exciting Frequency
Fig. 7. Variation of c,, with the shaft speed (W,=10 kN).

H0.50F AT, yEHe) 7R FuaE 77t 8
HN252] 0.6, 0.7, 0.8, 0.99) 2 Z7}A| 7| 2], 2o 3]
M o] wsh(1200, 1800, 2400, 3000, 3600 rpm)el
e shE o] A ko A o 0) W)
S vhehd 1eleh olF a23leld o 4
LOPY So= Felshr dojdulolglely 5%
b Frhe sl A 4 Al ASL e
Al RS ok S glth o) he o) fiz A el At
Hago] 27) Wil F oulojae] s}Fe] sl =
EEEE ﬂ%xtz-- SEEEAESF
47k 71717) wstoleh. o] s} whey
EREES RIS w%o] R EER PR

Ssuoel B 4AAE Hoeh th

fol

ol_f__o]

Journal of the KSTLE

sk, Al
%o} Z7)a,

of Aol F 8

8 Aol = F2] 3HE
wolejel Bl gol Hashl Hel &
2919l #M7]F T (wedge effecty’ ZHAH

a1, 0] 7| 2] &) A #| 7rAdo] zhelRlc)

Fig. 83} Fig. 9= N=1800 rpmol| 4] x&-2] 7}2] 3}
FHO5xyE A 2, y5e] 713l Rk 2hzt
A4x0 0.6, 0.7, 0.8, 09 8] & 2721719 A, H-3ls)
Fol WS, 10 kNl Sl hFuakel A &

oF FaAlS o 0] Wsks vehd 2ol o] & 1¥

oA & o qlstel, 22 FASE dpellA] koot e

wahalgol Frbaol wel o gkl Zvlake AR

(

B

N=1800(rpm)
100108
B ke WY
—0— ke W2
s.0x10 | — A Ky W1
. —¥— kW2
T
soatd | —e .
70010
a.0x10 |
E sond |
ES
x40l |
3000 - .
v— TT——nm
W —
o |- Y
2 .  am—
10x90 |
00 1 1 1 iy
0.5 0.8x 0.7x 0.8x 0.8x 10x

Y - Exciting Frequency

Fig. 8. Variation of stiffness coefficients with the bear-
ing loads (W =5 kN, W,=10 kN).

N=1800(rpm)
soa1f

—H— o W1
—0— e W2
pa— ]

/ et
S

4540 |

soac® |-

358

300 |-

2800 | . "

<y {N-s/m)

200 |

1508 (-

1006 |-

sondt |

00 1 1 1 1
0.5x 0.6x 0.7x 0.8x 0.9x 1.0x

Y - Exciting Frequency
Fig. 9. Variation of damping coefficients with the bear-
ing loads (W,=5 kN, W,=10 kN).



SR T R BEBEAR

Hele} &, F3jatgol Frtsiul, wlold el Waldo
Z7kshAl Flan A, LOPY Ssi= "eaf= Aol
wjof g o} sh-sf o] A7) a3t FrlsHAl H o] s
e “é«l A= 7ol Azt shgg ekt 2 st
*é sh3ol Zhasd, iy o of
= e A =, Ah Al Al o
°.-—_]' et

= —orw e Ao Ao o
LOPE saf = "elsf= Hojduofe)e] 53
T AP Eel dial, & A uks
Ao 3 AP el webd %‘—
AR A 1%1%2471% Mool g2} 22

N

|° r1o

o,
ol)l
N
=
Ole
ﬂlr
ll
oh: )
ru

4
0
2‘.
uﬂ

Fd
b

oX

6.8 £

LOPY So)x= gejah= Aoldulolsde] 34 4 4t
HAce) B4& AGA o JAs] $lsted 2pA A
02 4Y YA QAR AL 1YL FaAste] o
&3} e A% Agich

1. LOPY S3j= gelsfm zjofd J
AHAGE, 7H F9k57h A1 F5ke olskal 3
7ha Fohae] el of ghe W kL AS) %
k2_§ cpefde).

2. LOPY S dedse Aol dulof ol i 2]
A v}vOI shsl el SR HFH 02 %]7)5]7]
o ol shEabare] 7H4 2 7ha A5 Abg 2A o
ede}.

3. LOP® Sa= Wl e Aol dulol gl 34
SEsh yejalze] Watol mhet gl B4 2

145 Selbl Wan <, che e A0 o

A

wel g o] 74

3
U

ﬁ>
r1r
_lr\

4. R} e] Zrie)l A& ) FastH, HAl
Fo| Z7hEle] - =] FEEAzL pobx| ﬂl?l
A7F o] A7) w e, steutakoge] wef
o] 7pAd 2 A AF7E v % AR} o] o} wi =,
slslo] Aol w, Fifelx HAF] FolEY]
aff F-off shzako 2o) 7R3t 23] Al =7} 2belxlct.

—{'»l' ol

2 g Aol A g 21

5. b4} gl A% vl 271t A uk iy
W A 57k el ol 7k @Rk 24
Sof #gA2l 2800 2s) 4 Tl WA Aol

3
el Ajojdulojgge] 7 o A AG5E YA
oZ 3] A% 7pal Falgee] AA 7| RS Hehs
= 22, 5 wlelgel s 531 BAE ¢l 53)7]
A% M7l N Al 3 AR EA] S 58
Ao yig =)

Nl ¥ %
A B :7AEe a7
¢y HEAE R I
F, F, ox, yee] 721y
k; A
m cefjel®) A
Oy dlels] 34
P, P, :x, yubarel fahubE
X,y 7hAl whake] 2w %A
X v sl abE vhake] Aw A58
o s e

o, @, :7}3 kg
A, A F3} o] E 2] Abu

1. Muszynska, A, "Whirl and Whip Rotor-Bearing Sta-
bility Problems,” . of Sound and Vibration, Vol. 110(3),
pp. 443-462, 1986.

2. Booser, ER., Missana, A. and Ryan, F.D., "Performance
of Large Stcam Turbine Journal Bearing, Trans. ASLE,
Vol. 13, pp. 262-268. 1970.

3. Michel Lalanne and Guy Ferraris, “Rotordynamics Pre-
diction in Engineering,” John Wiley and Sons, New
York, 1990.

4. Dara Childs and Keith Hale,
Facility to Identify the Rotordynamic Coefficients of

"A Test Apparatus and

High Speed Hydrostatic Bearings,” Journal of Tribo-
logy. Vol. 116, pp. 337-344, 1994,
5. Junichi Mitsui, "A Study of the Lubricant Film Ch-

aracteristics of Journal Bearings (Part 3, Effects of the

Vol 14, No. 1, 1998



2 S - e AEE

Film Viscosity Variation on the Dynamic Characteristics
of Journal Bearings), JSME, Vol. 25, No. 210, pp.
2018-2029, 1982.

Journal of the KSTLE

6. RerELE, Aoldloly] fube] 7 A Zha Al
A AT, AF)” ISME, Vol. 42, No. 362,
pp. 3303-3310, 1984,



