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Performance Predictions of Tilting Pad Journal Bearing with Ball-Socket
Pivots and Comparison to Published Test Results
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ABSTRACT

This paper predicts the rotordynamic force coefficients of tilting pad journal bearings (TPJBs) with ball-socket pivot and
compares the predictions to the published test data obtained under load-between-pad (LBP) configuration. The present TPJB
model considers the pivot stiffness calculated based on the Hertzian contact stress theory. Due to the compliance of the pivot,
the predicted journal eccentricity agree well with the measured journal center trajectory for increasing static loads, while the
early prediction without pivot model consideration underestimates it largely. The predicted pressure profile shows the significant
pressure development even on the unloaded pads along the direction opposite to the loading direction. The predicted stiffness
coefficients increase as the static load and the rotor speed increase. They agree excellently with test data from open literature.
The predicted damping coefficients increase as the static load increases and the rotor speed decreases. The prediction
underestimates the test data slightly. In general, the current predictive model including the pivot stiffness improves the accuracy

of the rotordynamic performance predictions when compared to the previously published predictions.

1.4 2 et oo, Tt KA, Wl o] A7 -4o] v], 12l 5k
Wedel e A sidS aske] wluskioh Kirket

AE7), ¢%7), dF eyl 2w S 28 14 3 Reedy = TPIBY] 3 mdlS AASHER 38 G4 Aol
AA| A2’ AT T4 L5 $E HE 4t ele o WE AT H A4 HIE E45KTE Nicholas®b
A Y Ho]P S ARgEts FAolth B3], mdolAe]  Wygant®i TPIBY| i FAfo] wpE ui JALS wskE
54 A FRE e, A EAAE of7|shs . RANIAM BEAEAAL, o] whE = o] SHHskE #3
2} 74 (Cross—Coupled Stiffness Coefficients)o] QAU — 24WE Ea4 BA8%: Hwang? 58 37 22

nj . 2ko. glg @it wo]e(Tilting pad bearing, TPB) ©]  TPJBY = HHL 13t sj4L +3s1qct, 14 A=
Ao}, a8y, TPB o] Bstal sjuo] 7Fo]  wj=o] AFom Qg wapido] wAsh, dnbaoz A
Wallsto] AL o|Z0] 4% 9t} Nicholas” 525 (= & A9 w7t 3] 27| wjito] A% Elﬂ% QaFo] 24| ¢
E] 2 4

) -

= A9 Ho{H(Tilting pad journal bearing, TPJB) 28 29t} Sudheer Kumar Reddy” & 4u]= TPJBo]
of thato] gead wel W = 2g uES BEStel 0 Uil JRHRARTOIRES BT A4S Saele] AL
* Suldfstn 7| AA| A8E8H(School of Mechanical Engineering, Kookmin University, Seoul, Korea)

o EAZEA 72 RN 18 (Doosan Heavy industries &Construction GT SI Team, Changwon, Korea)
TAIAAL E-mail : thk@kookmin, ac, kr

—+

The KSFM Journal of Fluid Machinery: Vol. 20, No. 2, April,
SIERADIHER] =28 20, M2E, pp.63~68, 2017(

2017, pp.63~68(Received 10 Jun 2015; revised 13 Oct. 2016; accepted for publication 06 Jan. 2017)
%@#% } 2015.06.10, =24F L 2016.10.13, A2 2 X1 2017.01.06) 63

FI-F



HENS -

di&stolon, fro] By wgo] 24 fubeAet 74 4
TaA 42 07}— e B9t Childs9} Harris®
TPJBO] & AAY 92 3 Hrdstz] sl A
&gzt gjio] YR AAEe] PAH St A2F ndY
AR 2o e dhAledase S8 AXlst

Il‘)i

fom, uie] S S ARSI S AxE K
A2 o] gsto] 4% TPIBY| A YW AalAle= e &
stof S7g%h Aol vjwal & dAjsialou, Ad HAEo
A - 2 Jolg ®olrh, Ha'? 52 47 haEvle A
W Hlolg o2 AREE= TPIBO] thsto] oot B 1] §12]
Shof] w2 7 B AaAle Hake 7AEEl IS Ase
sstetet s Ak el SIFU, AR, o )
7] 5o FAHAL) NRNEY} AFAo] BT AT
= e Hdﬁ} San Andres”= ¥ 34 SAHGS o
%6%34 TPJB4 AgAleeH e st SA Auks
AuEd®o A% Autel ulwsto] Hl H 97) o1&
o}, Ch019} Kim"”& Kirk®} Reddy,” 18]3 Nicholas9}
Wygant 7]— Hertzian contact stress 0]%( )% 2 -g-3to 7Y
et v g BeS ZE5t] TPIBY RAlaEsAe
FalAct A we] AL FAF )4 1 312 2 A0 uf
o e, S22l 2 Glef et A AL 3
71ska Wlolee] ZpAak ZHal AR A Fase By

Sosle] Be eakEe] ThBS] Bote A olE e
Slate] 47 AT et YA, ok B4 m
o RO R 8] AVANE Ho] o2k ol
&o| glt}. ofof B Aol FuEHTe B 24 u)i
< %= TPIBO| tisto] A stal A2 et

Fig, 12 ZaERAVoN A mite] ¥y uzdt
TPJBO] el HolEt} X, Y= 22 3o A 4
L A oI, w32 8] Sl w7t vl A
o2 Wate w4 2xgor mdysn] Y wgo Wy
L 2R FAE A (D Aok H=9 g9Y Ao =
I =0 HEo] wlAskA WMakstATE 21 g gFo] v 1|
njsko] FAJghch

h=(R ~R,)~ecos(8, ~0)+{¢ ~(R ~R,)}cos(6, -0)

—S(Rp +tp) sin(0, —6) (1)

o714 &, &, Rp, Rb, RJ, tp, e, h, Oc, Op, 0= 2z} 9
t gy Zx ui giAgulsk WY, s ZE ot

ful

9h1.
=
2

64

Z[ef ¢

bearing h ~<

9w, A e,
7, Ad ZAZ A -;Srﬁﬁl 7)1
T, aga —?:%]“:7}]] A 2]

2.2 A1 W

TPJBO
4 A9 o
potopou Q =
&=, 22al SHAEREOY X, 2=
o HxAE dehdc,

ofphop), 2ofphdp
ox\ 12u ox 0z\12u oz

K
[

s

1

oL Mr
Ml

o

&

filo

4o

o

s

olrt

rfo

o

ul

10

I

o,

i

j_

O oxl

>,

>,

S

o i
_)‘J_l‘

S
£
(e
N
ol
o
=)
A
.
i

—~
DO
=

o
1%
rlo

o,
1%

ol 9

-
.

Y

g
=
off rE N ol & rE

o
T

o2y
ob
2
o
=
i)
I
1o
o2
&2 @ L
4 oo & 2 Jo 1o

nr
4o il

)

ﬁ.

H1

It

& orr
i_z

o o |
Jioﬂﬁ

é

2

L)

]

_(

N

4

o

o

3 .

g

oft E Mo
rE 1o e

ot F{N i

filo
o

o >

£ A7) Y3 Newton—Raphson
gkal, o] Fof = IHAE(H, i
(602 AAIsIATE. wWolg ] A w7k
A By Aol Ad FAolA 3

|2 8] mE 47

+
N

rE
ol
o

S-‘i

[e)
T o BE

o5
Ol
=

=)
N o
El
s
T cl:)
[®)

okm
O>’

e
(o]
We,
Ip
H
1o
d
8
WE,
4
)

4z jo rfr o>

ey
2

ol >
ox
>{,EI r—E‘
— 14
2 o
ox il

N
o
>

I3 )

2o

50

o
il
H
]
[
e
rlo
e
oL

oy
2
4> 2

) theh

S=RFAHDIAEE =28

X202, M2=, 2017



= 270 IRE #d= 28 WE N2 HoZ2 g5 oE A 7I&E ZAuetel Hlw

Ball and
socket pivot

Lubricant

Journal
X

Fig. 2 Schematic view of ball-socket pivot
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stiffness vs. static load for increasing ball diameters ™

Fig. 4= FuidWonng <8} Fig. 4(a):
2} 27419 A7 zolof w2 440 A AT, YutH]
o7 AR Aol7} FIVEE it A
Zagiet, w3, gjito] ZAo| A
Holzt), Fig. 4(b): a1l i w3 44 A4 Az
slo] F7FaE 7Ho] v

Table 1% 14& 913 AH&st TPIBY] AAY F5x
AEE ZIEHA VoA Qgste] HolZe) H=of g 4
ANoln] 283158 =9} B = Ato](LBPE)E 7}s) I,

3.2 Hlw A}

Fig. 5% 4] (3) Y Table 19] B3} A&7 2|59} AU H
£ &&5to] st AE wlojd w574 (orignal model)
3} Childs9} Harris® 9] A% ZAAE o] gslo] RYd 4
A 1% 74 (present model) S Hojzth Ao m]it 7HA
meo mRo] ZAFE AIST 4140 steel BHIAL9] 30%
U= Agstol Asksa AAT FrolA o5t A Ak
o] ZAzkat GABlEE HAS Aolc} wRERA B Mgkt
745k Aol= & it Hjold sHe-A Afolo] AHelE
AIST 12114 A& 9] H(shim)ol o5t w3 74 4 aap=
AtEET AR wojEe Table 304 HojFio] S3(X),



Table. 1 Test TPJB design parameters(s)

Pivot  Type Ball and Socket
Number of pads 4
Configuration LBP
Pad arc angle (deg) 73
Pivot offset 0.65
Rotor diameter (mm) 101.59+0.01
Pad axial length (mm) 101.60+0.03
Manufacturer-reported radial bearing -
clearance (G,) (um) %5
Elae(ii;alllrl;gal(’;r;gl) clearance about X axis (G,) 99,6£0.2
Elae(iflllrl;ga&r;gl) clearance about Y axis (Gp) 516445
Mean loaded pad preload 0.37
Mean unloaded pad preload 0.58
Ball radius of curvature (design) (cm) 3.175+0.0008
Ball material AISI 4140 steel
Socket radius of curvature (design) (cm) 3.175+0.013
Socket material Bronze
Lubricant type ISO VG 32

Assumption (Childs and
Harris, 2009)

Present model (with shim support)

Original model
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Load (N)

Fig. 5 Pivot vertical stiffness vs. static load
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Fig. 6 Journal center trajectory for increasing unit load to 1896 kPa

at rotor speed of 6000 rpm
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Fig. 8 Bearing stiffness vs. rotor speed for unit loads of 0 kPa,
689 kPa, and 1379 kPa. LBP configuration. Comparison to data
from Ref.®
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Fig. 9 Bearing damping vs. rotor speed for unit loads of 0 kPa,
689 kPa, and 1379 kPa. LBP configuration. Comparison to data
from Ref®
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