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ABSTRACT

This paper deals with the design, manufacturing and test evaluation of a hydrostatic bearing applied to a hydraulic model
turbine. The design parameters of a hydrostatic bearing, considering machining and assembly tolerances, and recommended
values of design parameters are presented. Also the simple design procedure of a hydrostatic bearing by utilizing the reference
results is proposed. In order to illustrate the utility and validity of the proposed design procedure, two hydrostatic bearings are
manufactured and test evaluation of these bearings are performed. In results, the proposed design procedure can be utilized as
an effective tool at the initial design screen of a hydrostatic bearing. However, the 2D bearing governing equation should be

solved to obtain the optimal design of a hydrostatic bearing.
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(a) without axial groove (b) with axial groove
Fig. 2 Recessed radial bearings
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Fig. 3 Design parameters of radial hydrostatic bearing
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Table 1 Recommended values of a radial recessed hydrostatic bearing

Design Recommend
parameters values
L/D 0.75~15
n=4 a/L 0.25
0 30°
L/D 05~0.75
n=6 a/L 0.25
0 20°
hO(L) 2+1T6 or
Lower limit 0.001%(D/2)
hy (mm)
hO(U) 3+IT6 or
Upper limit 0.0015+(D/2)
hr (mm) 20%ho
B 05~06
1 (cP) at 28C 35
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Fig. 7 International tolerance grades and tolerances
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Table 2 Given values of bearing design

Design Parameters Given Values Remark
n 4 LOR"
W [N] 3200 N Maximum load
w 0.25 -
Ps [Pa] 2E+06 20 bar
B 05 -
L/D 1 -
a/L 0.25 -
© [deg] 30° -
i [N-s/m’] 0.0274 274 cP at 40T
p [ke/m’] 857 -
Cd 0.65 -
Flow restrictor : Orifice type

"LOR : Load On Recess
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Table 3 Calculated values of bearing design

Pa?:;ig‘;rs Ca\illllllized Remark
D [ml @g$;> DZJ??E%fEﬁ
L [m] 50 /b1
a [l o 14025
L) [m] (O%ﬁﬁfm 240000022 (IT6)
ho(U) [m] (O%ggﬁin) 340000022 (IT6)
o [m] B (ho(L)+ho(U)/2
H, [W] 19.1 PFQ,
@ 0| (T8 i Q/n
om | g R
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a7EE W A (63 2t
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Table 4 Specification of oil supply equipment
Spec. Values
#H1 E&9F (MPa) 3
A% (MPa) 2
% (//min) 100
25 ISO 32
B8 () 300
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Fig. 10 Recessed radial bearing for test
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Table 5 Radial bearing design for journal size $=150mm

Design Parameters Given Values Remark
n 4 LOR
D 150 mm
L pr— L/D=05
a 1875 mm L+0.25
S 30° -
ho 0.06 mm -
hy 1.2 mm -
do 0.58 mm
di > 58 mm Orifice type
lo > 2.9 mm
P, 2 MN/mt® Supply Pres.
274 cP Viscosity
857 kg/m’ Density
Ca 0.65 Discharge Coef.

Agrstgic, BAE ] ol 5150 At vl §l5tol

2.44 Oﬂ AAIg

A wols ZuRgAlQl Hlols
2% Z AIE Fig. 139 AAFct 7}J4M;q]91r m?‘;jq o
22191 Sl A3le] AMulz|o] AR

PN AT AT
150 mm¢l HELalF
Sk, WAL AR
gon, HEZ 559

Al 2sglof 23k ARE V)& skat

Z(Reynolds) A4

A3,

Z_]-\ /qu] 7:]49_]_ /Kl?;]?’ﬂ‘q. o] q_/\ _‘173—61—2

2D o

4 gl
ol =g

et Hepol S sl

S=RAMD A =28 M19&, M5, 2016




RASX SAEE MY 4

Q) =
’ T

HiMid . y

T A
z
-E GO ——Simple methosd
= RIL ] -5 ExparimentBrg. #1)
£ ao00 —i— Experiment{Brg. #2)
"
E 3000 —#- 10 Saluticn

20

104101

1]

o &kl 0 03 04 OS5 6 07 08 05 1
Eccentricity ratio (g)

Fig. 16 Comparison of results for eccentricity vs bearing load

(e
A

-

-
t
*
¥
*

£

—+Simple method

Flew rate {liter/min)

= Experiment{Brg. 0]
-4 ExperimentiBrg. #2)

=
Y

-#- 20 Solution

o

0 ol 02 03 04 05 G 0T DB 08 0

Eccentricity ratio (g}

Fig. 17 Comparison of results for eccentricity vs flow rate

A % uhishl,
& 262 Ashiolds

HSZ

|

Eote] fra FHa “1]01‘1‘ L—.%
Szom suslgint RS

Zof| st 75‘4—}~— Fig. 163} F1g
o = 9319l
A= 2 G| SHANE, {E’Sﬁ] A o QX}

04%%11*% Eﬂom A el oigk 7HAAdA A
A5 AASFRAL, AARe] ek 2GS B
A= @ Als}jﬂ»_ 235ttt RUlxe AUwo]g-L
49| 347t 00]7] wfiol T FUZ SAloll 2H8
&} o] B = (hybrid) FoHolg Rt AL A o

s=RMP AR =28 197, M5=, 2016

AsiM o HE() —2lolCiE HofE -

K

f
e
B

HEls mdgpeate] A8d A9 7haEak, 2
2feh dAHS Aol vl Fasict AR
o] fa4S5 US3H] fIste] L/D=1, 080

L/D=0.5, ¢150 mm¢l 7Z--of chsfiA 22+
et FopAaHS =askgiet, L/D=1% wi= 7HHdA 4
el AgA 2 oozt iy At 2 dAjstgon
L/D=0.5% u HyA7e} 224 iy Azprte] & dAJst
o, ZHEAA Avels thd A7) 9SS & 4 ik u
2hA], AAEE ZBAE A B HA A= obdAIRE A
ol o] 2=AA TAolA {88 283 4= k. v
ol o] HALAS laliAle 224 HlolR A

4z
;

o
R

| =2

w ol ®
5 of
N

\:g-

e
o 2
i

kS

o

[e]
T

=

m

mé

2Rl #lolz=(Reynolds) 4] & wAA R g
T A0 vtgsle AS HAd,
=z 7

B AT ARIBAR AR s S 45E 3
A WhEe B ek A Anee wele, dT
u) A ge] A=

References

(1) IEC 60193, 1999, Hydraulic Turbines, Storage Pumps
and Pump Turbines-Model Acceptance Tests.

(2) Ghosh, M. K. and Majumdar, B. C., 1980, “Design of
Multirecess Hydrostatic Oil Journal Bearings,” Tribology
International, Vol. 13, No. 2, pp. 73~78.

(3) EI-Sherbiny, M., Salem, F., and EI-Hefnawy, N., 1984,
“Optimum Design of Hydrostatic Journal Bearings Part I
© Maximum Load Capacity,”
Vol. 17, No. 3, pp. 155~161.

(4) Rowe, W. B., Cheng, K, and Ives, D. 1992, “An
Intelligent Design System for Recessed Hydrostatic
Journal Bearings,” Wear, Vol. 159, No. 1, pp. 95~105.

(5) Dwivedi, V. K., Chand, S., and Pandey, K. N., 2013,
“Effect of Number and Size of Recess on the

(Hydrostatic/Hydrodynamic)

Procedia Engineering, Vol. 51, pp. 810

Tribology International,

Performance of Hybrid
Journal Bearing,”
~817.

(6) Rowe, W. B., 2012, “Hydrostatic, Aerostatic and Hybrid
Bearing Design,” Elsevier.

(7) Ghosh, M. K., Majumdar, B. C., and Sarangi, M., 2014,
“Fundamental of Fluid Film Lubrication,” McGraw-Hill
Education.



