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Mixed Lubrication Characteristics of Dynamically Loaded Hydrostatic
Spherical Bearings
(Numerical Simulation at Operating Conditions of Piston Pumps/Motors)

Toshiharu KAZAMA*?

*2 Department of Mechanical Systems Engineering, Muroran Institute of Technology,
27-1 Mizumoto-cho, Muroran-shi, Hokkaido, 050-8585 Japan

Mixed and fluid film lubrication characteristics of hydrostatic spherical bearings for hydraulic
piston pumps and motors are studied theoretically under unsteady state conditions. The basic
equations considering interference and contact of surface roughness are developed using the mixed
lubrication model based on the GW and PC models. The effects of the operating conditions and the
bearing dimension on the motion of the sphere, asperity-contact/fluid pressure distributions, leakage
flow rate, power loss and the stiffness are examined. A seat geometry which reduces the asperity-
contact pressure is presented. A simplified model applicable to the limited conditions in the fluid film
lubrication is also derived. ) '
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Fig.1 Schematic and coordinates of hydrostatic spheri-
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Fig.2 Changes in supply pressure ps and load W

— 261 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2202 EEHEOIEA T 2 ERTEZ ORSGHERNE

THS (ES, EELLSOTHBIET +, AT —).

TSV REBCEISEB I VY T, Ty 13,

Then
To= [ sin o{em| (£ )dA+a, |
R )
T=0 5 ["S00y 4 (1-2% )4, ]a0

zZuz, A EEEMER = AR A0 R O
ER CCREBEOWE RS, T HAKMISH =
t/(ps0S0), br, brs - FLS DB, T ad | B,
EIIREE ST L 1, WNTE Qou[=Q(8:)] & FE
BNy T(=Tat+ Ty) BT L BKRENT Lon, Lin
Of%E 1 FATHEYLIETERT S, T4bb

_ 1 2r —_ — _ _
Lm=ﬁj0’ (5sQowe+ T)dr=Lon+ Lrn

Rz z@AmotEESHER[g=
a0 i
(_‘Q)Zmdzf

1) dr

7B, EETEEERE» D EMIERE B OB E I
i, R(5), (7), Q) DEFEERD 5 2 & M ATHE
Lz b (g1 28).

32 HEFEEHMENTA—YF H(3)IER
20u%, R(6), 12NV F 7y yikeBERL
T, WEDO TN & BROEE & BE R, 1S
2 10~10% 2 S5 E L, r1=0,27 12 B 5 ¢, deldr,
Pr OFREEED 107 KIFIZHR 2 ¥ TR LFTEZ21T
3, 20, X5, rDAABEERFICLT, BO
IR 2 FESR 3 2. WIE I 3 EEME (S ERD % v
5, REFEASXA—FOHKEH L LT, C/R=
107%, m=10"*, R,=0.8, Ry=10 mm, So=10, V,=
0.3, 3=0.113(y=0.317), dr=0rad, 6'=0, 8,/0.=
53.1°/84.2°(44.4°/82.1°), 6/C=0.1, ¢’=0rad, Q/w=
0.1 ER2BET A, X8, 8B LUKEEOK
X, BHE - AV 74 ARD L L b, BF - FEHE
T 2 ARERREAX - BIMEREAK - BRENR/NNG
HE I BETEY 15,

4. FERBREIUEBER

=W+ W,+ Wf—(%)zg—m «+(12)

4-1 BB X3, BLEe Krv b
FES 5r/Bso, MUTHE Qoue, BEEMB LU F v E
F—v 3 Y REDORBET OEME Acne/Ao, Acav/As DE
BETT. SER L EER & OVIREs (r=7/2, 37/2)

W eNKELEFT 70, ZDLED Qoue BK X
L, BOTHFrETFT—va v E2EL 5 (Aw/A>0).
BFEE] (n/2<t<37/2) TIX, e X K& <L, FAEER
HEThs, LoL, BEMAYHES 2% (c>37/2), e
BEAL, T¥E2oR/MERETHS LtRBELZD,
EE B E 4 U T (An/A>0), BESHEERE L &
3, ZOBEZRBET TR, ThoD/RT X —F DES)
X, BHERY OBERELT, £V 7 4 AKH DB
BDIESBKE WD, ,

B4, 5%, #OYH#u% (r>3x/2) B BB X
VT BT [ENIDHE DalDso, DslPso 2T (AT,

x107
4
1 3
Uef
12
| N T, o
g : Capi
d pillary
05p - -V \ ------ Orifice
)
_ - 13
cav/Ao 410.5
g:, 5 \ 0

Y n 1 rad 2n
Fig.3 Variation of eccentric ratio &, recess pressure
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Fig.4 Asperity-contact pressure Pa/Pso distributions
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Fig.5 Fluid pressure 5,/Pso distributions (£2/w=0.05)

— 262 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

EHHEOERT % BEREHZ OB S EEEYE 12203
3 —-— 01 I ow
T S Ny s 03 {™
05 NN — 95 7 1o
b Pamax NI\ ]
o ~I ~~~~~~
0.02 0.05 0.1 02 ,, 05 0 i : | o
T ra

Fig.6 Effects of reference angular velocity 2/w and

normalized recess volume V; on maximum
asperity-contact pressure Pamax and fluctuation
of eccentric ratio ¢
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Fig.8 Effect of clearance geometry on normalized
maximum asperity-contact pressure Pamax’ and
mean leakage flow rate Qou »° (2/w=0.05)
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stiffness Az in fluid film lubrication [So(C/R.)*=
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