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Numerical Analysis of Motion of A Slipper in Swash Plate Type Axial Piston Pumps and Motors
(Tribological Characteristics of An Over-Clamped Slipper)
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Toshiharu KAZAMA, Muroran Institute of Technology, 27-1, Mizumoto-cho, Muroran, Hokkaido, 050-8585

Abstract: This report presents a time-dependent mathematical model and numerical analysis of a hybrid
(hydrostatic/hydrodynamic) thrust pad bearing as an over-clamped slipper with a restrictor of the low fluid film stiffness used in
swash-plate type axial piston pumps and motors. The bearing’s motion is simulated three-dimensionally, including roughness
interaction, asperity contact and the time-lag between the changes in supply pressures and loads. Solutions are obtained regarding
the friction, flow rate and contact pressure under mixed and fluid film lubrication conditions. Calculations indicate that the
over-clamped slipper runs in fluid film lubrication in the low pressure period, but in mixed lubrication in the high pressure period.
The time-lag affects markedly the motion and tribological characteristics of the slipper especially at the transition of the high and

low pressure periods.
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Fig. 1 Schematic coordinates of hybrid thrust pad bearings
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Fig. 2 Changes in supply pressure py/py and load W/W;, with
time-lag At

— 467 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

By oML @ET HERE, BHERY ORE, pERK
DOBRERT T A—FELT,

O, =n(H/R)p,-p,)/B 7

IV RO Ly 28T & E2EN5HET (0(1)=0,,),

L
- o
om=2Lrp| do
R2 +£ﬁﬁm4@nE¢J (®)
@ H"
A Y 3D z EhHTEOWHEER R S ONT x, y BHE Y O EldR
E#O AT, ®RATELLhD.
_dMhy o
m——=W,+W, +W -gm
dr ©)
~ D, ~ pdd, _—
Ide:*—lzﬂ ‘e M, -M,-M,
dr Q dr (10)
~d25v ~ »dd. — — —
I, —+l, ——2=M_+M_+M,
Ydet TR dr @ E T (11)

E BT, EREEE 5 DN AREEC

T, ,JI {51 { ; d/—IL +d2pj+(l_f)fm/d2r:| (12)

T, ZGTL ) e o, (4740
——_p,
2 \:¢f—[1—2—o_—‘2~]¢ﬁ:]—3¢jph1?r%@* (13)

ZZE, VL, 2R, Le 9BIE 1, 2 00HmmER
TTHSD.
EBNEHEZRTIBRT T A—F L LT, EF, #xtFro
MRFEFHREAT A Nl OR KB EANBERIZHT DR E
Db R ST R P 2RATE. TOERICES
b, L<l TATINRT LR, Ll THUNRS L ADRE %
BWT A Lizhks.

=2y ogalali- ) k] 04

4 HEBRBIUER

RBOREE T A —HE, =07, H=0=1 um, /=5 mm, -
m=0.1kg, n=5s"', p=10 MPa, R=30 mm, R,=10 mm, »=0.3 mm,

=0.1, ¥,=77.0 mm’, u—28 mPas, o,/o=1, ¢,=n/2 rad,
leowzoakf%é AEWBIZEAT 585 A — 2%
E'=200 GPa, H,=230 MPa, B'fso um, nBo*=0.05, 7,=15 MPa,
=104 MPa 72 & &9 5. RRMRERITEI, 1 =1.87x10°°,
1. =9.35x107"%, m =1.87x10°, §,=52.8, V—406x10 LB,
BB, FENT R Co—l.l (Ao R"T U R) TS,
Figs. 3~51%, NN, RV v SOHLTEE hp, BEW
BT EE hyin o, LW ) BIEICBT 2R ANEHEME S
Do B L O EEEAEEE A, 40, BRREQ,, BEO
FyYUET—a VRBERREFE Adw 4o BT AU w0
FEOEIHMEIIEE T A —FIURTFET DN, A7 TR

EISEBE MY,

DFER D LRRIS, T5F hoy g s (LEERITAEL,
BEERTRKELS 25, BEAZNDHEHE (A=+0.1 rad), hy,
DOEEIEHEI /e 5. MEOBLHHIEEH O LTS
BEE (A<0) 121E, EEM>SEEROT Y X8 (=n/2
rad) 122V v RRKREL Py TS oy, B
HERRE ST D, e CIRIVIERQ,, (3K L, Lw ) BifEic® v
E?~Vayﬁ%§TéL%Mpw.‘ﬁ,ﬁ%@%kﬁ
BIET 2545 (At0) (i, ﬁr@#%HFM®@Dﬁiﬁ
(1=3n/2 rad) 2V ¥ 7T 5 LR, BIUREQ,, 2
KU, EEEMEEE do/d, DEMNT 5. 750, mfw
PHRERMOT Y B EHIZIEY v TR IME S, REM O
FTEE hosy Hmins (TP SWVETHBTS.

Figs. 6,7 1%, 7L — NOEERERE n OFEBERT. #HE
DREVFDR, FLTEE by LTy FEA T TR

“ 60

S ! At rad
2 s 0.1
€ i — 0

< {

40t I\ —-—- =01

0 n 27

T [rad]
Fig. 3 Changes in center clearance Ao, and minimum clearance
hmins (n=5 S_l )
T 0.2 o
Acnt/Ag g;
~ E‘:\\ 10.1 (0
-0
At rad 1
------ 01
—_— 0 A
—-—--01
T 21

T [rad]
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Fig. 7 Effect of rotational speed n on asperity-contact pressure

D.oa @nd leakage flow rate Q,,, (At=0 rad)
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