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AbstractECThis paper has analysed the characteristics of the thrust floating ring in hybrid sliding cylindric bearing by

finite element method. It also has presented balance conditions of the thrust floating ring and design criteria. The stat-

ic and dynamic properties and stability parameters of the bearing have been obtaind on the basis of solution to the dis-

tribution of pressure fields of the inner and outer films and the dynamic Reynolds equations.
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Introduction

It is the key problem not to be ignored that the temper-
ature rises higher as a result of power loss by friction in
hybrid sliding bearings of high speed and high precision
rotary system. EspeciallyE-when the axial load is heavy
with high rotary speedE-the functions of hybrid bearing
will drop down obviously due to the rapid rise of cen-
trifugal force and power loss in the combined structure
of ordinary radial bearing and thrust bearing.

To control the temperature rise under high speed condi-
tionE-we designed the radial floating ring and the thrust
floating ring as an integral body. In this paperf-the
characteristics of the thrust floating ring in hybrid bear-
ing have been analyzed by finite element method. The
balance conditions of the thrust floating ring and the
design criteria are also presented. The stability param-
eters of the bearing have been obtaind on the basis of
solutions to the distribution of the pressure fields of in-
ner and outer films and the dynamic Reynolds equa-
tions. The bearingjs advantages of low power lossE-dow
temperature rise and the use value that it possess have
been proved by theoretical computation and experimen-

tal data.

1 The Bearing Structure and Principlé”' 2"

This kind of bearing has a floating ring between bearing
metal and shaft. The ring is designed to be integral
body with radial and thrust rings as Fig.1. The inner
oil film takes shape between the inner surface of ring
and the shaftE-the outer oil film takes shape between
the outer surface of ring and the bearing metal. The
ring is rotated by shearing stress in inner film when the
shaft revolves with angular velocity 2. EvidentlyE-the
angular velocity (2, of the ring is the result of common
acting on the ring by inner and outer films. The ratioE-
Q = Q,/0,£4s the volume determined by the floating
forces and moment of turning friction force loaded on
the 1ing in films. The bearing with floating ring can
work stably under certain ratio of ring turn velocity only
when the forces suffered by ring are situated in bal-
ance. The presence of the relative velociE 2, — 2,£0
must reduce the power loss due to friction and increase
the stability in high speed bearing. Because of the un-
compressibility and the vibration absorbability of oil
filmsE-the outer film let the whole body of the bearing
be in elastic condition at the same time. AlsoE-through
the proper control of film thicknessE-the turnning preci-

sion that we need can be obtained. The thrust pockets
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are on the two sides of the thrust ring as Fig.2. The BNUM, = £ Q- 0,£07 c
eight — pocket form is adopted for inner and outer l PCt
films. The clearance between shaft and pockets on the 10, L3
BNUM, = —"£~
inner surface of the ring has the function of second PG5
throttle as an inside flat capillary and avoids the block- boundary conditionsE®
ing up in throttles effectively. [PL- =1.0 £ € I'E&E»
Eoih S P, = 0.0 £ € I',ECE
#E inner filmE? = 1£outer filmE? =2 .
- EH Energy equation£®
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Fig.1 The bearing structure p
TNUM,; = BNUM,; - .
JoC,

Fig.2 The thrust ring

2 Theoretical Computation and Analyses

2.1 The mathematics modei”**"

In operating processE-the movement of oil particles con-
sumes energy constantly owing to its viscosity. The
temperature field that is unevenly distributed is caused
by oil films. The oil viscosity will decrease along with
the temperature ascensionf-so the uneven temperature
field must cause the uneven viscosity field.

We suppose that the all quantity of heat is transferred
to outside by oil flowage. The dimensionless forms of
Reynolds equation and Energy equation for inner and
outer films of the thrust ring are as followsE®

Reynolds equationE®

A, PN 19, 9P
HAL(ALH’E) l‘)+A[|a96i(Hi aﬁl =

A

6B M(&)wm £ £71£0
NUM, 7 00,-’“ -
P = P/P£"

Here P, is pump pressure.

boundary conditionsE°T; = 1.0 £7i € I"\£4,£0,
Dimensionless film thicknessE®
1.0 + Hs;£-Hs;E8epth of deep pockets £»
H; = \ 1.0 + Hq;E-Hq;£Qepth offghallow pocketsE»
1.0 .

Dimensionless viscosity — temperature equationfE®

M, = «a iﬁefﬁff"ﬂ? = p/ ok
Here 1y is the viscosity at T .

£73£0

Suppose the viscosity changes only with temperature
and is not in close relationship with oil pressure. The
definitions of other parameters that are not defined are

as the same as normal standards.

2.2 The finite element analyses of basic equa-
tion§5Y

The two — dimensionalE-eight — node and equal param-
eter units are adopted for the mesh divisions. And the
form functions N; have been selected as weighting func-
tions. The Reynolds equation and the Energy equation
can be separated into relevant differential equations by
using the T'alep Kun weight remainder method. The
pressure fieldE-the temperature field and the static —
dynamic characteristics of the bearing can be obtained
by deducing the equations.

2.2.1
With two — dimensionalE-eight — node and equal pa-

The selection of form function

rameter unitsE—the form function N; can be as followsE®

Ny = %"l - E£01 - pEO- & — 5 - 1£8»
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N, = %"1 _ ED1 + yEO- € 4+ 5 - 166>
N, = %"1 + CEO1 4 9O 4 p - 1£CE»
N, = %"1 + EO1 _ yEOE - p - 16GE»

Ny = 71 - 701 - 66>

N, - %..1 B

N¢ = ‘215,"1 — 7’£01 + EECE»

201 - 17£@£»

Ny = %"1 - ££01 - p£O,

2.2.2 The finite element equations of Reynolds
inner filmE£®

£0 K, B0P £y= £0F £yE» £74£0
IN; N, H; IN, IN;
_ 3 A S0 B A |
Ky —”OR(AlHl oA, 9, T2, 90, 20, dQ £»
Ry \? 9N,
Flij :JJ0R6iDA1iDH1iUBNUM1(LZII) agld() £
if7 = 0E+E4-£7 £
outer filmE®
£0 K,80P £y = £0F,EyE» £75£0
r IN, IN, H3IN, IN.
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Kyj —JJQR(Asz 72 7 + 2, 90, aﬁz)d() £»

R,\2aN.
Fay =”QR6i°/12i°Hzi°BNUMz(L2;) aggd(z £

i£p = 0EHE4-£7 .
2.2.3 The finite element equations of Energy

With the same separation methodE-we can get the linear

algebraic equations of Energy£®

£0 KT £y= £0FEYE-

_ H* Q)BN[-
Ky ‘”Q[Nf(l ~ 6BNUM 20) 90 ~

VI (1) ap N
6BNUM\ L dA dA

£76£0

] dQ £»

F —JJ [N-nTNUMi NH*TNUM (@)2
i= ) g 2 * Nuwe Llag) *

(%)2(%)2] }d() £~ iEp = OEHEF-EF .
In the deduing of equations with finite element methodE-
the initial temperature field is granted at firstE-and then
the pressure field is deduced from Reynolds equationsE-
later on to deduce the temperature field with Energy e-
quations based on every node pressure. In the endE-the

viscosity of all nodes is obtained using the T ~ & equa-

tion. The pressure field will be computed again with
the new viscosity. It is a alternative process repeatedly
until getting the balance of the forces in inner and outer
films. The relative convergence criteria of the alterna-

tive process is showed as followsE®

D E£k+1£0 £ LE£O
| Pig - Pig; 1 .
- E"k+1£©£7| < 1073~ £77£0
| Pig; |

The relative convergence precision of T field is con-

trolled up to 4%o.
2.3 The analyses for results of computatior‘tl%’EY

Because of the turning conditions that are the high
speed and high axial loadE-the design for the thrust part
of the bearing with whole body ring is the crux evident-
ly. The balance of the forces which acts on the ring
through inner and outer films must be solved at first.
For this reasonf-the static pressure balance will be got-
ten by regulations of pocket depthesE-oil seal widthes
and bearing clearance. ThereforeE-we can gain the ini-
tial design parameters that will be adjusted in dynamic
pressure computation later on and sent back to static
pressure computation again until satisfaction. The ini-
tial design parameters are as followingE®

pump pressure P, =0.98 MPa£»

viscosity pr=4.475 x 107° P& £»

shaftis revol. n =38000 r/minf»

ringj's rate 2 =0.3 £»

number of pocketsESE»

thickness of films£8.04 mm £»

depth of deep pocket£8.08 mmE»

depth of shallow pocket£8.02 mm.
2.3.1

The pressure fields of single pocket in inner and outer

The pressure field

films have been obtained under variant shaftjs revolu-
tions and eccentric rates using the computation program
and CG as Fig.3E-¥ig.4.

Based on table 1£-the static effect is the main loading
capacity when the speed becomes lower. With the
speed risingE~ the pressure crest value increases
sharplyE-which is the dynamic effect. It proved that the
bearing has the better properties under lower and higher
shaftis revolutions.

2.3.2 The power loss by friction

The eccentric rate will become larger with the load in-

creasing. The relationship of power loss and eccentric
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Fig.3 The pressure field of inner filmE-
£ =0.7£-0Q = 38000

rate is showed by Fig.5£-Fig.6. The change regulari-
ties of curves are the same as load capacityjs. The

power loss by friction is derived from the resistance of

Fig.4 The pressure field of outer filmE-
& =0.7£-0Q = 38000
shear flow and pressure flow. And the former is direct
ratio to the speed. Therefore the power loss increases

with shaftjs revolution.

Table 1 The static properties in start process
shaftis revol.£ r/minf0  film clearance/mm  load capacity/N  power loss/kW  flow L/minfO  ringjs rate
inner 0.03730 2413 0.935 3.255
2 outer 0.04270 2407 0.196 0.476 0.320
inner 0.03740 2471 1.295 5.013
25000 0.330
outer 0.04260 2508 0.337 0.539
inner 0.03750 2495 1.877 3.937
30000 0.315
outer 0.04250 2536 0.435 0.648
inner 0.0400 2743 2.852 3.638
38000 0.30
outer 0.0400 2782 0.655 0.776
30400 12.00 -
lﬂ.ﬂﬂ-
20.00 .00
= .
z = 600
10.00 400 |
1,400 1
EPS
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Fig.5 The power loss by friction of inner film
3 The Research of Experiment

Through the measurement for the static and dynamic
characteristics of the hybrid bearing with ring and the

comparison with the pure dynamic bearingEas shown in

{,1] v
©.00 0.20 0.40 0.60 0.80 LO0

Fig.6 The power loss by friction of outer film
table 2Ewe know that the axial load capacity is 2782 N
which meets the needf»the power loss is redued by
39.5%&Exhe turning rate of stability loss is 125685 r/
min which is much higher than shaftj s and all the
above properties prove the shaft runs stably.

Table 2 The comparison of characteristics

bearing load capacity/N power loss/kW 0 rate of stability lossE 'r/minf®
hybrid bearir§ "thrust partE€-inner 2743 2.852 0.300 125685
hybrid bearing"thrust partE€outer 2782 0.655 0.300 125685
dynamic bearing 1000 4.716 - 3252789
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4  Conclusions

£71£CThe hybrid bearing with integral ring has the
advantages of simple structureE-low power lossE-easy
temperature control compared with ordinary bearings.

£72£0Through the computations of pressure fieldE-
power lossE-static — dynamic properties and the critial
turning rateE-it is proved that this kind bearing has
more stable capacity under high speed.

£73£CThe feasibility and the use value of the bal-
ance condition and the design criteria for the ring bear-
ing are proved by the compute results and the experi-

mental data.
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