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CHARAGTERISTICS OF THE PLAIN BEARING IN SCROLL COMPRESSORS

Xiong Ze Nan  Qian Zhong Liang Hu Zhi Ping
Xi'an Jiaotong University, China Ningjiang Machine Tool Works

ABSTRACT

The performance of seroll compressor depend a great extent on
the conditions of wear and énergy consumption of the plain bear—
ing. In this paper, the frictional behaviour of the plain bear-—
ing was analyzed, the operating conditions of the plain bear -
ing were discussed. In addition, suthor presented parameter se—
lection and some material of the plain bearing.

INTRODUCTION

Plain bearings are often employed as the main bearing of seroll compressors
and shaft bearing of the orbiting seroll. (Pig. 1) These bearinge support or
transmit loads, slide relative to the main axial or +the crankpin, and operate
over a long period of time under the conditions of great oil-film pressure, high
0il-film temperature and corrosion of the organic acid formed by the high-tempe—
rature oxidation of the lubricating ¢il. The reliability and service 1life as
well as some other important economic and technical indexes of scroll compres-
sors all depend a great extent on the conditions of wear and energy consumption
of the plain bearing. {13

To reduce friction and wear, we have tested on some geometric ang operating
paremeters. As the plain bearing of secroll compresgors is a typical hydrodyna~
mic¢ lubrication system, its working condition is not only related to the pro-
perties of the materal, but aleo depends on the lubrication of the system.
Furthermore, the strueture, machining and assembly precision for bearing, and
the quality of the lubricating oil are all closely connected with lubrication,
and together they affects on the reliability and durability of +the bearing sys-
tem. Therefore, both lubrication and the material should be taken into consi—
deration in order to guarantee the long-term reliable operation of the plain
bearing of secroll COMPTressSors,.

ANALYSIS OF THE FRIGTIONAL BEHAVIOUR OF THE PLAIN BEARING

Most of the scroll compressors that are used today for air-conditioning are
hermetic. The medium Gooling capacity scroll compressor in our test has the
pressure of the plain bearing of about 8 MFPa, linear velocity of +the journal
of 5.4 M/S, surface temperature of the bearing of 110 °g, In such a demanding
condition, the plain bearing may fail due to wear, fatigue, corrosion and fluid
erogion if the operating parameters go beyond certain limits. The moet impor-
tant form of failure is wear, which is closely connected with other forms of
failure, and with the performance and economy of the bearing as well.

A8 we know, wear is caused by friction, and the most effective way of re-

Fig., 1 Bearing and crank of scroll compressor
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ducing frietion wear ia Jubrication. According to the lubricant storage be—
‘Fween the fristion surfaces, friction of the plain bearing can be gategorized
into uuszh four conditions ae dry friction, boundary friction, mixed friction
and fluid friction [2). Fig. 2 ehows the frietional behaviour curve drawn
from the test resulte.

In -Fig. 2, £ is the friction
coeffioient, v is the dynamia vis-— ——
cosity of the lubricating 0il, MPa.s
3 nis the rotating velocity of the £
journal, rad/s; p is the pressure of
the bearing, N/mm2, qn/p is the cha- '
racteristic number of the bearing ,

dimensionlens parameter.

It can be seen from Fig. 2 that Ac nn/p
when fln/p is greater than »c,the
0il film ias thick enough to separate
the two metal surfaces of the jour- Fig. 2 PFrictional behaviour curve of
nal and the bearing completely, and the plain bearing
fristion cocurs inside the fluid.
Although the friction coefficient f 1. Boundary friction area
increases with 7n/p, the valuea of 2, mixed friction area
f are very small (f< 0.005 ~0.01) 3. fluid friction ares .
when f[n/p ig smaller than A it en—
ters the mixed friction area firat, and the 0il film gets thinner so as not to
geparate the two metal surfaced. Friction depends on both the property of the
lubricating oil and the roughness peak of the contact surfaces. Phe friction
coefficient increases apparently (0.005< f <0.1). When N n/p contimmes to
decrease, only & very thin oil film is abmorbed on the metal surfaces,the con—
tact ratio of the roughness peaks of the two surfaces increases rapidly and
the frietion coefficient increases greatly ag well. (0.1<f< 0.3). This time
it enters the voundary friction area. i1f there is no lubricating oil between
the two metal surfaces, 1%t is in the dry friction ares, and under the action”
of the load, pick-up will occur batween the contact pesks of the surface, caus=

ing serious friction and wear.

To guarantee the long=term pteady operation of the meroll compreseoT, the
plain bearing must not work in the dry friotion condition. It has been proved
in practice that even slight omrelessness with the friction condition may Te-
#ult in the pick—up and even wgeizure" between the surfaces of the journal and
the bearing, forcing the compreagor to shut down.

Therefore, fluid lubrication or friction is the aim of the wear-free design
of plain bearings. Efforts should be made to secure a fluid friction condition
for the plain bearing, and thus steady operation state free from surface wear (2]

OPERATING GONDITION AND PARAMETER SELECTION OF THE PLAIN BEARING

The load of the plain pearing in the sc¢roll compressoT remains almoat the
same magnitude, and keeps i4s direction on the centre line between the journal
and the bearing.Frozen machine oil i® used as the lubricantjtherefore, the bear-
ing oan be regarded as @ hydrodynamic lubrieation journal bearing cerrying & static
load. Acted on by 2 loed, one side of the static journal will stick to the sar—
face of the bearing. When the rotating velocity of the journal reaches & cer=-
tain value, the dynamic pressure produced by the wedge effect can bring in en-
ough lubricating oil to part the contact metal surfaces and make the pressure
jnside the oil layer carry the i0ad on the journal. Thia showe that the oil
film has alrady formed, and the bearing can operate in the liquid friction con—=
dition. When the rotating velocity keeps inereasing, the pressure in the oil
leyer increases as well and the centre of the jourmal gets closer to the center

of the hearing.

There must be & 0il film of enough thickness between the two surfat.::es in
arder to geparate the gurfaces of the journal and the bearing. Thg th:.::knesa
of the oil film ig determined by the geometTic parameters, load, v:\.scosﬂy. of
the lubricating 0il and the o0il feeds therefore, the oil film of enough thiok-
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ness oan only be tuilt by comprehsnsive meamuraes.

The operating cendition of the hydrodynamic lubrication journal bearing
ie shown in Mg. 3.

In Pig. 3, R and 7 are the ratioc
of the bearing bore and the Jjournal
respectively, m; P is the load on
the bearing, Nj; wis the rotating
velocity of the journal, rad/s; and F
P is the pressure field of the oil-
film under the dynamio pressure.

When the remultant of forces of f &
the presmure field is in equilibrium

- -Wwith the load,the centre of the jour— L

nal is at thé static equilibrium posi- )
tion 0, a eccentrioity of & froa the °, ‘/
centre of the bearing Op., @ is the

angle between the connecting line 0,0
and the aoting line of the external

loads hpyp is the minimum oil-film &

thickness, m. Ay
Let the bearing radial clearance

C = R=r,m$ 4
the bearing relative clearance

¥= ofry

and the eccentricity ratio be=

tween the journal and the bearing bore Fig. 3 The operating condition of

the plain journal bearing

£= e/,
then the minimum oil-film +thick~
neas hpyp=c—exo(l- £) (1)
=yr(1l= &)

From (1) we know that we oan get hpip if we know .

¥
In liquid friction theory, when the lubricating oil film forms continmmoualy,
we can get the expression of the load-carrying capacity of the plain bearing
by solving the Reynolds equation of the limited length plain bearing,

Fe %-;’ano (2)

where B ig the operating length of the bearing, mj
D is the nominal diameter of the bearing bore, mj

Sy is Sommerfeld Number, a dimensionless operation characteristic
number to express the load=ocarrying capacity, and the other
gymbols have the same meaning and dimension as before.

Sp can be expressed as
Sq = pylpe (3)

where p i the preseure of the bearing, ¥Pa, and the other symbols have
the same meaning and dimension as before.

S is a function of the length-radius ratio B/D and the included angle?
of the bearing » the latter of which is determined by the axial section of
the bearing, and is usually 360° or 180°, The load-ocarrying oil film can only
form in the scope of the included angle. I+t should be emphasized that once the
hydrodynsmic lubrication oil film is formed, the greater 3oy the greater ths
losd-oarrying capacity of the oil film. All the bearings with the same geome—
tric parameters will operate at the same eccentrieity if only the S mumbers
are the msame, regardless of the rotsting velooity of their journals, load ,
¢learance, and the viscenity of the lubricating oil. [31
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Caloulation of S, is very complex. For given values of /3 and B/D, the
oalculation results of Sp and can be made into & ¢hart and table for applica-
tion in design. Given the geometric parameters, and parameters of operating
ocondition such as load and rotating velocity, we can get the eccentiriciiy ratio
of the bearing in steady operation state by these chartm, and then ¢alculate the
minimum oil—film thickness by (1). For the plain bearing we have used in  the
compreeser, /3 =360°, B/De0.7, Fe5000 N, 12850 rpm, the emvironment temperature
w90 OC, and it is Iubricated by 25% frozem oil. Accordingly the mimimim oil-
film thickness bhpin=2.1 um.

It should be pointed out that the caloulated hyin i8 the theoretical va-
lue under the ideal condition of smooth surface and parallel bus lines on the
surfaces of the journal and the bearing. In practice, both eurfaces have rough=
ness and bad c¢circularity. In addition, since aasembly error or deformation may
lead to the relative inclination of the journal and the bearing,the theoretical
minimum oil-film thicknese muat be greater than or equal to the minimum allow-—
able film thicknems, i.@.y

Bbpin 2 [Pminl
(bpin)] can be estimated by the following equationm,

(bpin] = (1.5~2) (RZ)+RZp) (4)

where RZ; and RZp; are the average heights of the surface unevenness of the
journal and the bearing respectively.

The load-carrying capacity of the hydrodynamic lubrication bearing is maiply
confined by bhmin and the service temperature of the lubricating oil. Gi.ven
hpin o+ the load-earrying capacity of the bearing will increase with the linear
velocity of the journal surface v. However, when the velocity is too high, the
heat produced by friction will greatly reduce the viscosity of the lubricating
oil, which will limit or reduce the load-carrying capacity. The maximum ve].?c;-
ty limit is determined by the 0il-film oscillation of the bearing.The operation

limit ecurve of the plain bearing is shown in Fig. 4.

The performance of the hydrodynamic jubrication bearing is zonmnected with
such parameters as the bearing pressure, rotating velocity of the journal,vis-
cosity of the lubricating 0il and the bearing structure. The rotating velocity
of the journal is determined by the general design of the machine and c¢annot be
changed, tut all the other parameters can be changed whenever necesgary.

A greater bearing pressure p can 1o
redugce the dimensions of the bearing

Few, N
-

and help it operate in steady state. \K‘.

However if the pressure is too high, 1o*

the oil film will get thinner and the oo \

performance of the lubricating oil

and the machining, and assembly pre- 100 e -

cimion of the parts muat be improved, /

it may even result in the failure to ; y //""‘*\

make liguid lubrication. When the 10 ~ =

presgure i3 too low, however,the di- /' ‘\

nensiona of the bearing must be in- J

creased, and 0il-film oscillation e ]

may ococur due to the Very small ec— / . \

centricity ratio at great velocity, N

making the bearing lose steadiness. e :
The smaller the value of B/D , | l

the greater the end flux,the smalier P 1o o ) FLOEFERNT L

the friction power losa and the bear- n , r/min

ing temperature rise, tut the smaller

the losd-carrying capacity. If B/D

increaseg, the load—-carrying capacity

can be improved,but the power loss

and the temperature rise will also increase.

Pig. 4 Operstion limit curve of
the plain bearing
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Furthermore; the inclination of the journal may result in the edge ocontact.
Therefora, B/D of the plain bearing in scroll compreasors generally ranges from
0.1 to 1. .

The relative elearance Y ham a significant effect on the load~carrying oa-
pracity, retating preeision and the temperature rise. A smaller “W¥ may improve
the load-carrying capacity, but the power logs and temperature rime will in=-
crease, and the lubricating oil feed will decrease. Too amall a ¥ value may
even result in the failure to build the lubricating oil film. Generally, can
be smelected by the following empirical formula 41

W= (0.6 ~1.,0) 4/ % x 1073 (5)
where v is the journal surface linear velocity, m/a.
SELECTION OF THE BEARING MATERIAL

A® said above, liguid friction for the plain bearing is only an ideal condi-
tion. In practice, the minimum oal film thickneas of the bearing is only 1~3
xm, and such a thin oil film cannot overcome the effects produced by shutdown,
starting, slow-running, machining and asaembly error of the related parts, and
the roughness of the working surface. Looal metal surface contact caused wear
and scoring is thus inevitable. When the specific power of compressor is in-
¢reamed, the performance characteristic number S0 of the plain bearing will
decrease. According to our testing results, the plain bearing frequently ope=
rates in the mixed or boundary friction eondition. To guarantee the lasting and
Teliable operation of the bearing uader these two conditions, the bearing ma-
terial must posmess the following propertiess [5]

1. Good mechanical properties at high temperature 10 be preasure - re-
sistant and shock-reajptant, and have esnough fatigue strength,

2, Good surface propert{ies ——— gmall frietion ecoefficient of the surface
and not easy to wear,

3. Good compatibility with the Journal material ——e— ad.hésive-—woar-—resistam
and scuffing-rTesistant when the Jjournal runs at a low velocity or the
oil film is very thin, thus avoiding journal scoring or "aeizure".

4. Good conformability —— able to adapt to the inclination of the bearing

and other geometric errora,

5. Good embedability ——— able to accept and hold in hard foreign grains amd
prevent acoring the journal.

€. Good lubrication ability —— great affinity to the lubricant and able

to form uniformly-abserbed oil film on the murface of the material,

T+ Good wear—in behaviour =—— The surfage roughness of the bearing ma-
terial is easy to decrease in operation, which ensures the fit of +the
Journal and bearing surfaces.

8. Anti-corrosion —— able to resist 4he sorrosion of the organic asid
produced by the aging and oxidation of the lubricating o0il.

No eximting bearing material gan satisfy all the above property require-
ments, and selection met be made by taking into consideration the specific
conditions. The multi-layer composite material, whose overa]l performance is
more successful, represents one of the trends in the development of bearing ma-
terial The Tinned bronze is an extenvively applied baaring material, but ve
have found out that the bearing of thiam material is liable %o adhesive year
and scoring due to the poor conformability and embedability of the material.
When the leaded bronze is in the boundary friction condition, the lead in free
state is easy to be coated on the bearing surface to form the anti-friotion
film. Besides, its shock-resistant and fatigue~resietant performance is sy~
pParior to that of the bearing alloy. Therefors leaded tronze is suitable for
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the plain bearing in scroll compressors. In omr tegt, the leaded bronze with
the lead content of 2% was used, and after 2400 hours of operation, no adhe-
give wear occurred, and the wear of the frictional surfaces ia 8 um. To further
impreve the anti-fristion and wear-resistant performance of the bearing, DU
and DX bearings made of composite maiterials may be adopied.

1.

2.

4.

[11
21
[31
[a1

£51

CONCLUSION

Flain bearing is one of the key parts of the smeroll compressor. The wvear
and energy consumption condition holds great influence on the reliability
and service life of the compressor.

Wear ie the main form of failure of the plain bearing and lubrication is the
most effective way to reduce friction and prevent wesr.

The lubricating oil film musi be tuilt between the bearing and the journal
in order to guarantee the liquid friction condition for the bearing. The
minimum o0il-film thickness must be greater than or equal to the minimum al=~

lowabla thickness. Bpin > (Ppinl

The minimum oil=-film thickness is usually very small, and the bearing often
operate in the mixed or boundary frietion condition in practice. Therefore,
the bearing material muat possess good mechanical properties snd anti-frie-
tion and wear—-resistant properties.
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