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B      Angle between load line and center of bearing arc
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I. INTRODUCTION
6

..F    .. In    the    Tirr--ER tal    gn    Beletng     eletmetogy   hae    ecm,   01   *Ze    and   numefees

applications have emerged.  Most of these are in th
e fields of specialized

turbomachinery and instruments.  This paper is devo
ted entirely to the

former.
I 0

The purpose of the authors is to discuss some of th
e reasons why gas

bearings are being applied and to outline several o
f the factors that must

be considered in selection and design.  At the same
 time, attention is

focused to the limitations of current knowledge and 
on a number of remaining

problem areas. Illustrations are given for rotors supported in self
-acting

and in externally pressurized gas bearings.  These 
rotors range from a

fraction of a pound to several hundred pounds in we
ight.

The authors feel very strongly that gas bearings ar
e no longer an art

or a demonstration model.. A well defined technolog
y has been established

and accounts for the many successful applications. 
 This is not to say that

further technologi'cal advances are no longer needed.  In fact this paper

r I stresses several problem areas and limitations in o
rder to alert the designer

and to caution him against misapplications.

II. DISCUSSION

.·               The growth of gas bearing applicat
ions can best be answered by raising

the following question:

Why Gas Bearings?

Immediately a number of advantages emerge,  such  as:

1.)  No contamination of the system environment by 
the lubricant.

2.)  Operation over a wide temperature range.

3.)  Resistance to thermal breakdown of the lubrica
nt.

4.)  Resistance to damage by radioactivity.

5.)  High reliability and long life.

6.)  Low·and constant friction.

7.) Close position control and low- vibration.

8.)  Minimized leakage from gas system.
Etc.

Both commercial and military groups are taking these
 advantages and

applying them to many products.  Some of these are 
listed in Table I.

'

As evidenced from Table I, the application of proce
ss fluid lubrica-

1
tion to compressora and turbines offers many advant

ages.  It is for this

reason that many successful applications in this ar
ea have been developed

1 over the last few years.

The Office of Naval Research early recognized the po
tentials of gas

bearings and coordinated a government sponsored, in
teragency program to

support fundamental work in a number of companies, i
nstitutes and

universities.  This continuing program has been the
 single most important

factor in the establishment of gas bearing technolo
gy.  Fundamental and

systematic advances in knowledge have also come from a number of sources
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overseas including, in 
particular, the United 

Kingdom Atomic Energy  
                 ,:

Authority, joint ...for
ts by the Japanese Univ

ersities and industry a
s

well as research instit
utes and universities i

n the Soviet Union and 
Rumania. *

The technology iS quite complex because it involves nonlinear mechanics

and a wide range of int
errelated parametazs.  

Without a clear unders=
anding

of this technology one 
must resort to trial an

d error pr.zedure which
 can be

extremely costly.  In s
ome cases, in fact, che

 development effort suf
fered

because of this approac
h and was stopped after

 a considerable expendi
ture of

funds.

A clear understanding of gas bearing technology still does not. guarantee

successful applications
.  This is because a ma

chine is composed of ma
ny other

elements beside bearings. The behavior  of many of these elements is sometimes

unknown and the interac
tions in the system are

 even less well underst
ood.  Ill

defined forces due to m
agnetic and electrical 

dissymmetries of high f
requency

motors are a good examp
le of such design pitfa

lls.  Several disciplin
es, e.g.,

heat transfer, aerodyna
mics, stress analysis,.

material engineering an
d

electrical engineering 
enter into a successful

 design.

To illustrate the effect of a few of the parameters and some of the

interactions an example
 is given below:

Example

It is required to desig
n a motor driven 100 HP

 compressor, which

54
would operate on self-a

cting gai bearings.  Ae
rodynamic consideration

s

require the compressor 
to operate somewhere be

tween 12,000 and 24,000
 RFM.

The example is simplifi
ed by assuming that wit

hin this speed range th
ere

are no rotor instabilit
ies or dynamic problems

 and no problems of hea
t

transfer or stress. There still remain a nu
mber of considerations,

 a

few of which are chosen
 here to illustrate som

e of the interactions.

Experience has shown th
at in the range of 100 

HP the weight of a

hollow rotor assembly i
s in the order of 1 lb/

HP (Fig. 15).  On the

other·hand solid rotors
 would be about 1.5 lb/HP. From the stand-

I     point of material
 compatability and with

out external pressuriza
tion

for starts and stops, t
he load on projected be

aring area should be ab
out

1       2 psi.  This re
quires for the 100 HP h

ollow rotor a bearing a
rea of

50 square inches.  With
 bearings of L/D = 1 th

e two bearings would,

therefore,  be  5"  x  5".   For a solid rotor the loading would go  to  3  psi

or the bearing area wou
ld have to be increased

 to 75 sq. in.  With a

larger diameter rotor t
he ratio of 1.5 lb/HP m

ay be exceeded; this is

an undesirable conditio
n.  The required starti

ng motor torque for the

J hollow rotor. using compatible materials with a coefficient of friction

of 0.1 would be 25 in.l
b.  This presents a hig

h starting torque, whic
h

f                   req
uires oversized motor w

indings and power suppl
y.  With the solid

I rotor the situation wou
ld be 50 percent worse.

At 24,000 RPM a hollow steel rotor 5" O.D. and 4.5" I.D. has a

centrifugal 'radial growth of  1.9 x  10-3 in., while a solid rotor grows

·only 0.4 x 10-3 in.  T
he radial growth of the

 hollow rotor is excess
ive

*                   unl
ess a design was provid

ed to compensate for it
.  Yet radial growth

or decrease in radial c
learance with increase 

in speed can be taken

                    adv
antage of since there e

xist regions in the sta
bility plot where the

instability threshold r
ises with reduction in 

clearance.  This observ
a-

<4                  tion was illustrated in Ref. 2 and will be discussed furcher in this

B paper. One could cite other inter .ccions but this
will suffice to

m... illustrate the point th
at successful turbomach

inery application deman
ds

rf an unders tanding  of the interactions  and a proper balance between   the

   .            
    various fact

ors.

.                                                     Ir  
                                                          

                                                          
            -2-
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Rotor-Bearini Considerations

Numerous reports and papers have covered v
arious aspects of gas

bearings and rotor dynamics. Since reference cannot be made to all of

- -          Sh/m, only a reciat bibliogra
phy (Ref. i) is referred co.  In addition

reference is made to publications by the a
uthors which are used in this

paper. \

In Refs. 2, 3 and 4 the effect of bearing 
grooving, position of

venting orifice clearance, L/D, eccentrici
ty ratio, mass to weight

ratio and compressibility numbc·, were st
udied as a function of load

carrying capacity and chreshold of Half graquency Whirl. This paper

extends the paSt work. .2 aclaccs a car:...ly used bearing With

L/D = 1 and shows the efiect of ambient pr
essure, external force,

bearing arc, and direction of force on lo
ad carrying capacity and

threshold of instability.

Plain Cylindrical Journal Bearines

Load carrying capacity, attitude angle an
d friction force as

a function of compressibility number and e
ccentricity ratio are

shown in Figs. 1, 2 and 3 respectively.  N
ote that theory and

practice are in good agreement.  The effec
t of clearance on the

threshold of instab£lity is shown in Fig. 
4.  Two theoretical

approaches, the Linearized PH-Quasi Static
 and the Non-Linear

Galerkin's Method are compared to availab
le experimental data.

It has been noted that the Linearized PH-Q
uasi Static theory

(Ref. 5) always gives safe criteria and th
at the trends are

similar between theory and experiment. The effect of L/D ratio

on the threshold of instability is shown 
in Fig. 5.  Note that

the lower the L/D ratio, the higher the t
hreshold speed.  This

means of raising the instability threshold
 is achieved at the

cost of increased unit loads and thinner f
ilms. The effect of

eccentricity ratio on threshold of instabi
lity, using Galerkin's

Method, is shown in Fig. 6.  This figure-g
ives a complete

stability map for a bearing with L/D = 1.
  Similar maps are given

in Ref. 6 for other L/D ratios.  The effec
t of orifice venting on

threshold of instability is also shown in 
Fig. 7.  Note that an

appreciable increase in threshold speed c
an be achieved by proper

location of the venting orifice.

The above discussion has pointed out some
 factors which

influence the rotor-bearing design. It is evident that even with

a simple geometry, such as plain cylindri
cal journal bearings,

the number of design factors is large.  Th
is bearing configuration

is of interest because of its simplicity, high load carrying

capacity and ease of manufacture to the to
lerances required.

Furthermore, it expands uniformly and is m
ore resistant to thermal

distortion than other less symmetrical bea
ring types.  Its main

disadvantage is its low threshold of instability. Nevertheless,
the plain cylindrical journal bearing or o

ne with very few minor

modifications is adequate in many applica
tions.

I Partial Arc Journal Bearings
.

4
4                            Applying most of the advc..:_ues and recognizing the

t . limitations of plain cylindriz__ -=.urnal bearings,  11 nas-

D : developed a bearing configuracion w:lzr. ras appreciably higher

t. - threshold of instability and one whose fab
rication is only

I.   . ,

slightly more complex.  This configuration
 is discussed next.

I--



'                In Fig. 7 it was shown that the threshold of instability

                      could be raised by the elimination of subamblent pressures; this_-wa 1.-Acpomplis-ked by an orifice which introduced ambient pressure
to the diverging region of the bearing.  In Fig. 6 it was shown
that the threshold of instability could be raised by increasing
the applied force.  It was further recognized that it would be
desirable if the applied force increased with speed.  All of these
features have been incorporated in a design patented by MTI as
shown in Fig. 8.

c.                       The load carrying arc of the bearing consists of plain surface.
The diverging film arc of the bearing is grooved.  This region

generates hydrodynamic pressures which are above ambient.  The
mhgnitude  of the pressure  is  a  function  of bearing geometry  and

1          compressibility number. In this way a force is gene=ated which
inc:--ases with speed. The load carrying capacity is also a

1            function of compressibility number and bearing arc. Such a

configuration, therefore, generates above ambient pressures in
i                    both converging and diverging regions of the bearing.

Fig. 9 shows load carrying capacity and attitude angle as a
function of bearing arc and eccentricity ratio for a given
compressibility number and L/D ratio.  Similar curvet have been
obtained for other compressibility numbers and L/D ratios.  Note

·.                      from this figure that the decrease in load carrying capacity
,·                   between 3600 and 120' bearing arc is only about 50 percent.  In

most cases the higher threshold speed raises the load carrying
capacity which more than compensates for the reduction caused
by the bearing arc change.  The higher threshold has many other
advantages in turbomachinery applications.  Fig. 10 shows two
such bearing configurations.  Using this principle, tests were
conducted to show the effect of several parameters on the
threshold of instability.  Fig. 11 shows the test rig and
instrumentation.  The test rig is instrumented to study load

carrying capacity, attitude angle and rotor stability as a
function of bearing geometry, compressibility number, weight,

7,                               -  mass, unbalance forces, magnetic forces and hydrostatic forces.
Some of the results are illustrated in Figs. 12, 13 and 14.

.

 ,           Fig. 12 shows whirl threshold speed as a function of ambient
pressure, angle 0, and hydrodynamic load PL·  Note the large
gain in whirl threshold speed between the B = 00, PL = 0 psid
and B= + 120, PL =5 psid.  In fact a 12,000 RPM rotor is
unstable at ambient pressures above 35 psia with the first
bearing and it is stable all the way up to 500 psia with the
second bearing.

Fig. 13 shows whirl threshold as a function of hydrodynamic
pressure, ambient pressure and L/D ratio.  Note the change of
whirl threshold with change in L/D ratio.  For the Pa = 500 psia

and 12,000 RPM condition, discussed before, the L/D = 3/4
' '       -             bearing will require le3s than half of the hydrodynamic load for

stabilization.  Further improvements can be obtained by varying
the angle B.

*

e                        The manufacture of these bearing. is quite simple. Several
techniques can be used, e.g., etching, plating, machining, etc.

The particular application will generally dictate the best method.

*
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While .these bearings possess numerous advantages they have
the disadvantage oi load direction sensitivity.  This can 

be overcome

by  TiiaRI/ff -Um  beartiwg   bong•cr  r-f ch     se 59  ef   *reoves- all around   the

circumference but displaced axiaiiy. In effect, this is equivalent

to several adjacent bearings  with  tha  plain and grooved portions                  42.
at different angles wich respect to che load vector.  Such a

design
10.1

is cumbersome and makes th: machine longer and more expensive.  For '  ' 
good design one should know the magnitude and direction o

f the load.

Thus, the disadvancate only presents itself where the load direction

 ''     is variable. This brings us to the next point in the discussion.

Dynamic Forces and Instgbilities

There are a number of sources of dynamic forces on the :ocor.
. . . .

Some of these are '--'·--'- -'  to cha z'.acl'.ine  v.ef.  to -:lg.  --;) and
/.. L-- --- 6

others are external. T..a most common is :he mechanical unbalance .4

force which produces Synchronous Whirl. The amplitude and phase

angle of this whirling motion has been analyzed for rolor
s in plain

cylindrical journal bearings and is well understood (Refs. 7 and 8).

Motor driven rotors can impose a number of dynamic forces

(see Fig. 14). During starting the rotor may have to pass through

a number of electrical resonances.  The force magnitude at
 these

resonances gay be several g's as seen in Fig. 14.  In general

electrical motors also produce magnetic forces with a frequency

of two per revolution. The presence of these forces, together

with the once per revolution mechanical unbalance produces
 a three

leaf pattern.With electrical power cut off the tbree leaf pattern

reduces to once per revolution synchronous whirl as shown in
 Fig. 14.

With motor slip the three leaf pattern resembles a propeller. In

addition, magnetostrictive forces in a motor produce excitat
ion

whose magnitude is time dependent and whose resonant frequenc
y

;
S                     depends on electromechanical design.  This force produces

 a beat

(see Fig. 14).  The magnitudes and frequencies of all the
 electrical

'                       forces are much less predictable than the mechanical fo
rces and can

cause,considerable trouble.

-'

Aerodynamic pulsating forces are extremely severe· in the

compressor surge range.  Their magnitude and condition of oc
currence

depends on both the aerodynamic (impeller) and the system designs.

While methods are available for reasonably accurate predictions of

the surge line, the calculation of force magnitude in the neighbor-

,          hood of surge is not readily attainable.

1                            A number of other resonances can be troub·lesome. For example,

1                        a flexibly mounted bearing can be excited by externa
l vibrations

which are transmitted through the casing.  In the case of extern
ally

1                        pressurized bearings, pneumatic ham
mer is another source of trouble.

4 In addition the self-excited fluid film instabilities must, under
/

                        all conditions, be avoided.  When such instabilities 
set in the

l                        self-acting fluid film forces will rapidly go d
own to zero and the

                         fluid film is unable to support any load. (See Fig. 14.)  This

i                        subject has been studied quite extensivel
y and stability maps at

                                         least for plain cylindrical  bea- iLl- and symmetrical rotors  are

1                        available (Refs. 5, 6 and 9).

r4'                             Dynamic forces and instabilities have thus far been the
greatest barriers to successful applications.  Numerous example

s

can be  cited of unsuccessful applications in which dynamic

conditions were ignored during design.  This should not b
e



surprising since simil
ar situations exist wi

th oil bearing
.,

supported turbomachinery.    With gas hearings this condition  is

aggravated '69- the Tac€ -Ehat 96-tors  g€nerally 6*-afate at high  spead-

and a failure can be c
atastrophic to the rot

or and bearings. The

degree of damage depen
ds almost entirely on 

material compatability

since boundary lubrication is absent.

These points are discu
ssed here to alert the

 designer to some

of the factots that ile must consider in his application. It cannot

be emphasized too stro
ngly that, new applications, the 

designer

should always resort to careful asalysis and well instrumentated

test runs, ratner than
 trial and error proce

durw.

III. EXAMPLES OF ROTOR-BEAR
ING SYSTEMS

In the discussion of t
his paper several para

meters and interaction
s

were discussed.  Aware
ness of these factors 

and fundamental unders
tanding

of the interactions we
re used in the develop

ment and design of sev
eral

-

succes ful systems.  S
ome of these are given

 in Table II.

1                                                        
                                                        

                                               1 1

Analysis of a number o
f self-acting motor dr

iven and hybrid turbin
e

8riven machines indica
te that for high HP (r

atings > 200) con,ider
able

reduction in weight is
 possible by use of ch

e latter drive (see Fi
g. 15).

p             The moto
r driven rotors range 

between 12,600 and 24,
000 RPM.  Considerably

higher speeds are poss
ible with turbine driv

es which permit decrea
se in

weight and more nearly
 optimum system design

.  Another advantage i
s the

reduction in bearing s
ize.  With hybrid bear

ings the psi loading i
n

numerous applications 
is comparable to oil l

ubrication which makes
 it two

orders of magnitude gr
eater than the self-ac

ting hearings.  Some a
dditional

comparisons between se
lf-acting and external

ly pressurized journal
 bearings

are given in Table III
.

Several of the self-ac
ting, motor driven rot

ors and hybrid, turbin
e

driven rotors are show
n in Figs. 16 and 17 r

espectively.  Their we
ight-

horsepower characteris
tids are included in F

ig. 15.  Included also
 are

  -           examples
of self-acting, motor driven fans and circulators ranging from

0.4 - 75 HP (Fig. 18), and hybrid„turbine driven compressor, a feed

water pump and generat
or (Fig. 19).  Both la

rger and smaller rotor
s are

being investigated for
 several new applicati

ons.

IV. PROBLEM AREAS

3, -
Even though gas bearin

gs have been successfu
lly applied to several

191 machines, there still 
remain a number of pro

blem areas which deman
d

  ·
further developments.  Some of these are listed in Table IV.

,
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turbomachinery applications are now possible that
 take advantage

of process fluid lubrication.

2.)  The· next few years w-21 see very rapid increase in the number of
commerci. 1 as w»-- as mili.dry u,22 of gas bearings. Development

costs are wa."ranted because of the mEny advantages of process

fluid lubrication.

3.)  Expensive, often futile, trial and error as
 well as misapplications

can be prevented by careful consideration of the ma-y performance

parameters and system interactions.

*
4.)  There remain a number of problem areas; howe

ver, these are defined

and will yield to additional research and develop
ment.

5.) Most applications to date have been motor driven machinery with self-

acting bearings.  It is expected than turbine driven machinery with

hybrid bearings will comprise an increasingly lar
ger share of

'...

 -                   future tufbomachinery applications because of higher speed and

greater economy of design. This is particularly true in the

higher power ranges (greater than 200 HP).

.

d
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TABI.E I

.AD'h.NTACES AND APPLICATIONS

Industry Aoplications

No Contamination Nuclear Pumps, compressors, blowers,

circulators, zurbines, motors

Chemical Compressors, turbines, expanders

* Food Compressors, blowers, circulators,

motors

Pharmaceutical Compressors, blowers, circulators,

motors

Refrigeration Compressors, expanders

Medical Dental drills

·r

Low-Hith Temperature Refrigeration Cryogenic compressors, expanders

Space Turbines, compressors, generators

 

Utility Turbines, compressors
, generators

Nuclear Pumps, compressors, turbines,
motors

'i

i
Radiation Nuclear Compressors, turbines

't

' Space Compressors, turbines, generators

·4                                                                            
                                    -

Hifh Reliability and Nuclear Compreisors, blowers, circulators,

.

:            Long Life turbines, motors, generators

                                 Space generators, gyros, disks, drumsCompressors, turbines, motors,

Textile Spindles
2/

 ·,

Consumer Motor, generators, compress
ors,

blowers, circulators,   fans,

.tri.

recorders, computers

.'....7

& 1                     Low' and Constant Friction Electrical Dynamometers

L jt; Military
f                                    

                         Gyros, accel
erometers, turn

fl
tables, optical scanners

''11'

1%.
44 Close Position Control Machine Tool Grinders, turn tables

157 . and Lov Vibration
2, drills

Consuz.-1 Recorders,  computers,  dental

13.-      r
"85. .'
M:5

--------Ii-----I- 
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TABLE II

SPECIFICATIONS FOR TYPICAL MACHINES

Bearing design Performance (actual or predicted)

, Type gas speed, drive at inl8ti     , head.  coeff.(1-state)
"

 Achine
Design Statue used  rpm    hp   flow, cim T, F P,psi  ft. -4/NDG    *

type is  ',y:
Compressors, Blowers and Circulators

1 Regenerative MTI delivered self-acting He 12,000      8 6.1 100 492 6,600  .00603  2.820

2 ¢entrifugal MTI delivered self-acting lie 12,000 75 972 600 500 7,560 .09230 0.710

3 *odified MTI delivered self-acting He 18,000     10      58.5 1,000  500  11,250  .00625  0.6
57

gentrifugal
4 lentrifugal MTI in constr. self-acting He 23,000 140 1,332 245 236 21,800 .09890 0.495

(aero)

5 t.,o-stage MTI in constr. self-acting 10,800     35 400 6,k20  .06940  0.540

4entrifugal                        
       -

6 *egenerative MTI delivered self-acting Air 3,600 0.125 9    70 14.7 638 .01545 2.210

7 Two-stage MTI designed self-acting Air 12,000     10 37.4 200 15  12,450  .01759  1.610

*pgenerative                                                                                                                                         
                             ,

8 two-stage MTI preliminary  self-acting  Mix.  52,500     59
336 70 14.5  63,500  .05340  0.632

4entrifugal
design                                    (aero)

--

...I             9 Axial MTI preliminary  self-acting
Air 30,700. 250 8,430 90 14.5 10,365 .83600  0.270

design                                   (aero)

r           10 Axial MTI preliminary  self-acting
Air 18,280 250 12,880 90 14.5 6,770  .84800  0.270

j                        design                        
             (aero)

- 11  iscous MTI preliminary  self-acting Air 24,000 0.55 150 20  15,270  .00018  1.25

(Double-sided) design
, 12 dentrifugal GE delivered ext.-press.  He    24,000     10

57.4 180 215 9,220  .01477  0.688

11      
     •

13 gentrifugal GE delivered ext.-press. N2 24,000     10 47.4 180 215 3,350  .04113  0.518

11       
-

'11    11.4  ixial M" in constr. self-acting He 23,000 140 1,600  250
·       L

Turbines

:.. -                                         (aero
)

2   :15 4.- entry MTI in constr. self-acting Air 11,500      2             100 26.7

1 (aero)

4* .) 12:::se preliminary  self-acting  Mix.  52,500     59          
 1,450   48

design                                     (aero)

4  .,           .    e. 2- 311

(cont'd. on next page)I l l
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(cont'd) TABLE II

Bearing design Performance (actual or predicted)
..-

Type gas speed, drive at inlet: head,  coeff.(1-stage)
K-tch inc Design Statits used rpm      hp   flow, cfm T,IF P,psi ft.

t-:pe.__ - -    ..-_Li hy.1 .-
. --Pft'--1   0

Elcctrical

17-R,!:or- - MTI
proposed __  self-acting

He 3,600  10KW
Qi·,icrator

Test Rotors
4

18     VAr-t  Fl-31,-   - - -

-

1·i'r f delivered self-acting - 10,800    40                                  -
-

gpill: ist.lge
19 Wur 50

. M.1'I on test ext.-press.   N2   35,000    35

c, op r.  s so,:
20 qingle stage MTI tested self-acting Air 24,000    10
21 4ingle stage MTI te·; ted self-acting Air, 24,000    10

He                     '

22 9 lugl 2 .,E 52 MTI constructed  self-acting Air 18,000    10                                                 i
23 Single .:Lagc MTI constructed  self-acting Air, 18,000    10

'

He                                                                          ;

Turbo Pump1 i
24 Feed Water GE & designed ext.-press. steam                                                               

Pump MTI                                                                                                 i

Q= actual inlet cfm; N= rpm; D= impeller tip dia., ft; * = head coeff. =g x head/U2; U= tip speed, ft/sec      i

-
. 7   y.

.

fw ...'ll/-
>...f  4...1

1£,4/1*:::. + ..     ...· - 4I  : .,r -
i    - -4.  42-4 44'...-  -..

..       0.2 . .2. ,./.
. . . .    -   f....42,



I . . : .                                                                                                                                                         - -

1

. :....

-I- -

TABLE III

SELF-ACTING VS. EXTERNALLY PRESSURIZED BEARINGS

Operating requirements

Materials Atixiliary

Beat hig Loa4-carrying Max. stable Starting compati- equipment

system capacity speed torque bility needed

Very Minimum Separate compressor-,- VeryExternally pr,1.: mi·ized Depends on supply

(hydros!.atic) pressure and High Low problem or other continuous

bearing geometry
high   pr    ' : .    supply

Sclk-acting (hydrodynamic) Limited by .;peed, Depends mainly on Depends on Carefully None

with dry starting br cing geometry bearing and rotor choice of select

and fluid proper- geometry, fluid materials as materials

ties limited by for mini-
propucties f luid Iroper- mum wear

ties during
starting &
stopping

Seltf-acting with hydro- Limited by spccd, Depends mainly on Very low Minimum Reservoir of fluid

static starting and bearing geometry, bearing and rotor problem for starting,

stopping and fluid proper- geometry, fluid stopping

' ties properties

Hybkid (combined e xternally Depends on supply Depends mainly on Very low Minimum Separate compressor

prepsurized and self-acting) pressure, bearing bearing and rotor problem or other continuous

geometry, speed, geometry, fluid high-pressure

and fluid proper- properties supply

ties

(.

. : ' . ' '   -
. C.LE 3& .

.
'
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Rotor-Bearings
Problem Areas

- Self-Acting
Instability (Fluid Whirl, Resona

nt Whip)

,.
2

t (Hydrodynamic)
Dynamic Performance (Critical Sp

eeds,

i. Synchronous Whirl, Shock, Accele
rduion,

.. Response to External Vibr
ation)

Performance under Misalignment

Materials (Compatability, Fretti
ng,

Coefficient of Friction, Stabili
ty)

*
,

* Hybrid
Instability (Fluid Whirl, Resona

nt Whip,

(Externally Pressurized Pneuma t ic Hanuner)

Bearing with Rotation) Dynamic Performance (Critical Sp
eeds,

Synchronous Whirl, Shock, Accele
ration,

Response to External Vibration)

Performance under Misalignment

Lockup
Pressurized Flow Requirements

Materials (Erosion, Fretting, St
ability)

Electrical Motors . t

'.. Magnetic Dissymmetry
Electrical Resonances

Compatability of Materials with 
Gases and

Vapors.

Unavailability of Motors with H
igh Power,

High Speed and Light Weight

Unavailability of Motors with Hi
gh Temperature

Insulation

Reliability

Effect of Time on Performance

*.

1
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