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‘We next define O as the volume of lubricant flowing in the x direction per unit
time. By using 3 widh of uniy i tho 2 dircton, 1 volume may be cblained by
the expression

o [us "

‘Substitating the value of  from Eg. (12-9) and ingraing gives

Un_ K dp

5T T

“To et st s e ssumpion of n comprssl obekcan snd sttt the
o i the sy for any s secton. Thas
o

=

0
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From Eq. (0.

1210
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Thers is o gonral anaytcal souton 1 Eq. (12-11); appeoximate solutions have
boen obianed by using clecrical analogies, mathematical summatons, relaxation
methods, nd namercal and grapical mthods. One ofth importantscltons i due
1o Sommertld and may be expressed n the form.

e

‘where inictes a funcional relatioship. Sommerfeld found the functions fo alf-
bearings and full bearings by using the assumption of no side leakage.





image9.png
127

Design Considerations.

W may distiguish Betwoen two groups of varablos i the design ofsliding beaings.
I th fst gmoup sr those whoss valus ither s givn o srs ander he control o
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Figurs 12-11
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“This sroap of varsbls el us how wllth besring i peforming. and hce we
may rogand them s perfonmance factors. Coran limtatons on thei valoes must
e imposed by te deigoe o ensue sisfactory performance. Thess itatons re
specifed by the charactdstics o the bearing materials ad of th lubrican. The
fundamentl prblem in bearing esi, threfoe, s (0 dfine satsatory It for
ho sccond roup of variablesand then 1o docide pon vales for th s, roup such
et thse imitations ar o sxcasded.

Significant Angular Speed
Inthe nex secton w will sxamineseveralimpotan chars rlatig key variables (o
ho Sommerteld mumber.To s point we have assumed that nly the joural rotaes
and i the Journal rtaional speed tha i usd in the Sommerfed number 1t has
Doen discovered tat the angulr spec N that s significan 1o hydrodynamic i
Dearing perormance i
N=b M- 2w 1213

where N, = jourmal angla spe, v

bearing angular speed.revis
o vector angular speed, vl
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Trumpler’s Design Criteria for Journal Bearings
esau the esring ssemby et te ubricat prssur 0 cary 3 o i et 0
oading by changing s cccenict, which educes he i i tickses o ntl
the ko 1 camed. Wt i the it of smllgss of ? Close examinstion rvels
{hat he moving jacentsufaces ofth ournaland bshin ar . smooth bt conss.
F  sries of aseritis that pass one anshe,searalod by a lubricant flm. I stariog
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a bearing under load from rest there is metal-to-metal contact and surface asperities.
ar broken o, fre 10 move and cireulatwilh the oi. Unles a il i povided, s
dobri accumlts. Such pariles have 1o be 7 0 bl a. he st containing
the minimum i thickness withou saagging in 3 oggllike confguration, cresting
addiional damago and debis. Trumple, an sccomplishod bearing dsigne, provides
2 throat of a st 200 i 10 pass particesfrom ground sufaces” Ho ls provides
for the infocnc of size lolerances tend 10 incease with sie) by sipulatin
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Many of Trumplr's designs ar operating oday, long afr bis consuling career
was over clerly they consiute good advice 0 the beginaing dsignr
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12-8

The Relations of the Variables

Befors procesing (0 the problm of esign. i i necesary [0 sablsh the relation-
ips becween the varibls. Albrt A. Reond snd John Boyd, of Westinghouse
Rescach Labortois,usod aneaio tchaique 1 slve Reyrolds' cquaion on the
Cighal compulc This i th frst imo such exlensive data have boen avalabl for
s by dosigners, ad consequently we shall mploy them i ti Sook




image14.png
“The Raimondi and Boyd papers were published in thre parts and coniain 45
et chars and 6 ables of numerical information. In al e pats charts sre
s 10 dofine the varablos fo length-diamete (1/d) ratos of 14, 112 0d 1 and for
et anle of 60 0 360", Undercetincondiions th soution 1 te Reyrolds s
o gives negative pressures n the divergig porion of e i . Since a lubricant
‘cannod usaly supporta tnsile s, Part 11 of th Raiod-Boyd papers assures
{hat the o film i uptred when the i pessure becomes 7. Part 1 o ontins
datafor tho ifintely long beaing: ince it has o ends, s means that thre is B0
de leakage. Th chars appearing i this ook are from Part I of the papers, and
ar for Tl journal beaings (3 = 360° cly. Space docs ot pormit 1 fclsion of
hars fo panial bearings. This means ha you st rfe 0 th chats n the criginal
Papers when btaangls f less than 360°ae desived.The otation s very early the
Same 2 in s book, and 50 80 problms should arise

Viscosity Charts (Figs. 12-12 to 12-14)
One of the mest important assumpions made i the Raimondi-Boyd analyss is it
visosiy of he abrican s constant as it passes through the bearing. Bt sioco work
s done o th lubricantdurng this low, he temperature of the i s Higher whn it
Jeaves e loading zone than s on iy, A th viscoslychats clerly indicte
{hat the viscosity drops off sgnficanly with a s i tmpersture. Sincs th anlyss
s s on 2 constan visosit,ou poblem o s 10 detemin e val of Vicosity
1o be used i the ansysis.

"Some o the ubican tha edes he bearig emorges 25 2 sid flow, which car-
ies avay some of the hea. Th balance of the lbrcant flws trough the load-
bearing z0n0 and caris away th bulanco of the heal generated. In daermining the
Viscosty 10 b used wo shall employ 3 emperaur tht is the average of the flet
and outlet tempertures, or
ar

-n+4 1214
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‘where T, is the inlet temperature and AT is the temperature rise of the lubricant
from ine 1 outlel. OF couse, th viscosity used in the analyss must comespond
wr.,

Viscosty varies consideraly with temperatre in @ onlnea fstion. The ori-
s i Figs. 12-12 t0 [2-14 e not Iogarihmc, s the decades e of ifering
Vercal ength. Theso graph represet he lemporte vesi visosity foncions for
ommon srades oflabocating s i bth castomary enginseing aad 1 s We have
ho temperatur vesus viscosky funcion only i gphical o, uless curve s e
doveloped.Seo Table 12-1

‘One of the objacives of brication analyss i t delemie th oi oult tem-
perature when te il and s et empecaur ar spcified. Tis i  al-and oo
00 of problom. In an anlyss, th lemperatre rico will firs bo cstimated. Ths
llows for the viscosity (0 be determined from th char Wi he valu of e viscos-
.t aalyss i prformod whers th mperature fis i thn computed. With ths.
2 ow stimateof the temperatre s is establishod. This process s continued untl
the esimate and computed emperturs agree.

T ilstte, suppose we hav docidad o wse SAE 30 cl in an appicaton i
which the oil et temperstur is T, = 150°F. We begi by ssumating tha the
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Figure 12-12 B
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{empuraurs rise will be AT = S0°. Then, rom g, (12-19),
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From Fig. 12-12 we follow the SAE 30 line and fnd that 1 = 1.40 ureyn at 195°F.
S0 we us this viscost (n an analysis o be cxpaned n deal Latcr)and i thal
tho tmperaurs s i actally AT = S4F. Thus Eq. (12-19) ghves
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Figure 12-13
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“This comespoads (o poin A on Fig. 12-12, which is above he SAE 30 line and
dicates that th viscosity used in the analyis was (00 high

00 ureyn. Agsin we run through 3 anslysis snd
30T s gives an average emporature of

=130+ 2o o5
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‘and locates point B on Fig. 12-12.

IF piots 4 and B are faily closo o cach odher and on oppesiie sides of the
SAE 30 i, a staight line can b drawn Bwoen thom with he fterecton local
g th corct valesof visosiy and average empertur o b used i th anlyss.
For s lustaion, we soe from the viscosty char tha they are T,, = 205°F and
= 120 peyn.
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Figure 12-14
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Figure 12-16
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Figure 12-17
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“The romaining chars from Raimondi and Hoyd rlate soveral vaiables (6 he
Sommereld mumber. These vaniables a2

Minimum i ticknss (Figs. 12-16 and 12-17)
Cooticiontof ficion (Fig. 12-18)
Lubricant flow (Figs. 12-19 and 12-20)
il pressre (Figs. 12-21 and 12-22)
Figure 12-15 shows the notaton usd fo the variables. W vl describe the use of
hose curves in  sresof four example usig th sam 52t of given aramates

Minimum Fim Thickness
InFi. 12-16, the minina il thickness vaible B c o ecenticiy i € = ¢fc
ol sgintthe Sonmeed mamhr  wih corous o varous vaes of /. The
comesponding angula posion of th miimum il tickocs s foundin Fi. 1217
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EXAMPLE 121 Dotomine hy and e using he following give parametors: = 4 ueya, N = 30 v,
W= 500 I (bearing load), r = 075 i, ¢ = 00015 i, and

Solvon The nominal bearing presur (n projected area of th journa) is
¥o_sm
20 2071s
“The Sommerteld umber i, from 3. (12-7). where N = ; = 30 reis,

() (21

150/[20075) = 1. Enering Fig 12-16 with 5 = 0.135 and 1/d = 1
042 2nd ¢ = 0.5 The quanty o i called the i fim thickncss

2

s

Ao, 1fd
sives
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00015 in, the minimum film thickness o is
o= 0.4200015) = 000063 i

W can ind th angular loction  f the minimum flm hickoess from the chart of
Fig. 1217, Eneing with S = 0.135 and Jfd = 1 gives & = 53
“The ccenticity ratio i € = efc = 058, Ths mean th eccenricity € is

= 055(00015) = 000037 i

Note that f the journal i contred i the busing, ¢ = 0 and = ¢, comespond-
g 10 3 vry light (1) load. Since & = 0, € = 0. As he load i fcressd the
oural displaces dowmuad; th liming positon i resched when iy = 0 and ¢ = c.
{hat s, when th jouna touchos he bushing. Fo i condilion he eccenticty o
s iy, Sio Iy = ¢ — &, dividing bodh sids by €. we have

Desin optma are sometimes maximum load, which is 3 load-carying charcee-
st o te bering. and sometimes mininun parasic power Loss o inimin cocf.
cien offriion. Dashod ies appear on Fig. 12-16 for maximur koad and misimum
coefTiient o fricton, 50 you can casly v one of maximum lead or misimum
‘CoefTiient o facion, bu o b The zone between the two dashd-line contours
might b considered 3 desiable locstion fo 3 design poin.

Cosfficient of Friction

The frcton chan, Fig. 12-15, has the fricion variabe (r/c)f ploted aganst
‘Sommertekd mumbee  withcontours for varous valos of the J/d .
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EXAMPLE 12-2

Soluion

Usig the parametes given in Ex. 12-1, deermine the coofTiient of fricion, the
{orque o overcome ficton, and the power loss 1 fction.

W enter Fig. 12-18 with § = 0135 and 1/d = 1 and fnd (r/c)f = 3.50. The coeff-

cien of ricion £ s

350¢/r= 35000015/075) = 00070

The fdction torgue on the journal s
T W= 0.007(500)075 = 262108 - in

“The power loss in brsepower is

o 2 2200,

o, expressd in B,
o 25N 2RCEIG0)

Sman T omsay PR
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Lubricant Flow
Figurs 12-19 and 12-20 are wsed o determioe the labicant low and side flow:
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EXAMPLE 12-3

Soluon

Contining with the posamtes of . 12-1, detrine th 1l volumeti flow e O
and e side low e 0.

Toestimate the ubricant low, tr Fig. 12-19 with 5 = 0.135 and 1/
/() = 428 Th ttal volumetic fow rkeis

o cbsin

0= 4s8rem

4280750001530)15

217 ite
From Fig 12-20 we find the flow ratio 0./0 = 0655 ad 0,

0.= 06550 = 0655(0217) = 0142in%s
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Figure 12-21
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The side leakage 0, i from th lower part ofth beaing. where the itena prssure
5 sbove atmospherc presurs. T lskage foms et o th journa-busting exter-
ol juncton,and i is caried by joural mocion 1 the op o th busing, where the
intemal presure is below simospheric pressare and the g3 is much Lrges, (0 be
Sucked i and recurnd o the it sump. Tha porcn of side ekt eaks
way fiom te bearing has 0 be made up by adking il 1o the earing sump peri-
odically by maitensnce pesonnel.

Film Pressure
“The maimum presure developd i the il ca b esimate by inding th pressure

o P/p,.. rom the chan i Fig. 12-21. The locations where the ermisating and
maimun ressures occur,a dofned in Fig 12-15, ar deermined fom Fig. 12-22.
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EXAMPLE 124 Using the parameters given i Ex. 12-1, detennioe the maximum fim pressre and
he locatons of the maximum nd tsminsting prssuss.

Solvion  Entring Fig 12-21 with 5 = 0.135 and 1
maimum presare .., hrelore

L We i0d P/pa, = 0.2 The

r_m
“oa om0

from Fig. 1222,

o

185 snd the teminting posi-
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Figure 1222

o o G he i oo e i s s of i i e, (Riont o Bt

Exampls 12-1to 124 demonsirate ow the Riondsand Boyd charts s used.
1 should b clear that we do 24 have joural-beaing parametric rlations 35 g
tion, bt i the form of charts. Moreowr,th examplas wee simple because the
steady-statc equivalen viscosity was given. We will now show How the average il
emprature (and the comsponding viscosity) is found fom enery considraios.
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Figure 127
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Hydrodynamic Theory
o prsent theory of hytrdysani bricaton orignsied i th laborscey of
Deaschamp Towor n e sary 1850 i England. Tower b been mplyed o sy
e cion n i o beaigs s e o et et of ket e,
' s acident o e, e e cous of i vesigaion, i prompicd
Toue ook st e probe in mors e stk ke i 3 vy ht
vty o 0 th deelopmentof s thor.

Fiure 127 3 schmae i of e Joumal beaia t T st
1. il e, v 3 et o 4. 3 nghof &, a0 3 bein 3 of
157 s Bain bty o, shovs. The cofins o icion sned
oy Tower i i avetaons o i i wre gt ow. whc s how o s
in. Al i s b, Toerkr il - s o ucugh
e .t when he spars s in oo, o fowed ot of U o, 1o a0
o e s, 8 crk sopes v k.t i pogped v, 0 8 v R
sy o v 3 wooden lu ot e, When e odkn o vas o vt
o0 Towet st andubiod sk kb Ve on e g of dhcve: A
e gaig conaciod o te o ko s s of rs it e unt
o i il o et b bsrin S e st Brughost (e
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" el obtind by Towr hd sch eyt Oshome Reyslds con-
Chadod ht thers must b 3 dfoe o relatin the fcton, the presars, 4t
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Figure 12-8.

ho velocity. The preset mathemaical thory of Iubcation i basd upon Reynolls'
work fllowng th experiment by Towee* The orginal diferenil equation, dvel-
‘oped by Reyoolds, was used by him o explain Tower's esls. The solation is &
Challnging problen tha has iteesod many ivestigators avr since then, ad it 5
Sl th saning pint fo lubication studies.

Reynoldspictuod the ubricant s adbering 1o bothsufaces and being plled by
o moving sutac ito 3 raowins. wodge-shaped space 50 2 o s 3 luid or
flm pressure of sufiient intensiy 0 suppot e beting [ One of te important
simplifying assumpons esuted fom Reynods”resizton th the uid ms were
S0 thin ncomparison wilh th bearing adius that th curvaur could be noglected.
“This ensbld im0 rplace the curved partal besing witha flat bearing. called a
plane sider bearin. Othe asumpions made were:

1 The luicat obeys Newon's viscous effct, Eq (12-1)
2 The forces due to the ineri of the ubriant s neglcted.
3 The ubricant i sssemd 1o be incompressible

4 The viscosiy is assumed o b constant throughou the i,
5 The ressue dos ot vary in the axial dirction

Figure 12-9a shows a joural roaig i the clockwise drecton suppored by 3
flm of lbricant of vasiabe thickoess  on a partial baring, which i Fxed. We
spaify e the fournal hs  constat surfac vty L. Using Reyaold” sssumpion
Bt curvaure can be neglecod, we fx 3 ight handed i rferece sysom 1 the
Sationary beaing. We now make the folowing aditional assumpions:
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' The elacity of say panileoflabicant i th im depend only o the coor-
oot x and .

We now sloct  lement o brican nthe film (Fi. 12-9) of dimensions .
Ay, a0 . and compute th foeestht act o th sides of thisclment. As shown i
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Fis. 12-95,normalforce, e 0 the pressurs, ac upon he rght and L ids f the
cloment, and shar foes, o 0 th viscosity d 0 th velocky, it upon the op and
botom side. Suming e fores n the x diection gves
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From Eq. (121, we have

r— @
‘wher the partlderatin i wsed bicaus the velocity  dpends upon both
Substitaing E4. (€ in E3. (5, we obain
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Note that the act of holding  constant means that C, and C; can be functions of x.
W now ssume tha ther is o slip Betwcen the ubrican ax th boundary surfces.
“This gves two ses of boundary condilons for evaluating C; ad C:

A y=ou=o
nu=v
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Figure 12-10
[

Notc, i the second condion that s 2 functionof . Substttng thase condions
i Ea. e) and solving fo C; and G gives:





