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Amin

Conlormal surfaces

Prax * 5 MPa

Pmin s (0, Up, 1 Hx: RyJ >1um
No elastic effect
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Noncenformal surfaces
High-elastic-modulus material {e.g., steel)
Prmax = 1 GPa

hmin = f(ﬂ,, Uy, 10 Ry RY' E', §)> 0.1 um
Elastic and viscous effecta both impartant
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Nenconformal surfaces (e.g., nitrile rubber)
Pmax = 1 MPa

Bmin =1 (@2, Up, mg Ry, Ry E) =~ 1 um
Elastic eflects predominate
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Rolling-element bearings
Nature of r ]
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1
Aoller
Mode ot operation Ball (including
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Nature of load Steady Dynamic
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=====—--== Rubbing bearings
— — —  Qilimpragneled porous metal bearings
Rolling-element bearings
— - —— — —  Hydradynamic oil liim bearings
107 Shaft
diemater, T e
108 m (in.) ~ ~
0.5 (20}‘ 0.2
e 0 (100
108 2y - "\)..
2
106 12 _-— Approximate
< -—u%5 (5) solid-steel-shatt
R : S ~. burst limit
= J25¢5)
5 104 z S Dy ‘ .05
- - 05 {2) \\ - P
3 E . St \ - .05 @ .
E £ 10 025 (1)* RN
E 102 [
3 - . g2 (1
g 3 0125 (A) N )
E 3 103 \ \
.S 102 [ 008 (u) N \
= \ \ \
102 \ ‘
Approximate maximum \
10 speed, rubbing bearings— N '\ \, 0.05 (2),/
7025 (1)
10— Approximate maximum -006 (1)
; speed, rolling-element bearings— - \ \,.\. 0125 (%)

10-2 10-1 1 10 102 103 104 2x104
Frequency of rotalion, rps

1 10 102 103 104 105 106
Frequency of rotation, rpm
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Condilion General commenis Journal hearing type
Rubbing Oil-impregnated Roiling-¢lement Hydrodynamic Hydrostatic | Self-acting Exwernally
bearings porous metal bearings flud film fluid film pas pressurized
bearings bearings bearings bearings gas hearings
Simplicity of Excellent Excellent with seif- Self-conwaingd Auxiliary Excellent Pressurized
lubrication contained grease or oil | assemblies can be | high supply of dry,
luhrication used with certain pressure is clean gas is
limits of load. necessary necessary
speed. and diam-
eler: beyond this,
oil circulation is
BECessary
Availability Good 10 Excellent Good Not available
of standard excellent
parts depending
on lype
Prevention of Improved per- Normally sansfaciory. bul autennon 10 sealing is mecessary. except where a Excellem
conmamination formance can process liquid can be used as a lubricani
product and be oblained
surroundings by allowing
& Process
ligud 1o
lubricate and
cool the
bearing. but
wear debris
may impose
limilations
Frequeni stop- Excellent Good Excellem Good Excellen Poor Excellent
Sarm
Frequent Generally good Generally good
change of
rotating
direction
Running costs Very low Depends on Cost of Nil Cost of gas
complexity of Tobricam supply has to
lubrieation sysiem | supply has be considered
to be
considered
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Conditton | General comments lournal bearing type
Rubbing Oil-impregnated Rolling-chement Hydrodynamic Hydrosatic | Self-acting Exiernally
bearings porous mewl bearings fluid film fluid film Fr3 pressurized
bearings bearings bearings bearings gas bearings
Weineas and | Atierion w0 N Ny Normally Normally satsfaciory. Satisfactory Satisfactory
humidity possibility satisfactory | satisfaciory; but special anention 1o
of metallic depending sealing sealing may be
coTosion is on material | advantageous Recessary
necexxary
Radiation Satisflaczory Lubricant may impose limitations Eacellent
Low starling Not normalty | Smisfsciory Good Satisfacrory Excellem Satisfacwory | Exceflent
torque recommended
Low running
1onque
Accuracy of Boor Goad Excellem Good Encellen
radial
location
Life Finite but predictable Theorsucally Theoreti- Theorenr- Theoretically
infinite b cally cally infinite
affecied by infinite | infinite infinite but
filiration and affected by
aumber of stops number of
and wars stops and
siarts
ﬁ.e..:i:u_..g A thrus1 face must be provided to | Most types capable of A thrust face must be provided (o carry the axial loads
of axial and to carry the axial loads dual duty
load-carrying
capacily

Silemt running

Good for
steady
loading

Excellem

Usually salistaciory;
consull manufacturer

Excellem

Encellent
except for
poxsible
pump noisc

Exceltent
except for
possible
COMpPressor
noise

Excellem
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Condition General comments Thbrust bearing type
Rubbing Oil:impregnated Rolling-clemem Hydrodynamic Hydrostatic | Self-acting Exwernally
bearings porous metal bearings fluid film fluid Alm gas prexsurized
bearings bearings bearings bearings gas bearingx
Higb Auention w dil- Normally Anrention 10 oxida- | Up 10 100 °C a0 limi- | Allendion Lo oxidalion resistance Exceilem
temperalure | ferential expan- salisfactory 1on sesistance of | wiions; from 400 10 of lubricant is necessary
sions amd Lbeir depending on | lubricant . 250 °C stabilized
effect upon asial | material necessary bearings and speciat
clearance is lubricstion procedurex
necessary are probably requined
Low Allention © Lubricam may Below ~30 °C special | Lubricamt may Lubricanl Excellent; thorough drying
temperature | differential impose limitations: | lubricams are required; | impose limitations; | may impose | of gas ix necexsary
expansions and consideration of consxderation of starting | consideration of limitations
SIaRing Wrgues is starting forque is | lOnjue is necessary starting lorque is
nNECEsSsary Recessary MECEILAry
Exlernal Allention 1o the Normally satisfaciory cxcept when | May impose limitations: | Smisfaciory Excellent Normally Excellen
vibralion - possibility of frei- | peak of impact load exceeds boad- | consult manufacturer satisfaclory
ting damage is CarTying capaciy
necessary (except
for hydrostatic
bearings)
Space Small radial extent Bearings of many Small radial extemt bur 1oxal Small Small radial
requiremens differemt proportions space requirement depends on radial total space
are available the lubrication feed sysiem exient requirement
depends on gas)
feed sysiem
Din or dust Normally satisfactory: scaling Sealing is important Satisfactory; Gliration of Sealing Salisfactory
advamageous tubricant is tmportani important
Vacuum Excellem Lubricant may impose limialions Nou Noo applicable
normally when viscuum
applicable | has to be
mainiained
Weiness and | Auention 1o pos- | Normally Normally Normally satisfactory, Satisfaciory
bumidity aibility of mewallic | sstisfactory satisfactory: but special attention 1o
coreosion ix depending on | sealing sealing is perhaps
NECESsAry malerial ad 2 ¥
Radiation Satisfactory Lubcicapt may impose limiations Excellent
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j Condition Gencral comments Thrust bearing type
Rubbing Oil-impregnated Rolling-¢lemem Hydrodynamic Hydrostatic | Self-acting Externally
bearings porous meul bearings fluid film fluid film gas pressurized
bearings bearings bearings bearings gas bearings
Availability of Good o Excellem Good Peor
standard parts excellent
depending
on type
_ﬂﬁ.__.s.. of Pe i i ing
tformance Normally satisfactory. but allention 1o scaling is necessary. except where a Excelfent
contamination can be process liquid can be used as & Jubricant
of product and improved
surtoundings by allowing a
procexs liquid
w lubricate
and cool the
bearing. but
wear debris
may impose
limitations
— |
Tolerance 1o Good Satisfsctory Poor Sarisfactory | Poor Satisfactory
manufacturing
and assembly
inaccuracics
Type ﬂoﬁenn_ Excellem Good Excellent Excellemt
of start-
mation | stops
Unidirec- Suitable
tional
Bidirec- Suitable Some types are Suitable Some rypes | Suitable
nonal suitable are suitable
Oscilla- Unsuiwable Unsustable
lory
—
Running costs Very low Depends on Cost of Nil Cost of gas
complexity of lubricant supply has 10
lubrication system | supply has be considered
10 be
considered
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---------- — Rubbing bearings
= =———— —— Qil-impregnated porous metal beanngs
——— HRolling-elament bearings
; ——=————-— Hydrodynamic ail film bearings
107 =
:- Diameter,
108 £ m {in.)
= Ny 0.5 (20) ‘ _
- 106 ~ - _ — Approximata bursting
- = * speed, sleel disks
105— = .25 (10}
= :“.h"\ hN S -
= RS 125 (5)
- 105 N -
=T . SN N
o = z = ——— \\\\\
— . -
8 = E B “‘\\ o
T 20 - \
g E = ks \\\ )
E w09 2 E oSl
S %= R <
E E B - ! \\ ¢
] I
8 = 109 |
a 8 = fa0A
2 102 s 0.125(5)-) /2
- 05@ 7 X, -
‘025(1)—’ ;
102 0125 (4)~ /- /
10 Z: D08 (a)—+~ £
F /
b /
£ Approximate maximum
10~ Appraximate maximum /\ Y Speed, rolling-elemant
1 = speed, rubbing bearings — \ bearings
1 Lo bbbl 3l otanl 3 ytbbl bbbl bkl |
10-2 101 1 10 102 103 104 2x10%
Fraquency of rotation, rps
Ltotonl vorebbl Cotonid getanbl 1ol 1oty
1 10 102 103 104 105 106

Frequency of ratation, rpm

e b Gl a3 S8 HULL p 0 ol o pes lazal, Y-F S
S by s by Wl e P )y s S e (i Uit i e
ol e azi S B s Sealnag e gEUTY g daye

1y o) groons it )L « (V4PY) ESDE Jhodkal iz iy ¢ ¥-F 1530wl j by

Sl paela Vv el e gl il glgme r ol g a8 das o 0L
0l 0213 DL (5ha i Uy gla g (§0 ¢ 3, S LU il g4l Jas 5 BLL
¢ g i Kl QBB e S g eIV 5l g0 K5y Sl 245 Jar



S ol 8 0ty vy

-Lsg-‘tﬁ*{rt—*—“é“‘f‘ﬁ‘-ﬂbdgwlﬂuiEJJ"J,_)-"J—-“—;‘-!;-E-;J'-:";—"
<58 s il 555 65 e Jale ¢ e gl S b s S AS (sl il
. C-u'la..L.zeahoL:.l' Y-y dJJJ-_)JAS

aije ¥-¥

aSal pLE Sl - g 2 OUBY b a5 n s By o )
30 380ap Lo g pad ¢ QUGL oSIUL rased ¢ Cmlis g Dot ¢ OBLL 1 b 5o
gl g oo e 03 K0 Sl i g0 S UZ 0L Bl wzen OF (LS
b it T 5 013 o TS 1 (g 5T pdd g3 48 U 5 550 B3 (5 o8 prenaiy
Jat o iktina 35l pa (s 8 0 53 Bl plonilay sl ¢ A sled s 53 25 00
ol pleitary o g 4 Wl U8 sledl 05,8 i 50 L 0N g g0 | LBUY gy aile
b St Lplibl ¢ 51l it )8 5 53 45 SULY ol GL8 e cslendes S
0l e teT (LBl .« 308 o eslinal (65,0 IS Olgy 5Ll 2 o9 oy po 2 48 200
ST 3 48 sk yire b (SLgBLIL L L 242 e eabiz ol 35 (5 LS Ol 51T 1o 48
45 (Soaliys 3 )5on Il b (G133 gn aslinal (Soalys 5 )dd yne V1 (6,15 Uy
ks o gbe laesls daly sll 5yt r eslizal Soalus oo IS Ol 51 gl 5o
e s g esbizal s S LS I, 5 OBLL g g il 5 Lazaly Ol pe a2l 5 o
RS Sty pndin S gt ¢l S 3 s ) p5Y 5 e

S ol s L 2n s DB DSl 3 2t 5 S 51 (5,503 kgt
3 s Tl L bLI Y 3 1y Calses (st UL gl g g Lo sl a5 8 e 481 )
Jhad pl 5345 DUGLL 4 b gy s oMl oS 3 a5 iy . Lms e 85l 05 lay ;)
gl 3 (151 0T 031t i 5 OBUL nnlie a5 ol g glataly ) plae 4y st 1)
L3 oyl

Jl ¥-¥
Ol 1) SBLY cilsses g 4 Slgr (510 o o 9 5h s eyl T-F 5 Y-8 Gl Y-F-)



ry DULTL_I ‘TJM'JLsJ;!‘lrL—fJ"L}‘“i

1 i S Ll 5 (g o8 K (510 ) LSS o 6,8+ s e
§aons go sl 3 ealid 25 g0 oo oty 3 )18
:.\:;s;L,.-..-._J'JisL;LF;._.a,,ujs‘stx\,ouuu_;_,_.md,;l Y-f-y
- oty o ael ¢ iy o e ¢ YL il
Cpele s S (G800, O Yl st e o Sl Lo
Nl TOLNIPRTE RV S e
Sl ydoma .u.'._...nr.y)'LS’L.L.L:;SGJLSOU‘,GLQJULJL_JJ;:-SJ_:A:G.&_,: Y-f-v

s b, QG g g ol
Wlo g atlio cauygd  ¥-2

Cameron, A. (1976); Busic Lubrication Theory, 2d ed. Ellis Horwood Limited, Chichester, England.

Engineering Sciences Data Unit (ESDU) (1965): Generul Guide to the Choice of Journal Bearing
Type. ltem 65007, Institution of Mechanical Engineers, London.

Engineering Sciences Data Unit (ESDU) (1967} General Guide to the Choice of Thrust Bearing
Type. Item 67033, Institulion of Mechanical Engineers, London.
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[From Sherrington and Smith (1988)]

Device Resolution Vertwal measurcment Mcasurable
range or depth of ficld area
Lateral Venical
Al lowest | At highext
Lowest | Highest | Eowesl Highest resulution | resolution
Stylus (a) {a) 0.5 gm | Q.00025 pin | 500 am 0.25 gm | Depends on
instrument traverse length:
typically a few
millimeters
Optical light | 2.5 um | 0.1 gm (b} (b} 42 um 0.4 um | Depends on
micToscupe magnification
Transmisson | 2.5 nm | 0.5 nm (c) («) ) nm B0 nm Depends on
electron magnification
MICTOMCUR
Scanning S um 10 nm id) id) 1 mm RPN Depends on
clectron magnihcation
MICFONCOPE

*Not casily delined.

PNt applicable.

‘Approximatcly the samc as Lhe Iateral resolution.
INot available.
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Arithmetic average, R,
um pin.
Processes
Sand casting; hot rolling 12.5-25 | 500-1000
Sawing 3.2-25 | 128-1000
Planing and shaping .8-25 32-1000
Forging 3.2-12.5| 128-500
Drilling 1.6-6.3 | 64-250
Milling .8-6.3 | 32-250
Boring; turning 4-6.3 16-250
Broaching; reaming; celd rolling; 8-32 | 32-128
drawing
Die casting B-1.6 | 32-64
Grinding, coarse 4-1.6 16-120
Grinding, fine 1-.4 4-16
Honing .1-8 4-32
Polishing 05-4 2-16
Lapping 025- 4 1-16
Components

Gears @.25-10 10-400
Plain bearings-—journal (runner) A12-.5 5-20
Plain bearings—bearing (pad) .25-1.2 10-50
Rolling bearings—rolling elements | .025-,12 1-5
Rotling bearings—tracks -3 4-12
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Number of | Name | Formula | Boiling | Specific| Physical
carbon point, | gravity | siate at
atoms *C NTP=
1 Methane | CH, -161.5 | —-—- Gas
2 Ethane | C,H, ~88.3( —--un
3 Propane | C4H, —44.5 | -aemm
4 Butane CsHypo ~5| ——— L
5 Pentane | C4H\y 36.2| 0.626 | Liquid
6 Hexane CQH;‘ (7] 660
7" Hm C,H“ ’ 98.4 .684
8 Octane C.Hu 1258 1704
9 Nonane | CoHy, 1506 718
10 Decane | CpHpy 174 130 v

"Normal temperature and pressure.

1- Specific gravity 2- Homologous series
3- Pugh
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Alkane or CHap e Mecthane (CH,)
paraffin

Olefin or C.Hs, Ethylene (C;HY
alkene

Acetylenc or | C Hy,_; Acetylene (C;H5)
alkyne

Cycloparaffin | C H,, Cyclopentane (CsH o)
or naphthene

Aromalic C.Hay—g Benzene (C,Hy)
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Petroleum Boiling | Mumber of

product point carbon
range, atoms
'C present

Matural gas <32 1-4
Gasoline 40-200 4-12
Naphtha 50-200 7-12

(benzine)

Kerosene 175-275 12-15
Fuel oil 200-300 15-18
Lubricating oil >300 16-20
Wax >300 20-34
Asphalt Residue Large
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Number of Hydrocarbon Fatty acid
carbon atoms
in molecule Formula Name Formula Chemical name | Common
name
1 H.CHy or CH, Methane H.CO,H Methanoic Formic
! H.(CH;).CH; or C;H, | Ethane CH,.CO,H Ethanoic Acetic
] CH;.{CH,)CH, Propane CH,.CH,.CO,H Propanoic Propionic | .
4 CH;.(CH;),.CH,4 Butane CH,.(CH;);.CO,H | Butanoic Butyric
6 CH,.(CH.),.CH, Hexane CH,.(CHa).CO4H | Hexanoic Caproic
8 CH;.(CHa).CH, Octane CH,;.{CH;)s.CO,H | Octanoic Caprylic
10 CH,.(CH3).CH,4 Decane CH;.(CH3)y.COH | Decanoic Capric
12 CH,.(CHa}y5.CH, Dodecune CH;.{(CH3},9.CO;H | Dodecanoic Lauric
14 CH;.(CH,),3.CH,4 Tetradecane | CHy.(CH;)y3.CO;H | Tetradecanoic | Myristic
16 CH;.(CHy)14.CHy - Hexadecane | CH,.(CH;)},4.CO;H | Hexadecancic | Palmitic
18 CH,4.(CHj)4.CH,4 Octadecane | CH,.{CH;)4.CO;H | Octadecancic | Stearic
20 CH;.{CH;),5.CH; Eicosane CH,.{(CH;),3.CO4H | Eicosannic Arachidic
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i6 Palmitaleic | Hexadee-9-enoic CH;.(CH,)5.CH:CH.(CH});.COH
18 Oteic Ocladec-9-enoic CH;.{CH)7.CH:CH.(CH;);.CO;H
Ricinoleic 12-Hydroxyoctadec-9-cnoic | CH;.(CH,)y.CH(OH).CH;.CH:CH.{CH;);.CO,H
j Linoleic Ociadeca-9: 12-dienoic CH,.(CHa)(CH:CH.CH,),.(CH4),.CO,H
Linolenic Octadeca-9:12: | 5-irienoic CH,.CH,.(CH:CH.CH;);.(CH,),,.COH
20 Arachidonic | Eicosa-5:8:11: 14-1etracnoic | CHy.(CH,)y.(CH:CH.CHs),.(CH3),.CO,H
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n=004N " s/m? = (0.04)1.45 x 10 * Ibf - s/in” = 5.8 X 107 Ibf - 5/in?
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7=00N-s/m*=004Pa-s=258x 10 % reyn
1 =004 N s/m? = (0.04)(10°)cP = 40cP =04 P 3

Cod ok 51y -F-F Jyom

To convent To-
from-
cP kgf s/m? N s/m? Ibf s/in.?
Multiply by-

cP | 1.02x10-¢ 10-3 1.45x10-7
kgf s/m? 9.807x 10° 1 9.807 1.422x10-3
N s/m? 108 1.02x10-! 1 1.45x10-%
Ibf sfin.? 6.9x102 7.03x102 | 6.9%10° 1




¥ IJ.'.'SOUJUA’U"_rJ'L‘a;J_ﬁi

iledw oy P-4
. ';--")5&'-"‘,)J&*Qﬂdbﬁﬁlﬂe—'ﬁkﬂj‘ﬂu&Jé‘yﬂg‘-:"'.)-’
Do T 5 ) ge 4 T Slats 2 3
absolute viscosity n N -s/m?

K force density g N-s*/m? me/s

‘ rﬁ-c.r..}'l) SIJ"J‘..:—:-HJ) . '—'—-'ldl:_-—'cﬂ-l"br’.!"";’." «.p‘ JL:...-&:.:...JB

IS S aln ¢ o e SAS Sy cnd [(kg), /'] anSa 20 0 p S 5bS
Py il 4S5 S b gy i g 4 Ol o by g S S el Rl o
Do -.L.:L(NSzfma)‘)lia‘-a‘jbﬂjcf&:;ud'”wx ‘ SIJ:-U(..:....:..-J)

(kg)mas N - 8°

m? m*
P =p (F=0) oul iy
P’ = p o 4ty (kg), ./ m’ ¢ Ol pas

p= g 4eils (N 8* /)

oo o sty s oo Satena T s ¢ (FF) ol 3 0 als G
lagsle Solean con J sladsly L Ll e il
() B mapa et STglady -
. (st)ﬂ,:..]rl.;a.,(cmz/s)a.,il.:_,.!c_,-;.-‘_,:sl..u Dogs gladady -Y
L0’ /)4l o i) § el glatery =¥
0 N s 93 Slaleed Sl b STy Gl o 33 ) LS TV i
S Gt AT ¢ o gt 0 o 3 LS LI L s e DL el (5 LS 0Ly
(SIS Olp 3 dmilomn (51 Gl o 1 il GRaT 5 Las 531 St e
oS 0V aLs £ g0l e SLELLL L DL )3 (Salia g saon p 2Nl
e sty cda by Sl AL T ) g 4 Ol 0|y Silars - ay
o330 e T LAeiS Gl 5 038 pasniia 53 O jlesbind ol iy 3 S



JCw b s A8 015, vY

Ls ialgil b stlan 5 ebtbem Consd gt 151y =¥-Y Jyn

Temper- Paraffinic base oil Naphthenic base oil
ature -
Tt Kinematic | Absolute | Viscosity | Kinematic | Absolute | Viscosity
C viscosity, | viscosity, | difference, | viscosity, | viscosity, | difference,
Mir 71, A, Mgy LY ﬂ.
mm?/s mPa s percent mm?/s mPFa s percent
0 287 253 13.4 1330 1245 6.8
20 78.4 68 15.3 218 201.0 8.5
40 30.2 25.8 17.1 60.5 55.0 10.0
60 14.7 12.33 19.2 23.6 21.2 11.3
&0 8.33 6.91 20.5 1.6 16.2 13.7
100 53 4.32 22.7 6.66 5.80 14.8
120 3.65 2.93 24.6 4.27 3.66 16.7
150 2.33 1.83 21.3 2.53 2.12 19.3
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p_\# (¥-9)
log 7 + 1.200 = (log n, + 1.200 [1 + -——)
(log n, ) 3000
Loz iy i 5L 55 OVl tlilern b (slsns) ~F-A Jyan
[CVAV0) o1 B s sipm 51
Fluid Temperature, ¢, *C
38 » 149 38 ¥ 149
Absolute viscosity Kinematic viscosity at p = 0,
atp=0, s
oy ms
cP
Advanced ester 253 475( 2.06 [ 2.58x10-%|0.51x[0-5 |0.23x10-5
Formulated advanced ester 276 496 2.15 | 2.82 .53 24
Polyalkyl aromatic 255 4.08] 1.80 ) 3.0 50 .23
Synthetic paraffinic cil (lot 3) 414 M3 (109 493 4.26 1.4
Synthetic paraffinic oil (lo1 4} 315 M7 (10,1 |47 4.04 1.3
Synthetic paraffinic oil (lot 2) 0 320 | 993 (442 4.0 1.2
plus antiwear additive

Synthetic paraffinic oil (lot 4) plus 375 M7 (100 |47 4.04 1.3
antiwear additive
C-cther 295 467 220 2.5 41 .20
Superrefined naphthenic mineral oil 68.1 | 686f 2.74 | 7.8 .82 k]
Synthetic hydrocarbon (traction fluid) | 34.3 353 1.62 | A .40 19
Fluorinated polyether 181 202 | 668 9.66 115 4

i - Reynolds
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Fluid

Manufacturer

Designation

Advanced ester

Formulated advanced
ester

Polyalkyl aromatic

Synthetic paraffinic
oil (lot 3)

Synthetic paraffinic
oil (lot 4)

Synthetic paraffinic
oil (lot 2) plus
antiwear additive

Synthetic paraffinic oil
(lot 4) plus antiwear
additive

C—ether

Superrefined naphthenic
mineral oil

Synthetic hydrocarbon
(traction fluid)

Fluorinated polyether

Shell Oil Co.
Shell Qil Co.

Cont‘inental 0il Co.
Mobil Oil Co.

v

Monsanto Co.
Humble Oil and
Refining Co.

Monsanto Co.

DuPont Co.

Aeroshell turbine oil
555 (base oil)

Aeroshell turbine oil
555 (WRGL-358)

DN-600

XRM 109-F3

XRM 109-F4

XRM 177-F2

XRM 177-F4

MCS5-418
EN 2961
MCS-450

PR 143 AB (lot 10)

\24

log:]ogm:.J_ﬂ.h:..-l.‘-t-‘ol.:..(_-jl.;rk__)tﬂ sl o8
n=cP. Gl o)

p=cPocables yp=0,Glhscas

p=(kg),  Jem' ¢ gy Lt

Z = da O b U S ¢ JLE e Y il
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n Ne 1={h+pe)
7= (X (F-1)
Mo Mo
: l'JT_)J iy
Me = 6.31 X 10°° N - s/m? (9.15 x 10° ibf - s/in?)
¢, =196 X 10° N/m? (28,440 Ibf/in?)
103 s 33 ¥l 511 ) Sl ¥ i
LOVAY0) olSs 5 5oy 51
Fluid Temperature, {,. *C
38 99 149
Pressure-viscosity coefficient,
£
m/N
Advanced ester 1.28x10-8% [0.987x10-3 [0.851x]0-%
Formulated advanced ester 1.37 1.00 874
Polyalky! aromatic 1.58 1.25 1.01
Synthetic paraffinic oil {lot 3) 1.77 1.51 1.09
Synthetic paraffinic oil (lot 4) 1.99 1.51 1.29
Synthetic paraffinic oil (lot 2) plus 1.81 1.37 1.13
antiwear additive
Synthetic paraffinic oil (lot 4) plus 1.96 1.55 1.25
antiwear additive
C-cther 1.80 980 795
Superrcfined naphthenic mineral oil | 2.51 1.54 1.27
Synthetic hydrocarbon (traction fluid) | 3.12 1.7 939
Fluorinated polyether 4.17 324 3.02

1- Jones
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Fluid Temperature, ¢, *C

38 99 149 38 99 149

Dimensionless viscosity-pressure index,

z,

From Jones et al. (1975)

From equation (4-12)

Advanced ester

Formulated advanced ester

Polyalky! aromatic

Synthetic paraffinic oil (lot 3)

Synthetic paraffinic oil (lot 4)

Synthetic paraffinic oil (lot 2) plus
antiwear additive

Synthetic paraffinic oi! (lot 4) plus
anliwear additive

C-ether

Superrefined naphthenic mineral oil

Synthetic hydrocarbon (traction fluid)
Fluorinated polyether

0.48
49
55
43
44
43

44

72

.67
1.06
.n

0.48
47

E&rY

.50
.67
85
.79

0.48
49
.55
.39
47
43

45
.50

.64
.69

.80

0.42
44
.52
40
A5
41

4

57
1
97
1.03

0.45
45
.59
.47
47
43

48

45
54
.83
1.10

0.48
49
59
42
50
44

48

44
.66
.57
1.27

£
Zl =
(1/¢,)(Inny — Inm)
1 1 2 -9 .2
:, —mm/N-S.IXIO m-/N

Inm, =In(6.31 X 107N - s/mz) = —-067

£

Z;

T 51X 107 (Inm, + 9.67)
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Temperature, | Mass density, | Specific Kinematic Thermal Thermal
[ " heat,” viscosity, conductivity, | diffusivity,
‘C kg/m? C. = n/p, K, a, = K;/p*C,,
kl/kg *C mi/s Wim *C mé/s
Glyccnn (C;Hs(OH);)
0 1276 2.261 | 0.00831 0.282 0.983x 107
10 1270 2.319 .00300 .284 .965
20 1264 2.386 00118 .286 947
30 1258 2.445 .00050 .286 929
40 1252 2.512 00022 286 914
50 1244 2.583 00015 287 393
Ethylene glycol (C H(OH).)
0 1130 2.294 | 57.53x10-% 0.242 0.93x10-7
20 1116 2382 |19.18 .249 939
40 1101 2474 | 8.9 .256 939
60 1087 2.562 | 4.75 .260 932
80 1077 2.650 | 298 .261 921
100 1 058 2742 | 2.03 .263 908
Engine oil (unused)s
0 8% 1.796 | 0.00423 0.147 0.9t1x10~7
20 288 1.880 .00090 .145 272
40 876 1.964 .00024 144 .84
60 864 2.047 .839x10-4 .140 .300
80 852 2.131 A75 138 769
100 840 2.219 .203 137 738
120 828 2.307 124 135 710
140 816 2.395 080 133 .686
160 805 2,483 056 .132 663

1- Winer and Cheng
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Temperature, | Mass density, | Specific Kincmatic Thermal Thermal
oy o', heat. | viscosity, conductivity, |  diffusivity,
‘c k‘fl‘l‘l] CP- n- nip, Kf' o, = KI’.G'C ,
ki'kg *C mi/s Wim *C mi/s
Mercury (Hg)
0 13 628 0.1403 | 0.1240x [0-6 8.20 42.9x10-7
20 13 519 1394 1140 8.69 46.06
50 13 505 1386 .1040 9.40 50.22
100 13 384 1373 0928 10.51 57.16
150 13 264 1365 0853 11.49 63.54
200 13 144 1570 L0802 12.34 69.08
250 13 025. .1357 765 13.0 74.06
1ss 12 847 1340 0673 14.02 81.50
Diester
30 210 193 | commmmemmme 0.151 0.860x 10~
Phosphate ester
30 1 060 [ 0.125 0.670x 107
Polyglycol
30 1 000 197 | e 0.152 0.7712x10-7
Polyphenylether
30 1180 | 180 | e—mm—me- 0.132 0.621x10-7
Dimethyl silicone
30 " 9% 142 | —m——emmmee 0.142 1.03x10-7
Chlorofluorocarbon
30 1 900 122 | ——emmmemeemee 0.059 0.298x10-7
Fluorinated polyether
30 1870 0% | —e—————— 0.093 0.518x10-7
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1- Organic esters 2- Diester
3- polyol esters 4- Polyglycals
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Class Property*

Viscosity- | Liquid Low- Thermal | Oxidative | Hydro- | Fire | Lubri-] Bulk Vola-| Radiation | Density | Handling
temperature | range | temperature | stability | stability Iytic resist- | cating | modulus | tility | resistance and
relationship properties siability | ance | ability storage

Peiroleum oils G G G F F E L G A A H L G
Superrefined pe- E G G E L H L
troleum oils
Synihetic hydro- G G G E L H L
carbons
Organic esters G E F F A A A
Polyglycols G G F G L A A
Polyphenyl esters P G P E G E H A H H
Phosphate esters, G G G F G F H H A L H
alkyl
Phosphate esters, F P P G G F H " H L H r
aryl
Silicate esters and E E E F P L F A A A F
polysiloxanes
Silicones E E E G G L P L L A G
Silanes G G G F E L F A H L G
Halogenated poly- G F G E H G H H H G
aryls
Fluorocarbons F F ﬁ G -F H P L A H F
Perfluoropolyglycols F G G G H G L A L H G

*Ratings: E = excellent, G = good, F = fair, P = poor, H = high, L = low, A = average.
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1- tetrafluoroethylene
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1- Perfluoropolyglycol
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1- Anhydrous-calcium soap
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1- Polyureas 2- Bentonite
3- Hectorite
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Thickener Grease Textute Dropping Water | Mechanical | Maximum | Relative
solid, point resistant stability tempera- cost*
percent of ? ature for
total ‘F *C confinuous
use
*F| °C
Soap base:
Lithium 59.2 Smooth to butiery | 375 190 Yes | Fair to good | 250 [ 120 3
Calcium: 17.0
Hydrated 9.0 Smooth 190 88 Poor to good } 150 | 65 2
Anhydrous 38 Smooth 2% - (143 Fair to good | ~-- | --- 3
Complex 3.8 | Smooth 500+ | 260+ Poor to good | 300 | 149 5
Sodium 5.0 Bunery to fibrous | 360 182 Ne Fair to good | 250 | 120 1
Aluminum: 6.0
Normal 4 Smooth 1180 .1 Yes Poor to fair | 150 | 65 2
Complex 5.6 Smooth 480 249 Fair o good | 300 | 149 4
Barium 26 Buttery to fibrous | 400 | 204 Good 250 1120 4
Nonsoap base:
Clay 2.8 Smooth 500+ | 260+ Fair to good | 300 | 149 4
Polyures 23 Smooth 470 |43 Good 300 | 149 5
Other 49 | Smoom 470+ |3+ | | Fair 10 good | 300 [149 | 3

*Cost: 1 = low; 5 = high.
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Liquids
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Glycerine 18104 | 1.25x 10— [.06 SAx103| 3.54x10-2
Olive oil 849105 1.227x10~5| 1. M4x10-1| 44x103 ) 2.10x10-:
Lubricating oil B.O2x10-5| 4.44x10~3 5.54 4.7x100 | 1.83x10-?
Water 9.33x 1075 | 1.46x10-7( 1.56x10-3 | 9.32x103 | 7.50x 101
Gases
Air 11Sx10-7 2.62x10-% | 2.28x10~7 | 2.24x103 | 3.22x10-?
Helium L6Ix10-% | 2.85%10-%| L.77x10-! ]| L1Tx1OP 24x10-2
Hydrogen 8.08x10-?| 1.3Ix10-%] 1.62x10~'| 3.20x10% | 2.29x 10!
Nitrogen 112x1077 | 2.56x 10~ | 2.28%10-2| 2.32x108 | 3.11x10-?
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Bearing metsl Brinell hardness mumber Losd-carrying capacity Muimum Fuligue | Antiseinuret | Conformability
perating gt property wd
Room 49 "C (M0 °F)| MM pei emperabure embeddabrility®
temperanre : .
‘C *F

Tin-base babbin 20-30 &2 3.5-104 | 300-1300 149 300 3 1 L
Lead-base babbiti 15-20 &12 35-82 $00- 1200 149 300
Alkaii-hardencd Jead 2-26 1n-17 8.3-10.4 | 1200-1300 | 260 300 J [ l
Cadmium buse 0-40 13 10.4-13.8 | 1500-2000 p. ] 500
Copper lead 0-30 20-23 10.4-17.2 | 1500-2500 | 177 % 1 2 p
Tin bromze 50-80 &@0-70 >11.6 > 4000 20+ 500+ 1 3 3
Lead broaze 40-T0 40-60 20.7-31.1 | 0043500 | 232-2¢0 | 450-500 1 L)
Phosphor bronze 75100 63-100 >276 > 4000 260+ 500+ 1 3
Aluminum slloy 4350 40-43 >17.6 > 4000 107-149 | 225-300 2 2
Silver (overplated) il 2% >17.6 > 4000 260+ 300+ 1 T2 4
Copper-nicksl mmrix 10 7 13.8 2000 T %0 2 1 2
Teirnetal and plutad (b) ®) »>17.4 >4000 | JOr-149 | 223-300
Grid type >27.8 >4000 | 107-149 | 123300
Thin bubbin overlay,

0.031-0.178 mm

{0.002-0.007 in.) 134 2000 149 300
Conventional babbitt

overlays, 0.51 mm '

{0.020 is.) 10.4 1300 149 300

*This is an arblirary scale with 1 belng the highast rating

Appromimately 1he same 23 the BebbAm.
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Alloy | Tin [Amimm, Lead | Coppe—rl Arsenic | Specific [ Tin | .\nnmo-ﬂ Lead ICnWer 20 *C (68 *F) | 100 °C (212 *F)
mmberd gravity©
Specified nominal composition of alloys, Composition of alloys lested, Yield pointt
percent percent

MPr | i MPa i
N $.0 4.5 45 -—— 1M [ 0.9 4.52 None 4.56 30.3 | 4400 1a.3 21650
2 B9.0 13 13 ——— 1.3 | 8%.2 T4 0.03 3l 42,0 | 6100 0.6 3000
k] B4.0 80 ——————— 8.0 —— T46  §3.4 8.2 .03 8.3 453 | o800 21.7 3%
7 t0.0 15.0 Remainder —— A5 973 | 10.0 14.5 15.0 1 5 3550 11.0 1600
& 3.0 15.0 Remainder - A5 10,04 32 4.9 9.4 .14 3.4 M0 12.1 1730
4] 1.0 160 Rerrainder aa— 1.0 003 | - ——— ———-= ——— e | m—— —— —

Alloy |20°C (68 "F)| 100 "C (212 'F) |20*C (68 *F)| 100 "C (212 *Fy| 20*C | 100 *C | Melting Temperature Proper
number® 63 'F | 212 °F)| poim of complete pouring
Johnson's apperent efamic Ultimane strength in compreasion” liquefacti tempersiure
limite Brinel] hardneswt | °C | °F
MPu| pal | MPa | pui 'C ‘F ‘C | 'F
MPx | pi MPa psi MPa pl ’

1 169 | 30| 1.2 1050 88.6| 12850 479 L] 80 170 | 223 433 00 L] L]

2 220 | K| Te 1100 | 1027 (14900 ( 60.0 | &M00 120 245 | 11| 466 I o0 | 44| ™
k] 80| 3| 90 10 [121.3 (176000 683 | %900 4.5 70 | 0| 48| 42 w91 NS
? 17.2 | 2500 9.3 1350 | 1079 (15650 | 424 | 6150 10.5 213 | 0| 464 | 268 54 N | &0
3 13.3 | 2630 8.3 1200 |tOT.6( 15600 | 414 6190 9.5 00 (237|459 In m M L]
15 P IRl TS (P [EOV ) BT Y B L 13.0 0 |48]|4W | 201 538 | 350 | &2

*Compression test specimens were cylinders 1.5 in. (38 mm) in length and 0.5 in. (13 mm) in diameter, machined from chill castings 2
in. (51 mm) in length and 0.73 in, (19 mm) in diameter. The Brinell 1ests were made on the bottom of parallel machined specimens
cast in a mold 2 in. {51 mm) in diametier and 0.625 in. (16 mm} deep at room lemperature.

®Data not available on alloys 11 and 13.

“The specific gravity multiplied by 0.0361 equals the mass density in pounds per cubic inch.

“The values for yield point were taken from siress-strain curves at & deformation of 0.125 percent of gage length.

“Johnson's apparent elastic limit is taken as the unli stress at the point where the slope of the tangent to the curve is two-thirda its
slope al the anigin.

"The ultimate strength values were taken as the unit load necesary to produce 8 deformalion of 25 percent of the specimen length,

¥ These values are the average Brinell ber of three imp b on each alloy, using a 10-mm (0.39.in.) ball and a 500-kg {1102.3
Ib) load applied for 30 5.

Fogisms salianl 3l 53 WIWT pliacd S5 -0-F Jyus

Elemem Alloy numbere?
Tin base Lead base
! | 2 | 3 | 11 7 [ ] | 13 | 15
Chemical compositwn, percent

Tin 50.0-92.0 | 88.0-90.0| £3.0-85.0 | 86.6-89.0( 9.3-10.7 4.5-5.8 15-635 0.3-1.2
Arntimony 4.0-5.0 7.0-8.0 7.3-8.3 6.0-7.5 14.0-18.0 | 14.0-180 ( &5-10.5 | 14.5-175
Lead il 38 s 50 Remaind Remainder | Remainder | Remaind
Copper 40-50 { 3040 | 7.3-85 | 50635 30 50 .50 K1
Iron .c8 .08 1] 08 10 .10 0 .10
Arsemic .10 .10 10 10 . M- .60 .J0-.60 .25 8-1.4
Bismuth cd .08 08 08 .10 .10 10 .10
Zinc .003 005 00% .00 005 003 .00s .005
Aluminum .005 .08 00s .00 005 005 .003 008
Cadmium (L] .o as 08 .08 .08 .o .08
Total named .80 99,80 49.80 93.30

elemens,

miBimum

"All valucs not given ai ranges arc maximum unless shown otherwise.

"Allny 9 was discontinued in 1946 and 4, 5, 6, 10, 11, 12, |6, and 19 were discontinued in 1959. A new
number 11, similar W sae grade 11, was added in 1966.

“To be determined. by differsaes
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Designation Material Cu| Sn| n:| Zn[ FeTAI Brinll | Tensile | Maximum Maximum
hardness |  strengih OpeThling joud
Nominal composition, number, temperature
percem BHH MPx | ksi MPa ksi
, < | °p
SAE 480 Copper lead 65| --|38| | —|-- 1] 552 B|IT7 3% 138 |2
AMS 4840 | High-lead tin bronze | 70| S| 25| -- | -- | -- 48 | 172.5| 25| 204+ | 400+ | 20.7+ | 3+
SAE 67 Semiplastic bronze (78| 6] 16] - | - [ -- $5 | 207.0| 30| 232 | 450 | 20.7+ |3+
SAE 40 Leaded red brass 5| 8| s| s ||~ 60 |241.5] 35| 232 | 4% | 242 |18
SAE 660 Bromze Bl 7 13- 60 | 241.5] 35| 232+ | 430+ | 16 |4
SAE 64 Phosphor bronze || 10| -—-|-|- 63 | 241.5| 35| 292+ | 430+ | 276 |4
SAE 62 Gunmetal 88| 10| -] 2 (|- 65 [ 310.5] 45| 260+ | 300+ | 276 |4
SAE 520 Navy G 88| 8| | 4| -—|-- 6 |[276.0| 40| 260 [ 300 | 276+ 4+
SAE 63 Leaded gunmetal 88|10 2| —| -]~ W0 |2760| 45| 260 | 300 | 27.6+ |4+
ASTM B148- | Aluminum bronze BS| | | —| 4] 1b] 195 |621.0] 90) 260+ | 300+ | 3.1+ 43+
52-9¢
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Material Load-carrying | Maximum | Maximum | PV limi
capacity temperature speed
MPa psi |*C | °F lgs fUmin
Carbon graphite 4.1 600|399 | 750 | 12.7 | 3500 | 1S 108
Phenolics 414 | 6000( 93 | 200 | 12.7 | 2%00 | 18
Nylon 6.9 L000| 93| 200 5.0 1000 [ 3
#7FE (Teflon) 34 500 (260 | 500 S 100 1
Reinforced PTFE 17.2 2500|260 ( 500 | 5.1 1000 | 10
PIFE fabric 414.0 | 60 00G| 260 | 500 25 50 [ 25
Polycarbonate (Lexan) 6.9 1000) 104 | 220 | 5.1 1000 | 3
Acetal resin (Delrin} 6.9 1000] 82 | 180 @ 5.1 1000 | 3
Rubber 34 50| 66| 150 | 7.6 | 1500 |15
Wood 13.8 2000 66| 150 [ 10.2 | 2000 | 15

P = load (psi); V = surface speed (ft /min).
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Bearing Type! Size range Fabric wesgin Resin, | Lubricant Dismetcal clearance® Principal reasons for using
wpplication percent Iami phenolic bearing
mm in. pm ar/yd mm in. material
Roll neck (e) 76-162 3-M) | a866-1552 | 15-30| 40-60 | Water or o0-13 0~0.5 | Longer life, power saving
emulsion due to lower friction,

lower-cos water lubrica-
tiom, greater cleanliness
of operalion, better hold-
ing of gage due to lesa
water

Ship, siemn ) Te-660 3-16 48 1 60 | Waler 0.00L/mm 0.001/in. | Longer life, greater ease
whe dimmeter diamter of handling and installing,

aver |27 mm | over 3 in. | higher load-carrying uan
city particularly with
impect loads, lower fric-

Rudder, pinile | (a),(d} | 76-660 | 3-26 | 93-248 3-8 | 53680 | Gresse or | 0.00)/mm 0.00Vin. | 1tiom, greawer cormosion

water diameser diameter and decay resistance,
over 127 mm [over 5 in. | lower journal wear,
greater jocal availability

Smwll craft, {c) 13-7& 5-3 248 8 60 | Waler A7 008
stern rube

Centrifugal @), | 132101 | 54 | 93248 35| 60 |Pumped 127 005 | Longer life, berter lubrica-
pump [©) liquid tion with pumped liquid

{wmer, gucline, chemical
solutions, eic.)

Water wheel 1) 102-610 4-24 48 ] &0 Water a7 005 Longer life, lower friction,
turbine, ne decay, less journal
guide bearing wear

Ball mill {@)de) | IBI-1219 | 1549 | 202466 | 6.5-15 | 55-80 | W4ter or .381-.762 .015-.030 | Longer life. higher load-

emulsion carTying capacity, lower
of wwer {riction, lower lubricant
and Cost

gremse

Aircraft, () 51-381 -2 9 3 & |0l 0.0G1/mm 0.001/in. [ Lighter weight, satisfactory
Tanding gear di di di wnal mability and

over 127 mm | over 5 in. | losd-carrying capacity

Railway, Molded | -~—-~axa -— flir] 63 S1 | Grease ———eememnn | awre———— Longer life, lower noise
bolster cup one and vibration trantmission

*See figure 5-1.

®Running clearance, does not include allowance for swelling.
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Designation C P S Mn | Si Cr v W | Mo| Co| Cb | Ni
{max) | {max)
Alloying element, wt %
SAE 52100 1.00| 0.025( 0.025| 0.35] 0.30| 145 —| —=| -—| o] o] =
MHT® 1.03| 025 025 35| 35| 150 -—| -—| -——| —| ——| -=
AlISI M-1 80| .030| .030( .30| .30| 4.00( 1.00| 1.50( B.OO| -—| -—-] ——-
AISI M-2° .83 300 30| 3.85| 190 6.15| 5.00| —| —| ——
AISI M-10 .85 25( 30| 4.00( 2.00) -—| B.OO| ——| ——] ——
AlSI M-5¢° .80 30| 25(- 4.00| 1.00| ---| 425 ——| ——| -—-
T-t (184-1) g0 30| 28| 4.00| 1.00| 18.0| ---| ——| | ——
T15 1.52)| .0t0| .004| 26| 281 4.70, 490 12.5| .20 S5.10| -—| ——
440C* 1.03( .018( .Ot4| 48| 41| 17.30| .14| -—-| .50| ———| -——-| ___
AMS 5749 115 .012| .004| .50 30! 14.50| 1.20| --—-| 4.00| ——o| _——| -__
Vasco Matrix Il 531 0141 0130 12 21 4.13) 1.08] 1.40| 4.80) 7.81] -——| 0.10
CRB-7 1.10| .016| .003( 43| 31| 1400 1.03| -—--| 2.02| -—| 0.32| ——-
AlSl 9310° Jdof .006| 001 .54 2B L8| -—-| —eu| 11| ——| ——o| 3.1%
CBS 600° A9 .007| 014) 61| 1OS| 150 ——| -] 84| -——| .| I8
CBS 1000M°¢ 4| 018 019 48| 43| 112| | —ac| 477 —| —| 204
Vasco X-2° A4 010 011 24| 94| 4.76| 45| 140( 1.40| 03| —| .10
*Balance, iron. ‘
®Also containg 1.36% Al 0
“Carburizing grades.
2
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04 Metals Potymers Caramics
1 T - - v —
e Lead
" Copper
Steels
Cast iron
Zinc alloys
Sintered iron
o —
E . Alumina
(=] i
4 H
" ] Aluminum-tin Silicon nitride
= 1 Silicon carbide
‘@ ' Aluminum
=
L
o
[’z
v
L
=
Magnasium
T Silicone rubber Graphile
Acelal
Phanol formal-
dehyde
Nylon
b Naturai rubber
102 =, Polyethylene
8 x 102
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1- Poisson’s ratio
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I- Young’s Modulus



Il b OB Oy,

JUIJLGJ P L‘S—_—llﬂ_g |Lﬂd.h_J_,$ Nt L".JI_;U P L:._.._.;].'ﬁ -0-A J}J-‘I'

Material Mass density, o*
kg/m? Ibm/fin.3
Metals:
Aluminum and its alloys* 2.7x108 | 0.097
Aluminum tin 3.1 11
Babbiu, lead-based white metal | 10.1 .36
Babbiut, tin-based white mesal 7.4 .27
Brasses 8.6 31
Bronze, aluminum 7.5 27
Bronze, leaded 8.9 .32
Bronze, phosphor {cast)® 8.7 31
Bronze, porous 6.4 .23
Copper 8.9 32
Copper lead 9.5 34
Iron, cast 74 .27
Iron, porous 6.1 22
Iron, wrought 7.8 .28
Magnesium alloys 1.8 065
Steelsc 7.8 .28
Zinc alloys 6.7 .24
Polymers:
Acetal (polyformaldehyde) 14 051
Nylons (polyamides) 1.14 041
Polyethylene. high densiy .85 034
Phenol formaidehyde 1.3 047
Rubber, naturalt 1.0 036
Rubber, silicone 1.8 065
Ceramics:
Alumina (ALO;) 39 .14
Graphite, high strength 1.7 061
Silicon carbide {SiC) 2.9 .10
Silicon nitride (SiyN,) 32 12

*Structural alloys.

"Bar stock typically 8.8 X 10* kg,/m® (0.30 Ibm /in.%).
°Excluding “refractory” steels.

%Mechanical” rubber.
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Metals Polymears

Cast iron

{' Brass, bronzs
Aluminum
Zinc alloys
Magnesium alloys|

dehyde

Acotal
Nylon

Polyethylene

Medulus ot elasticity, E, Pa

Phenol formal-

DY 1 o iy b

Ceramics

Carbides
Alumina

Graphite
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Maierial

Modulus of elasticity, £

Metals:

Aluminum

Aluminum alloys®
Aluminum tin

Babbitt, lead-based white metal
Babbitt, tin-based white meral
Brasses

Bronze, aluminum
Bronze, leaded

Bronze, phosphor

Bronze, porous

Copper

Iron, gray cast

Tron, malleable cast

Iron, spheroidal graphile?
Iron, parous

Iron, wrought

Magnesium alloys

Steel, low alloys

Steel, medium and high alloys
Sieel, stainlessc

Sieel, high speed

Zinc alloysd

Polymers:

Acetal {polyformaldehyde)
Nylons {polyamides)
Polyethylene, high density
Phenol formaldehyde®
Rubber, natural’
Ceramics:

Alumina (ALO;)

Graphite

Cememted carbides

Silicon carbide (SiC)

Silicon nitride (Si3N,)

GPa MIbf/in.2

62 9.0
70 10.2
63 9.1
29 4.2
52 7.5
100 14.5
117 17.0
97 14.1
110 16.0
60 8.7
124 18.0
09 15.8
170 4.7
159 13.1
80 1.6
170 24.7
41 59
196 28.4
200 200
193 28.0
212 30.7
50 7.3

2.7 .39

1.9 .28

9 A3

7.0 1.02

004 0006

390 56.6
bi 39
450 65.3
450 65.3
314 455

*Structural alloys.
®For bearings.

¢ Precipilation-hardened alloys up 10 211 GPa (30 Ibf/in.2)

4Some alloys up 1o 96 GPa (14 Ibf/in.2),

“Filled.

f25-Percent<carbon-black “mechanical” rubber.
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Material Poisson's
ralio,
r
Metals:
Aluminum and its alloys* 0.33
Aluminum tin _——
Babbiti, lcad-based white metal ———
Babbhitt, tin-based white metal -——
Brasses X )
Bronze 33
Bronze, porous 21
Copper 13
Copper lead ———
Iron, cast .26
Iron, porous .20
Iron, wrought .30
Magnesium alloys 33
Steels 3o
Zinc alloys .27
Polymers:
Acetal (polyformaldehyde) -
Nylons (polyamides) 40
Polyethylene, high density a5
Phenol formaldehyde ————
Rubber 50
Ceramics:
Alumina {A)04) .28
Graphite, high strength -—
Cemented carbides 19
Silicon carbide (SiC) 19
Silicon nitride (Si3Ny) 26

“Structural alloys.
G s ol g i 05
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2x10-14

Linear thermal expansicn coefficient, &, 1/K

10-4

10-5

10-%

]

f

Metals

Zinc
Magnesium
Aluminum
Brase, copper
Most bronzes

Babbitts
Steel

Leaded bronze
Cast irons

Sintered iron

Polymers

Polyethylene
Silicone rubber
Natural rubber
Acetal, nylon

Nitrile rubber

Phenol formal-
dehyde

Ceramics

Alumina
i Silicon carbide

Sillcon nitride

Graphite

3 by i S gl e e Bl g e il —0-F (S

(392°F 5 68) 200°C &5 20 has o3 pimn s Y&kerl e
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{ Muserial Linear thermai expansion |
coelfciend, a
1K 1*F
Metals:
Aluminum 2Ix 1078 12.8x10~¢
Aluminum alloys 24 13.3
Aluminum tin 24 133
Babbir, lead-based white metai | 20 1
Babbitt, tin-based white metal f) 13
Brasses 19 10.6
Bronzes 18 10.0
Copper 18 10.0
Copper lead 18 10.0
Iron, cast It 6.1
Iren, porous 12 6.7
Iron, wrought |1 8.7
Magnesium alloys ] 27 13
Sieel, alloy® 1l 6.1
Steel, saintess 1”7 9.5
Steel, high speed 1l 6.1
Zinc alloys 7 13
Polymers:
Thermoplastics (60-100) 10-8 | (33-36)x 10~*
Thermoseryd (10-80) x [0-8 | (6—44)x 109
Aceta) {prlyformaldchyde) K10t 30%10-¢
Nylons (polyemides) 108 56
Polyethylene, high density 126 70
Phenol formaldehydes (29-40) % 10-¢ | (14-22)x |04
Rubber, naturall (B0-120) % 10-8 | (44-67) X LO~6
Rubber, nitriles Mx10-¢ 62x10~6
Rubber, silicone 5 101
Ceramics:
Alumine (AlyO5)b 5.0 28
Graphile, high strength 4.3 822
Silicon carbide (SiC) 4.3 2.4
@m niride (Si;N,) L | 13

*Suructural alloys.

BCas alkoys can be up to 15-10"5 /K,

“Typica] beazing materials.

925 % 107%/K 10 B0 % 10~*/K when reinforced.
*Mineral filled.

"Fillers can reduce coefficients.

Swvaries with compaonition,

*0 to 200°C.
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2 Metals Polymers Ceramics
3x10

2 Aluminu

Copper
Brass

102 Magnesium alloys

Caat iron

Bronze
Steel

Alumina

—_
o

Thermal conductivity, K, Wim K

Natural rubber

Polyethylane

Acetal, nylon
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Material Thermal conductivity, K;
W/m K Bw/fi hr *F
Metals:
Aluminum 209 120
Aluminum alloys, casting? 146 B4
Aluminum alloys, silicon® 170 98
Aluminum alloys, wrought® 151 87
Aluminum tin 180 100
Babbirt, lead-based white metal 24 14
Babbitt, tin-based white metal 56 32
Brassest 120 &
Bronze, aluminume 50 29
Bronze, leaded 47 27
Bronze, phosphor (cast)d 50 29
Bronze, porous 30 17
Coppers 170 98
Copper lead 30 17
Iron. gray cast 50 26
Iron. spheroidal graphite 0 17
Iron. porous 28 16
Iron, wrought 70 40
Magnesium alloys 110 64
Steel, low alloy® 35 20
Steel, medium alloy 30 17
Steel, stainless 15 8.7
Zinc alloys 110 64
Polymers:
Acetal (polyformaldehyde) 24 .4 i
Nylons {polyamides) 25 .14
Polyethylene, high density 5 .29
Phenol formaldehyde | ——meem [ cmemas
Rubber. natural 1.6 92
Ceramics:
Alumina (Al,O4)# 25 14
Graphite, high strength 125 7
Silicon carbide (5iC) 15 8.6
Silicon nitride (Si;Ny) —— | ===

‘Al 100°C,

BAt 100°C (~ 150 W/m K at 25°C).

20 o 100°C.

“Bar stock typically 69 W/m X,
“Typically 22 W/m K a1 200°C.
*Typically 12 W/m K at 400°C.
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Metals Palymers

20 Natural rubber

Thermaplastics

Magnesium
Aluminum

Specific heat cafucity, Cp, kd/kg K
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Material Specific heat capacity. C,
ki’kg K Buw/lb *F
Metals:
Aluminum and its alloys 09 0.22
Aluminum tin .96 23
Babbirt, lead-based white metal 15 036
Bubbitt, tin-based white metul 21 08
Brasses .39 093
Bronzes 38 .091
Copper* .38 091
Copper lead 32 .076
lron, cast . ¥ .10
[ron, parous 46 1
[ron, wrought A6 Al
Magnesium alloys 1.0 .24
Steelst 45 Al
Zinc alloys 4 086
Polymers:
Thermopiastics 1.4 .33
Thermosets — ——
Rubber, natural 2.0 48
Ceramics:
Alumina {Al.Oy) — —
Graphite ¥} 2
Cemented carbides g 17
Silicon carbide (SiC) —— ———
Silicon nitride (SiyN,) —— ————

*Aluminum bronze up to 0.48 XJ /kg K (0.12 Btu /b °F).
PRising to 0.55 kJ /kg K (0.13 Btu/1b °F) at 200°C (392°F).
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methads costy R,
A pil‘l.
am gin.
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close tolerances Minigh
2-.4 8-16 | Smooth surfece with- | Grind and lap 17-30 6.2 250
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Steady-siate paramelers Dynamic paramelers
Eccentricity | Dimensionless | Attltude Dimensionkess siiffness Dimenslonless
ralio load paramelter | angle, deg | coefficients damping coefficients
12w
£y \E{ :) %, t K, K. Ky |Byy B,=8,, B,
I (a) Diameter-to-width ratlo Is 2 (A, = 2.0)
0.071 6.430 81.89 155 1441 ~660 184 |28.75 1.89 13.31
0114 3037 77.32 1.57 927 —420 1891844 1.93 4.58
0.165 2.634 72.36 1.61 674 =301 1911336 2.00 6.28
0.207 2.0 64.75 1,65 547 —-250 193 (1114 2.07 5.33
0.244 1.656 65.45 169 506 —-220 1.95| 993 2.15 4,80
0.372 0917 57.45 212 401 -130 185( 7.70 2.06 123
0.477 0.580 51.01 267 370 ~-078 L.75] 696 1.94 2.40
4.570 0.375 45.43 333 364 —043 168| 676 1.87 1.89
0,655 0.244 40.25 421 374 013 154 687 1.82 1.54
0.695 0.194 37.72 478 384 00l 1.62( 7.03 1.80 1.40
0.734 0.151 35.29 548 398 015 161 | 7.26 1.79 1.27
0.753 0.133 3393 589 407 022 160 741 1.7 1.20
0.751 0.126 33.42 6.07 4.1 0325 160 748 1.79 1.18
0.772 0116 32,65 636 4.17 0.30- 1.60 | 7.59 179 1.15
0.809 0.086 30.04 7.51 442 047 159 | 8.03 1.79 1.03
0.874 0.042 24.4] M 5.23 092 160 948 1.80 0.82
(b) Diameter-to-width rutlo is 1 {A, = 1.0)

0.103 1.470 75.99 1.53 1004 —-3.01 1.50 (2034 1.53 6.15
0.150 0.991 70.58 1.56 729 =216 1.52|14.66 [.58 4.49
0.224 0.635 63.54 162 533 -1.57 1.56)]10.80 1.70 341
0352 0.358 55.41 195 394 -—-097 148 8.02 1.63 237
0.460 0.235 49.27 2.19 357 —-0B0 155 7.36 1.89 219
0.559 0.159 4433 273 336 048 148 6.94 1.78 1.74
0.650 0.108 3972 345 334 -023 144 6.89 1.72 143
0.734 0.071 35.16 449 350 D03 144 7.15 1.70 1.20
0.773 0.056 3282 523 365 0.18 145]| 742 1.71 110
0,793 0.050 3162 569 375 0.26 145 | 7.60 1.71 1,06
0.811 0.044 30.39 622 3.88 035 146 | 781 1.72 1.01
0.883 0.024 25.02 9.77 449 083 153 | 9.17 1.78 0.83
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Steady-state paramelers Dynamic parameters
Eccentricity | Dimensionless | Attitude Dimension less stilffness Dimenslonless
ratio load parameter | angle, deg coefficients damping coefficients
1 /{1Inm
Ee ;,: (l_. ] o, K., K, K, K., B, 8,.=8, B,
(a) Diameter-to-width ratio is 2 (A, = 2,0,
0.024 7.079 88.79 91.58 40.32 -57.12 12915920 -6329 4550
0.061 2723 88.58 35.54 1577 —-2203 0.74] 61.63 23196 1780
0.086 1.889 88.33 2493 1118 —1533 071 4314 -—-1631 1259
0.127 1.229 87.75 1668 766 —10.03 (078 2865 -—10.11 8.57
0.155 0.976 87.22 13.59 639 -—-799 084 2320 -7.66 108
0.176 0.832 86,75 11.88 569 -682 090 20.14 ~623 623
0.254 0,494 84.36 811 428 -39 109 1326 =276 427
0323 0.318 81.08 652 382 -234 1.23| 1003 -0.81 15
0.364 0.236 T8.09 607 376 —149 131 3.80 0.1l 2.54
0.391 0.187 75.18 603 382 -092 137 B23 066 213
0410 0.153 72.26 621 392 -0.52 1.41 7.98 102 1.82
0.424 0.127 69.31 653 404 -021 145 791 1.26 1.58
0.444 0.090 63.24 755 433 023 150] 811 1.54 1.23
(b) Diameter-lo-width ratio Is 1 (A, = 1.0).

0.050 1.442 93.91 38.58 2265 —22.14 —1.29| T9.05 -—2B.14 1860
0.100 0.698 93.12 1893 11.25 ~10.79 —024| 3873 -1297 940
0.150 0.442 91.97 1228 745 —687 026( 2500 -7.50  6.36
0.200 0.308 90.37 893 558 -479 058 1799 -4.50 482
0213 0.282 89.87 830 524 -43B 0.66| 1666 -39 4,53
0.220 0271 89.61 803 509 -—-420 069 1608 —-364 440
0.226 0.261 89.37 779 496 -403 0.72) 1557 -341 4.28
0239 0.240 88.80 731 470 -370 0.77| 1454 -293 4.04
0.250 0.224 48.28 695 451 =343 082 1374 —-255 386
0.260 0.211 87.79 665 436 -321 0.86| 13.09 -223 37
0.304 0.161 83.29 563 384 -232 1.01| 10.75 -1.02 307
0.350 0120 81.80 499 354 -152 114 904 —-0.01 249
0.381 0.097 78.65 482 346 -101 1.21] 8326 0.56 210
0.403 0.081 75.63 487 347 -065 126 787 0.92 1.82
0.419 0.069 72,65 506 352 -038 131 77 117 1.60
0.432 0.060 69.69 53 360 -0.16 1.3| 767 1.34 1.42

0.451 0.045 63.70 625 383 0.9 140 78 156 116
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Steady-state parameters Dynamic parameters
Eccentricily | Hmensionless | Attitude Dimensionless stlffness Dimensionless
ratio load parameter | angle, deg coefficients damping coefficients
1 (2w
Ty F r ¢0 K., Kl'l Kn Kl: B, B, = ‘Bu' Bu
r Iy

{a) Diameter-to-width ratio is 2 (», = 2.0).

0.018 6.574 55.45 34.58 4543 -46.78 31.32| 9747 —-1.46  93.55
0.031 J.682 56.03 2035 2535 -—2657 17.08 | 56,10 -L35  5L7:
0.045 2.523 56.57 1475 1741 —1848 [1.48|39.52 -1.22 3506
0.070 1.621 51.35 1053 1138 —-12.20 7252681 -1.01 2225
0.094 1.169 57.95 856 849 906 5262062 -0.79 15.96
0.144 0.7 58.62 685 585 -592 3491474 ~-1.37 9.93
0.192 0.491 58.63 627 475 -434 2377|1207 0.02 7.12
0.237 0.356 58.14 615 426 -335 2411067 0.36 551
0.278 0.267 5730 629 405 -263 219| 987 0.66 4.45
0314 0.203 56.18 662 400 205 204 943 0.91 368
0.347 0.i156 54.85 711 405 -155 190 923 1.12 306
0.360 0.141 54.26 735 410 -136 185 920 1.20 2.84
0377 0.125 5331 777 419 -109 L78( 920 1.30 2.54
0.402 0.093 51.55 B63 439 -—0467 167 930 1.44 2.10
'0.441 0.085 47.10 1107 494 0.14 149 9951 1.61 1.29

=

h) Diameter-io-width ratlo Is 1 (x, = 1.0}

0.020 3.256 5.1 2831 4330 -43.40 25.25|94.58 -1 8833
0.035 1.818 59.68 16.74 2439 -24.34 13.70 (5459 -098 4827
0.050 1.243 60.09 12.21 1693 -1672 9183875 -084 3237
0.076 0.796 60.62 882 11.26 -1082 5.B0|26.62 -061 2018
0.103 0.574 60.95 724 8BSS -790 424|073 -037 1427
0.155 0.383 61.00 591 607 -502 2891515 0.06 8.70
0.203 0.245 60.44 548 501 ~-360 2361259 0.43 6.16
0.246 0.181 59.46 541 449 -274 209|11.20 0.73 4.73
0.285 0.138 58.22 554 422 -212 1921039 0.98 3481
0.320 0.108 56.80 583 410 -165 1.80| 991 Lig 116
0.351 0,085 55.23 625 408 -126 171 964 1.35 2.67
0.379 0.068 53.54 682 413 -092 162| 954 1.48 229
0.389 0.062 52.82 709 417 -0 159 9.54 152 216
0.403 0.054 51.68 756 425 -057 154 957 1.57 1.92

0.441 0.034 47.19 970 465 0.11 1.42]10.03 1.67 1.23
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Steady-siate parameters Dynamic parameters
Eccentricity | Dimensionless | Attitude Dimensionless stifness Dimensionless
ratio load parameter | angle, deg coclficients damping cocficients
]
1{2w
€y W (A_ ] &, K,. K. K, K, . . B..=8, B,
r k
(a) Diameter-to-width ratio of 2 (A, = 2.0
0.025 8.519 — 4 .47 47.06 82.04 548 6474 | 97.59 45.00 59.71
0.050 4.240 ~4.82 23.60 41.06 264 3232 | 49.04 22.62 29.94
0.075 2.80S —-4.72 1581 2742 1.65 21.49| 3297 15.22 20.06
0.100 2.081 -4.59 11.93 20.61 112 1605 | 2501 11.56 15.15
0.150 1.339 —4,14 8.08 1379 0.54 1t0.56 | 17.15 798 10.25
0,200 0.953 -3.47 6.14 11.39 020 778 1334 6.31 783
0.250 0717 -2.76 514 B45 -005 615 11,29 543 6.5]
0.300 0.585 —-2.02 463 720 -0.09 500 10,00 4,76 5.38
0.325 0.4493 - 1.78 456 672 ot 4.53 9.49 4.38 4.74
400 0.343 - 1.70 463 5.78 .22 353 R.51 156 340
0.450 0.2484 —=2.00 445 540 .33 3.08 B.17 318 .79
0.500 0.228 -2.51 518 515 042 274 7.99 2.88 2.34
0.551 0.182 =319 565 501 051 248 7.95 2.65 1.98
0.576 0.162 —3.58 593 497 .55 237 7.97 253 1.82
0.601 0.143 -4.02 626 495 060 227 8.02 246 1.69
0.627 0.126 - 449 664 495 065 219| B0 238 1.56
(b) Diameler-to-width ratio of 1 {A, = 1.0J.
0.025 3.780 - 321 5213 8373 B.14 5669 | L13.96 42.08 47.10
0.051 1.883 —-3.16 26.11 41.89 399 2831 | 57.20 21.13 23.61
0.076 1.247 —8.08 1745 2795 257 1RB3| 3838 14.19 15.81
0.101 0.927 -7.96 13.13 20099 1.83 1408 | 29.04 10,75 11.93
0.151 0.596 —-7.46 874 13.89 1.0 922 | 19.61 733 R.00
0201 0.418 —6.58 644 10.17 0.62 668 | 1473 5.64 5.96
0.251 0316 —5.KB5 522 8.13 033 526 1218 4,78 4,90
0.301 0.248 —5.10 449 6.87 0.11 435 1071 4.30 4,28
0351 0.198 —4.29 408 602 -004 370 9.80 399 3483
0.401 0.160 -359 400 540 0ol 317 907 357 322
0.451 0.130 -3.27 413 4.9 01z 27 B.55 3.15 2.65
0.501 0.107 ~3.28 437 468 022 246 8.23 2.84 2.22
0.551 0.087 -3.54 4.74  4.50 031 223 B.08 2.60 1.89
0.576 0.078 -3.76 498 445 036 214 B.06 2.50 1.75
0.601 0.070 -4.03 525 442 041 206 8.07 242 1.63
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