7. Bearing application

Locating bearings and non-locating
bearings

Radial and axial loads in bearing units can be trans-
mitted by Incating and non-locating bearings,

& |oeating bearing is generally used for medium- and
large-sized shafts that can reach high tamperatures during
operation, It has to support radially the shaft assembly and
to locate |t axially in both directions,

A non-ocating bearing suppors the shaft assembly anly
radially It also allows axial displacement in relation 1o the
housing to take place so that additional axial loading |s
avolded.

Axial displacement can take place either in the housing
bore saating ar in the bearing itsalf,

In case the shaft is supported by more than two bearngs,
anly one of them will be a locating bearing and it will ba the
one with the lightest radial load.

In case of small-sized shafts, two non-ocating bedrings
with limited dizplacemant can be used. Each of them can
accommodate axial loads in a single direction, having thus
mutual locatlon.

Fig. 7.1 shows a few of the most representative applica-
tions of locating and non-locating bearings, as follows:

a) The locating bearing is a single row deap groove ball
bearing and the non-lecating one is a oylindrical roller
bearing with both rings tightly fitted on the shaft and imto
the housing, respectivaly.

b) Both bearings are supported by spherical roller bear-
inga. The locating bearing iz tightly fitted both an the shaft
and into the housing. The non-locating bearing has the
outer ring mounted with clesrance into the housing and
thus allows axial displacement In both directions.

o) The locating bearing consists of two tapered roller
bearings, pair mounted and the nondocating bearing con-
sists of one cylindrical roller bearing, NU typs, tightly fitted
into the housing bore.

d) The locating bearing consists of a cylindrical roller
bearing, MUP type and the non-locating bearing consiats
of a cylindrical roller bearing, ML type,

g} The locating bearing consists of a cylindrical roller
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baaring, NU type which takes over radial loads and of a
four-point contact ball bearing (unloaded on the outside).
The non-locating bearing conslsts of & cylindrical roller
bearing, NU type.

f] The locating bearing consists of a neadle roller baar-
Ing, MA type which takes cver radial loads and of a single
row deep groove ball bearing (unloaded on the outside)
which takes over axial loags in both directions, Tha non-
locating bearing consists of a needle roller bearing, MA

ype.

g) The shafts bearings can also be X-type arrangement
of two tapered roller bearings which can be considered
mutual located bearing.

Recommendation for bearing fit
selection

Three main cfltarla have to be considered when salecting
the bearing fit;

1. Firm location and uniform support of rings

2, Ease of mounting and dismounting

2. Axial displacement of non-locating bearing

The most eammon location is assured by a tight fit.

A high tightening is recommended for roller bearings
and large- sized bearings in cormnparison to ball bearings of
the samme size.

In case of a tight fit, the inner ring is supported by the
antire shaft contact surface, thus bearing is used at full load
carrying capaclty, When selecting the fit, one has to con-
sider the differance of temperature which may ocour be-
tween ring and shaft or between ring and housing.

The tolerance classes given In tables 7.1 and 7.3 are
available for bearing fits which do nat exceed +120 °C
during operation.

Az a general rule, the selection of the tolerance class "H"
is recommended for bearings of separable design and
tolerance class "J" for bearings of non-separable design.

When selecting a fit, the load of the rotating ring has to
be considerad, namely:

- If the inner ring rotates and the |oad [s stationary, the
outer ring should be mounted with clearanca fit,

- If the inner ring rotates and the load Is a rotating one,
the outer ring should be mounted with tight fit.

- |f the inner ring rotates and the direction of load is not
determinated, both rings should be mounted with tight fit,

In table 7.1, thera are given recommendations te selact
the tolerance class for shaft as function of: bearing type.
loading and shaft diameter, In table 7.3, one can find
recommendations to select the tolerance class for housing.

Figure 7.2 shows schematlcally the tolerance classes for
shaft and housing and their influence owver fit type Le.
clearance, transition or tight fit for housing and transition
fit ar tight fit for shaft, respectively.

In tahles 7.2 and 7.4, the devialions of the shaft dlameter
(7.2) and of the housing diameter (7.4) are given, considar-
ing the following:

- upper and lower [imits

- theoretical minimum and maximum values of tighten-
ing {+) or clearance (-] in the fit

- the minimum and maximum values of the probable
tightening or clearance in the fit (99% of fits are between
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these limits) :

The tolerances of bore diameter dmp and outside
diameter Dmp are valid for all metric sized bearings, except
tapered roller bearings with d < 30 mm and D < 150 mm
and thrust ball bearings with D < 1560 mm [see table 5.15.
and 5.16 on page 46 and table 5.31 and 5.32 on page 52).
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Bearings application

Tolerance classes for shafts Table 7.1
" Opersting conditions  Examplea Ehatt diameler (mn) e
Aall Cylndrical, Spherical Tolerance
bearinga nNibsaxdile rodler clann
and tapaned bearings symibol
rodler
boarings
Rafinl baarings with oylindrioal bore
Stationary inner ring load
By augal Wheels on non- Al dinsisless = ]
maent ef Inner ing o malaling shats
shiefl dasirathe [frae whasls)
HAxinl digplacement of  Tanslan pulbyes, his
inrar ing en sheft ghaavas
not necessARy
Roldating inner ring koad
Light and Co ra 18,100 =40 - I8
yariabla losds lighthy loaded > 100,740 40100 - (]
[P 080 mechantams,
bearinga
oernal and heeavy Banamal rrscheniczal =18 - = |9
leads: enginearing, > 18..100 =40 =4 W (B}
[P = 0,080 alasire molors, =106, 140 =40, 100 > 40,55 rd{m ]
bertHn e, paps, = 140,200 = 100,140 »85..100 Ly 1
gamboxes, =300 260 > 140,200 = 100,140 nd
woodwarking - =210, 400 = 144, 280 pé
rrEchines - - =280, 500 |
- = =500 7
Heawy lsads and Hawy du‘h’l'm - »50..,140 =>84,.100 i
shock loads, srdois wahleles axle ngs, = = 140,200 = 100,200 PE
working condiions fraciion rmcdars, = =200 =200 ;|
P=0,120) rglling mllle
High runnin Iachine toals =18 - = ha
accammey, [(ght =18, 100 =40 - I5
loads (P 0,060 > 104,200 = 40,143 - [iL.3
- 140,200 - ms
Aorial bockda
All Wnd of baaring =260 =250 < 280 [
W Appicalion =L o] =253 = E50 |al ik
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Bearings application
Tolerance classes for shafts

and cage thiust assembh

Combined loads on apherical roller thrist basrings

Siatlonsny load - =250
o ahafi waster =280
Rotating load on =200
shaft washar or Indstsmminate = 200...400
koad diFection =400

Tabda 7.1 {conlinusad)
l'fﬂplrlﬂ condiifons Examples Bhatt Tolarmnce
= dismelsr (mm) Slass
aymbal
Tapored bove besrings with withdrawal or sdaplar slsevws
Hude sl far All diamatars hé
rlhwey veshicles
Gereml mechanical hio
enginearing
Thrust bearings
Axial losds
‘Thirust kel bearings All saes he
and resdi All sizes Fafha}
roller thnust bearings
Gylindrical, nesdle rollar All sizes he
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Bearings application
Shaft fits
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Tabla T.2
/ Shatt Bearing  Devlations of shatt dlameter, resubtant fits 3
Dilmrmwerker Bars Talarances
: dimmeter
d tolerancs 3 g8 s ha ha hs &
nominal Cwvigtlone [shedt clarmater)
B Tightanin leal ehaaran s
cvar upts |ow  high < Tightening/Frabable clesrance
mm Hm
1 3 =8 o =G =12 =2 =5 =g =H o =14 o =A a = *2 -
b +2 -2 +B - +8 -8 +B —14 4B -8 +@ —4 +10 =2
j o =10 +4 =8 +5 - +8 =12 +B =4 +7 -3 +@ -1
3 L] —B L] —10 -18 -4 —-12 | - a -18 ] | a - ] +3 -2
- =18 +4 =12 +4 = +8 =16 +H =3 +8 =5 +11 -2
—4 -18 +2 =10 +3 - +B —-1B6 +8 | +7 =4 +10 =1
a 1w =8 '] =13 L =5 =14 =5 =11 = =32 o =g a = +4 -
=G -2z +3 =14 +3 =11 +8 —-23 +8 | +8 -G +12 =2
=T —-20 +1 -2 +1 -& +8 =18  +8 =7 +8 —4 +0 o
10 pl ] -8 L] =13 =27 =G =17 =f =1d a =27 o =11 4] ] +6 =3
-8 —a7 +2 —17 +3 -14 +8 27 +8 -11 +8 | +13 =3
bt 1" -28 Q -19 o =12 +5 —-24 +8 -8 +8 =g +11 =1
18 0 =10 0 =3 =33 -7 —20 =7 -1B8 a —33 ] —13 a -8 +B -4
-0 -33 +3 -2 +3 -8 +1% =83 +0 =18 +10 -2 +18 =4
=13 =30 4] =17 +1 =14 +H =2 +7 =10 +a =T +13 -
o S -1z 0 -5 -4 -5 -5 -8 -20 0 -3 0 -6 0 11 +8 -8
=13 =41 +3 -8 +3 =20 +12 =38 +12 =18 +18 11 +18 =5
=f7 =37 - =21 a =17 +7T =34 +8 =12 +8 -8 +15 -2
BO 8o =18 0 =30 =48 =10 =28 =10 =23 Q =ih o =18 4] =13 +B =7
=15 =44 +5 =24 +5 =23 +15 ] +15 —-18 +16 =13 +21 =T
-8 -4+ -2 +1 -1  +B8 =4+ =12 +11 -8 +7 -3
B 120 =20 0 =34 =58 =12 =34 -2 =27 o] =54 [v] =22 o * =18 +8 =B
-8 -B8  +& -3 +8 —-&ar o+ B o+ -2 o+ -1 +2 -8
-2 -2 +2 =73 +3 =g +12 =i +14 =16 +15 =10 +21 =4
120 180 -3 0 =43 —&8 -14 -3a =14 -2 a -B3 o -8 u] =18 +7 =11
=18 -84 +11 =38 +11 =32 *25 =E3 #25 =25 +25 =18 +32 =11
=25 =81 +d =32 +5 —28 +15 -E3 +18 —18 +15 -1z +28 -B
180 250 -3 @ —B0a —-T8 -15 —-44 ~14 ~34 o - [v] -t o =20 7 =13
=20 =T +15 =d4 +15 =35 +30 =72 +30 —25 +30 —20 +47 13
=28 - +7 -8 +8 =3+ -8 += =21 +24 =14 +31 =7
280 a5 =38 0 =50 =B8 =17 =48 =17 -40 0 -81 0 -x 0 -22 4T =16
- —&8 +18 —48 +14 =40 +34 =B 35 =g +35 =23 42 =18
-3q =78 +3 =4 +10 =32 22 -B& +24 =23 +27 =158 +3d -A
35 0D =40 0 —&2 -8 =18 =84 =18 =43 o =g D =05 8] =35 7 =1B
=53  =0B 433 =54 422 43 140 B3 +40 3% +40 25 447 i
-3 B +11 43 +14 -3 428 -4 +B§ =25 4328 -7 433 =10
400 SO0 =45 0 =54 =108 =20 =E0 =20 =47 1] -ar n] =40 n] =27 +7 =20
—-23 —-108 +26 —£0 +a3% =47 +i4d =g7 + 5 =& +4&5 =37 +52 =30
=35 =BE +13 =d3 +16 =38 +28 —B0 +33 —-28 +38 —18 +43 =11
he v
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Table 7-2 {contined)
[ Hhatt Bearing Doviationa of shall diameter, resultant fHe
Dl anssler Bora Toleorances
diameter
d 'Inl-'lnu =[] gb he nA kB
nominal diameie
j'ﬂghhnlngmm :'Inrl.rrr.'l
over upio low  high Tightening/Probable clearancs
mm )
— ——
500 6 =B0 O -7 =120 =22 -B& -3 S | -0 0 —dd o =26
=28 —120 +28 =88 +25 =50 +30 —110 +50 =dd +60 =
- =107 +15 -5 +18 —40 +31 =01 +T =31 +d0 18
B30 B0 -75 0 =B —130 =24 =74 -4 =56 o] -126 a =40 a =32
-5 =130 +B61 =74 +81 —bi #75 =128 +76 =30 +75 -2
-g2 =113 +34 —&7 +38 =84 +45 -B8 +88 -33 +8a =20
B0 1000 =100 0 =88 =142 —-28 —E2 =28 -3 4] =140 [+ —o8 & =24
+14 =142 +7d -2 +74 -3 +100 =143 +100 —54 +100 =3F
=G 122 +54 =z +80 —48 +87 =1ar 0 -3 +&8 -2z
1000 1250 =128 O -5 =184 =g —B4 =28 =70 [+] =185 (] -8 4] =L
+2T —184 +87 =g4 +47 =70 +128 —185 #1125 =B5 +126 =42
*3 =140 +73 =70 80 —E3 + B4 =124 +101 =42 +108 —25
1250 1600 =180 O =110 -188 =30 —108 —F =B Q —185 u] =78 [+] =50
3 +54 —faa +130 =108 +130 —ED + 164 -186 +160 =TB +180 —-50
+20 =188 +100 —T8 + 108 =Gf +108 =144 +130 —dB +138 -2
1600 2000 200 O =120 —212 =32 =-fgd -2 -2 o] —g2a0 4] =g a —E0
+30 -g212 +1688 =124 + 168 -B2 +200 =230 +200 =4 +200 —&
+45 =17 +133 -3 + 143 =87 +134 =188 +185 —&7 +175 -a8
L A
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Bearings application
Shaft fits

E
Table 7.2 {eomtinued)
" Shaht Bearing  Doviutions of shatt diamster, resuitant fits ™
Diameter Eore Tolerances Il
o Birbird et
d loleranoe s e jas kd ke mS mi
ddm
neminal 5 A} Denviatiors ¢ahal diametan)
Tighlanln arefical cleprance
sver upte bow  high c| Tighlening/Probeble clearance
mm Him
L ]
1 a =8 1] 2 =3 +4 -2 +3 -3 4 [4+] +6 o +# +Z +B +2
b} +10 -2 +18 -2 +11 -3 +12 4] +14 o +14 * 3 +16 +2
+& ] +10 1] +8 -1 +11 +1 +12 +2 +13 +3 +14 +4
3 -] -8 o +2.6 -2,8 +6 =2 +4 =d +8 +1 +8 +1 +8 +4 +12 +4
+108 ~B5 14 =2 412 -4  +14  +1 #17 +1 17T +4 $20 +4
+8 =1 +12 o +160 -2 +13 +2 +1i5 +3 +16 +5 +18 +E
B L] -8 ] +3 =3 +7 =2 +45 -—-48 +7 +1 +10 w1 +12 +A +18 +i
+=11 =3 +16 -2 +128 —-48 +15 1 +18 +1 +20 +B +23 +5
+B —1 +13 [u] +11 =3 +13 +3 +16 +3 +18 +3 21 +8
10 18 -B 0 o =4 +B -3 +6E8 58 48 +1 +12 +1 +15 +7 +18 +7
+12 —4 + 16 -3 +135 =55 +17 +1 +20 +1 +23 +7 +24 +7
N0 =2 +1d =1 +i1 =3 +15 +3 +1B +3 +21 +H +24 +8 |
; {
1B 30 =10 0 +4.5 —4.5 +8 —4 +E.0 =8,5 +11 +2 +16 +3 +1F +8 L] L]
+145 —45 +1§ =4 #1185 =85 +21  +2 +28 42 +37 4B +31  +8
+12 -2 *16 =1 414 -4 +18 +d +22 +5 +25 +18 +28 +11
ag &0 =12 @ +5,6 —5.5 +11 =5 +4 =B +13 +2 +18 +2 &0 *B +35 +8
+178 -84 #23 =5 +a0  —B +25  #2 +30 2 +32 4B +37 48
+15 -3 +18 -1 +18 —4 +E 5 +26 +8 +26 +12 +33 +13
5S¢ 80 =15 0 +85 68 +12 =7 +4.5 -B5 +i6 +2 +21 +2 +24 +11 +30 +11
+2185 =65 27 =7 +345 -0F #1002 +36  +2 +38 #11 +48  #19
+18 =3 +23 =3 +20 8 +78 1] + 2 +B +:36 +15 +41 +15
14 120 -20 0 +7.5 =73 +13 =B +11 —-11 +18 +3 + 25 w3 +326 +13 +35 +13
+27T5 =75 +33 -a +31 -1 +33 +3 +45 +3 +48 +13 +nn +13
+23 e | +27 -3 +28 =5 +33 + +38 +8 +43 +1E6 +d9 +18
1200 150 —25 0 +8 =B +14 =11 +125 —126 +21 +3 ] #3 +3% +16 +40 +15
+34 =H +38 -1 +375 —-125 +48 +3 +E3 +3 +86 +15 +E5 +18
+28 -3 +32 -4 +31 -a +40 +8 +46 +10 +52 +21 +58 +2a
180 250 -3 0 +10 =10 +16 -13 145 =145 +324 +4 +33 +4 +3F +17 +dd +17
+40 =10 +48 =13 +d44.5 —-1456 +54 +4 #6863 +4 +E67T +17 +78 +17
+34 —d +38 -5 +35 =g +4E +10 +588 +12 +B8t 23 +&5d +36
ash 35 -3 0O +11,5 =185 +18 =18 +1& =18 +27 +d +.348 +4 +43 +20 o2 +30
| +486 —-11.5 +81 =16 +51 =1B +82 +4 + +4 *Th +20 +47 +4a1
| +38 =4 42 =T +42 =7 +54 +12 +G2 +1a +T0 +28 +7d +2H
N5 400 =40 0 +125 —188 +1B =18 +18 1B +38 +4 +40 | +d5 +21 +47 +21 :
+i2a =125 +56 -18 +64 -18 +65 4 +00 +4 +B8 +21 +a7 +31
= id | +47 =T +47 =7 +81 +12 +d4 +16 +Ta 2 +#8 +a2
| 400 500 -45 0 +138 ~135 430 -20 420 -B0 433 45 +45 46 +EB& 423 483 433
i +585 -13,5 +6B6 -0 +E5 =20 +7T +58 +80 +8 +BS +23 +108  +33
i +44 —4 +53 =5 +53 —a +08 +14 +7E +1T +B4 +i2 +E1H +38
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Tabla 7.2 (eonlinuad)
hat Bearing Denifations of akafl diameter, resuttant fs A
Boare Toleranoces
diamater
d tolsrance: =8 13 | ] ] ms mé
Ag
nominel i Mﬂ:ﬁmdlmﬂm
Heni sarelical &laarancs
over upta low  high ?ﬁm-nlnwmm. cloaranca
e om
i
500 830 =50 @ +14 —14 +22 =23 +22 =22 +28 4] +d4 Q +55 + 28 +70 L]
+04 -ld +T2 - +72 =gz + T8 ] +84 o 14 +28 +120 24
c| +64 —4 +58 =8 +58 -B +88 +10 +81 +13 +Bd + 36 +107  +3
|20 B0 -75 o +18 =16 +25 —28 +35 =25 432 0 +50 O B2 430 +A0 DO
+81 -6 +i0 =25 +{D0 —26 +1i0F O #1258 0 +137 30 #1855 +30
* T =4 +83 —B +83 = +58 +12 #1106  +17 +188 +42 #7138 44T
B 1000 =100 O +18 —18 +28 =28 +ad +58 +38 a LE ] u] +70 +34 +BD +34
+118 —1B +128 2B +126 =29 +138 0O +158 0 +173  +34 +150  +34
#1044 =4 108 -8 +108 -& +122  +14 +138  +20 +153 +48 +170  +B64
1000 1250 =125 © +21 -2 +33 =33 -3 -33 +43 a +BG u] +82 +40 +108 40
+=146 =21 +188 33 +i58 =33 +i57 0O +181 O +207  +40 +231  +40
123 =d +134 -8 +134 =B +150 +17 +167  +34 w180 57 +207  +84
1250 1800 =160 0 +28 —28 +3B =3B 30 = +80 1] +T8 4] +58 +48 +126 =48
+185 =25 +1Fe —38 +188 =3B +2i0 O +23 0O +258 44 +286  +48
| +184 -4 +168¢ =3 +168 -8B +188  +21 +2084 +30 +237 +68 +256  +78
1600 2000 200 O +30 ] +48 —48 +48 =46 +B o +A2 [i] +118 +33 +160  +53
+23 =30 +246 =48 +248 —d4B +260 O +282E 0 +3416  +58 +350 +BL
+208 -8 +211 =11 +2i1 =11 +235 +25 +357 +38 +253 +53 #3153 +BE3
L J
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Bearings application
Shafi fits
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Tabebl 7.2 (oontinued)
 Shatt Bearing  Deviations of shatt diamelsr, resultant fits )
Diameier Bore Tolarancea

dlansabar
d tolermmnoe ns .3 pa pr 8 T
Aghmp

nominal Dweviations | et e
Tighianl somiical clearmnoe

over upio low  high TigheningFProbable clesmncs

mim Erm

s

1 3 -8 L Bl #& = +10 +4 +12 +8 +18 +8 +18 +10 +20 +1
bl +18 +4 +18 +4 +20 +a +3d +8 =24 +1 +a85 +10
e +16 +8 =18 L] +18 +8 +22 +H +22 +12 +28 +12

3 ] -8 o +13 +8 +16 +8 +20 +12 +24 +12 +23 +16 +ar +18
+21 +d +2d +0 +28 +12 +32 +12 +3i +16 +35 +15
+20 +H +22 +10 +25 +14 +a0 +14 +28# +17 +33 +1T

& 10 -8 4] +18 +10 +18 +10 +24 +15% +30 +15 +248 +18 +34 410
24 +10 +27 +10 *32 +15 +3g +18 55 +1B 42 +18
+22 +12 +25 +12 +30 +17 +35 +18 +0d +21 +35 +22

m 18 -8 o +20 +12 +23 +1@ +28 +14 +38 +18 34 +23 +d1 +23
+28 +13 +31 +12 +37 +18 +44 +1B +42 +23 +48 +23
+28 +14 +28 +14 +35 +20 +d1 +21 +dil +25 +48 ~25

18 30 -1a 0 24 +18 +28 +18 +35 +32 +43 +22 +41 +28 +4dB +28
#34 +16 +3g +15 +45 +22 +83 +22 +51 +20 +68 +28
+32 +1F +35 +15 +42 +25 +50 +25 +af +31 +58 +31

N S0 12 0 +34 +17 +33 +17 +42 +36 +81 3G 50 +34 +58 +34
+40 +17 +45 +17 +54 +28 +63 +28 +E2 +24 +71 34
+37 +20 +id1 +21 +50 +30 +8B +30 +88 +38 +H7 +38

5 &8 =15 0 +33 +20 +38 +=20 +61 +32 +@2 *33 +BO +41 +T1 +41
+48 +20 +54 +20 +3 +32 +77 +342 +78 +49 +BG +41
+a4 +24 +50 +24 +E2 + 36 +72 +a7 +71 +4q5 +B1 +46

a5 B0 =15 @ +33 +20 +38 + 2% +81 +3z +E2 +3a +53 +43 +73 +43
+4B + 20 +84 + +88 +32 +77 +332 77 -k +8 +43
+dd +24 +50 w24 +63 +24 +72 +37 +73 +47 +83 +db

B0 100 -3 0 +38 +23 +45 +23 +58 +37 +72 +a7 +7a +51 +88 +51
+58 +23 +B5 +23 +7B +37 +52 +aT +393 +51 +108 *51
+E53 +348 +58 +28 +73 +43 +85 +a4 +a7 +57 +Bf +B0

100 120 -20 0 +X4 +23 +45 +23 +68 +37 +72 +ar +7T8 +44 +a8 + 54
+584 +23 +E5 +23 +76 w37 +82 +3a7 +B8 5 +103 +584
+53 w38 +83 +28 +T3 +43 +85 o il +B0 +810 +162 +51

120 140 =25 0 +45 +27 +52 +27 +B8 +d3 +83 +43 +Ef +83 +1%3 +83
+70 +37 +77 +27 +E3 +43 + 104 433 +114a +83 +128 +83
+84 +33 =70 434 +88 +50 +10x1 +51 +108 +7T0 120 +T1

T80 180 =25 0 +45 +27 +8g +27 +64 +43 +E3 +43 +80 +a5 + 105 +H5
+70 *27 +77 +27 +53 i3 +108  +43 +*115 +B5 +130 +88
+B4 +33 +7a +34 +88 +50 +100 51 + 108 +72 +122 +73

180 180 =25 0 +48 +27 +52 +27 +6A +43 +£3 +43 +93 +B8 +108 +E8
+T0 +27 +77 +27 +83 +43 + 106 +4% +118 +84 +133 +E8
54 +33 + T +34 +86 +50 +100 +81 +111 *T5 +125 +7d

—
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Table 7.2 (contined)
St Bearing Deviationa of shadt diameter, resullant fits e
Dilamedar Bore Tolsrances
diamater
d tolerancs ns né pl pr & T
Admp .
nomknal Deninlions diameier)
: Tightaning/Thearstical cleamnce
over upte low  high e Tightening/Probable clearanca
mm JIT
180 200 -3 0 +61 +31 +&0 +31 +78 +5i +88 +B0 +108 +77 +123 w77
Bl +B% +31 +B0 +31 +108 +0 +136 50 +136 ey +153 +77
*T3 347 +aE2 +38 +11 +58 +116 +80 128 +85 + 143 +&7
o0 =X -3 2 +81 +31 +B0 +31 +78 50 +b8 +50 +108 +E0 +126 +ED
+i81 +31 +80 +31 +108 +50 +128 +E0 +138 +BD +156 +53
+70 +3r +82 +34d +101 +68 118 +83 +131 +82 +14B8 +80
=5 250 =30 O +&1 +31 +80 431 +78 +50 +BE +B60 +113 +84 +130 +84
+81 +31 50 +3 + 10 +80 +128 +50 +143 +34 +180 +34
*TH +37 +ad +3w +101 +58 +118 +80 +135 +H2 +180 +84
250 280 -35 o +67 +34 +55 +34 +84 +58 +108 +88 +12E g +144 54
+HE +24 +101 +34 +123 +A5 +143 +58 +181 +84 +181 +584
B4 42 +E2 +43 +i114 - E +131 +88 +162 +103 + 168 +108
2280 M5 -3 Q +67 +34 +B58 +34 +B8 +E58 +108 +88 +130 +R5 +160 *B8
+g2 +34 +101 +24 +123 +58 +143 #ZH +186 +B8 +185 +B0 |
+84 L) +82 £43 +114 +B5 +131 +68 +1868 +107 +173 +110
s 2AES —-40 D +E82 +37 +71 +37 +BB +EZ +118 B2 +144 +108 +186 + 1048
+102 +3ar +113 +37 +138 +52 + 163 +B2 +184 +108 205 +108
+B4 +45 +102 +48 +127 +73 + 145 +76 +173 +118 +18a +121
355 400 —4 +g2 +37 +73 +3r +58 +62 +118 +82 + 180 +114 +171 +114
+102 +37 +113 +a7 + 138 52 +158 +82 +1B0 +114 +311 #114
+84 +45 + 102 +48 +137 +73 +148 +75 +17H + i35 +1848 +137
400 350 =45 0 +87 +40 +80 +40 +108 +68 +131 +&0 +168 +128 + 168 +126
+112 +40 +128 +40 +153 +88 +178 +53 +211 +128 +234 +128
+103 +48 +113 Ry +141 +80 +161 +E3 +168 +128 +218 +141
450  Bod -45 0 +67 +4f +840 +40 +108 +58 +1a1 +88 +172 +132 + 185 +132
+112 +40 +126 +40 +153 +48 +1TE +58 +217 +1az2 +240 + 132
104 +4d48 =113 +62 +141 +80 +181 +33 +205 +14&4 +22f +14T
S} 560 =E0 0 +T3 44 +B2 +4d4 +128 +Ta * 148 +78 +184 +160 +223 + 150
+122 #dd] +138 +ald 172 +78 +186 +78 244 +150 +2T0 +150
+118 +64 +155 +47 +158 +B1 +182 +8d +231 +183 +254 +188
Bsb &30 50 4 +7a +44 +36 +44 +122 +78 +14a + T8 +156 4155 +a@RE +1£5
+128 +a4 +138 + 4 +172 +7B +188 +T8 +248 +155 +275 +188
+112 +84 +126 457 +1589 +81 $182 +84 +238 + 168 +268 +171
B30 Tid -T2 0 i +50 +100 + 50 +130 +88 +158 +BB +228 +175 L] +178
+157 w50 +176 +BD +213 +8A 23 +E& +300 +175 +%30 +175
+146 +62 +158 +87 +1B6 +108 +231 + 113 +283 +1B2 +3a +187
710 BOQ =76 0O +EZ w53 +100 +50 «138 +a0 +186 +488 +235 + 135 +265 +185
+187 +60 +175 +80 +213 +B8 +243 +88 +310 +185 =340 +186
+ 145 +H2 +168 +G67 +158 +105 L rd | +110 +283 +202 +318 + 207
ol
Ura 89



Bearings application

Shatt fits
L]
#
91 |
Tabis 7.2 jcontinued)
,-M Bearing Dervinthors of ahaft dameter, resuftant Tis
Ol il ear Borm Tolerancas
i marendar
d loleranos ns ne Pl BT rd i
it
nominal " Dwiations (shaft diamptar
E:) Tlgh'lunlng.gﬂmﬂlm] clearance
owver upto flow  high Tightening/Probable &l sarance
il Am

+182 +56 +212 +58 +258 +100 +290 +100 +350 +210 +400 +210
+178 +70 +162 +78 +238 +1210 +263 +127 +348 +230 +3T73 +237

BO0 1000 =100 0 +B2 50 +112 +58 +166 +100 #1800 +100 +27TH  +20 +316 2]
+152  #58 +212 +58 +256 100 +290 #1030 +376  +220 410 +2211
+1T4 +70 +182 +78 +236 +120 +283 +127F +365 +240 +ag3 +8247

| 1000 1120 -125 0 +108 +88 +132 +86 +165 +120 +328 + 120 +328 +280 +355 +260
+233 +68 +2687 +B58 +311 +120 +350 +1210 +441 +350 +480 +230
+218 +83 +E33 +B0 +287 + 164 +317 +183 w417 +a74 +47 +383

BG 800 =100 ¢ §+E‘E +56 +112 +85 +158 +140 +180 +100 +288 +210 +300 +210

1120 1350 -128 0 +108 +88 +1a2 +65 +188 +123 +225 +120 +355 2B +388 +280
+£33 +HB +2B7 +E5 +311 +120 +350 +120 451 +2EY +480 280
+T1E +A83 +233 +80 +2487 +1add +317 +153 +437 +@a84 +45T +3R3

1250 1400 =150 0 +124 +78 +158 +78 +218 +140 +2A5 +14 +3TE 300 +425 +300

+268 +78 +318 +7B +3TE +140 +425 + 140 +3538 +300 +5E5 +300
+267 +58 + 288 +1048 +348 +170 +385 +1EQ +508 +34d0 +545 +340

1400 1800 =180 O +128 +78 +166 +7E +218 +14&0 +32B5 +140 +408 +330 +i85 +330
+208 +78 +318 +78 +378 =140 +455 +140 +E663 +33% +B16 +330
+287 +88 +266 +108 +348 +17 +3B5 +180 +638 +3aBa +576 +3ra

1800 1800 =200 O +152 +a2 +1B4 +52 +2%52 +17 +320 +170 +482 +3m +520 +3T0
+362 +a2 &304 +53 + 52 +1T +520 +170 +B52 +370 +720 +370
+3g7 +117 +348 +127 +437 +205 +470 +220 +B2T +405 +570 B0

1800 2060 —-200 O +152 +82 +184 +82 +282 +170 +320 +170 +4g3 +400 +550 +d0
+352 +52 +384 +82 +482 +170 +520 +1TD +E42 #4000 +TEG +400
+327 +117 +M34B8 +12T +437 +a05 +d70 +280 +G5T +436 + 700 +450

70 uRs




Bearings application
Examples
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Bearings application
Tolerance classes for housing bores

Radial bearings
Solid housing
Table T.3
rEpur-Hnn condlthons Examphas Tolerancs Outer o
clasn ring
srymibod displacemenl
Actating cuter ring load
Huavy loads on bearlngs in FoBar baesing whea PT Quler rng
thin-walled houalngs, heawvy hubs, connesing rod cunngd b dlplases
shock ads bearing
[F=8,120)
MNormal ard haawy (nads Ball bearing whes! huts, My
4P = 0,080) conneciing rod beadings,
crane tresaling whesls
Light and varlpbie lcads Cormveyer rallers, rops M7
[P=o,060) ah&aves, ball tension
pulleya
| Directicn of [oad indelarmingis
Heawy shock boads Trasilon maioms M7 Cuter ring
cannol ke displacad
Marmal and heavy loads Eeetiis mabars, pumps K7
P = 0,08 ). crankshaf main
Quter ring displacamant bearings
is not
1 necassany .
Spiit or solid housings
Tabla 7.3 {comtinued)
(l.:lpq'lﬂrlﬂ conditlans Examples Taleranoe Onster ™
olana ring
| symbal dlsplscament
Direction of lond indeterminsta
Ligh and normal loads. Medlum-slzed eleciria metars, J7 The cuterring
Dwalrable outer ring purmps, crankshoft main can be displeced
displacamani baosings
{P=0,12C)
Stationsry cuter ring load
Loads of all kinds Genaral machanical H¥ Th cufler fing can ba
anginesting, mlhway easlly displaced
axlaboxes
Light and narmeal loads e
will sirmple condhions
(0,120}
Haat condustion Drying cylindars, targe G
thrsugh shat wlectical mashines with
spharicnl roller baadings
s A
72 UEE



Split housings

Table 7.3 (oontinuesd)

Axlal or combined load on spherical roller thrust beadings

Baating radial localion s srsuned
by anoiher bearing

';apﬂtun;ﬂnﬂtlm Examphea Tolerancs Thrtar b
clazs fing
eyrmibol displacomeant
High scourecy rotation, quiet running
High shifiness & Mair shafis for D=128 13 The cafer ring canngt
varinbbe koads machine-toots with D=125 153 ba diaplaced
rcllar bearings
Light lness, indetarminga Ehafl apesaling K& The cuer ring cannct
Ioad direciion suriaze far grindi be diaplaced
machines wih kal
bearings, fras bearing
for high speed
BUpefEhangens
De=imble aular Sheft opamilng JE Tt caubed flmg ean
ring displeeemeni autase far grinding be disploced |
machines vilb ball
bearings, fres bearing
far hlgh spesd
sUpedthattess
Exuiat anning Srrall-sized elactrical Ha Thea caster fing can b
machines easlly displased
S >y
Tolerance classes for housing bores
Thrust bearings
Table 7.3 (continucd)
Qperoting conditions Tolerance Remarks g
claan
. symnbol
Axial load
Thrust ball bearings HE For less accurate bearing
Cylindrical and nesdle H7 (Ha) arrangamanis, radlal eleranse
raber thiist bearinga In housing can ba up o 0,001 0
Combined loads on spherical rolier thrust bearings ‘
|
Loacal load on nousing washer HTHE]
Pargharal lead on hauaing washer M7

Heuslng washer fitted with
chrarnce up g 0,001 D

URE



Bearings application

Housing fits
m
i
Tabla 7.4
I/-Hmtlru Baaring Dievlatione of houslng bore diometer, rosishart fits:
Dismier S.'II.HI:IH Talerancss
ameter
D tolerance 7 aT L] Hid H# Ha HT
afym
nominal P Devindlons [houslng bore dizmeter]
b Tighteai h cal cwaranca
gver uptoc fow  high cl Tightening/Frabable clearance
mrn #m
a 10 1] -8B al +13 +28 +35 +20 +5 +14 u] +58 8] +36 o +22 o *15
=13 =38 ] -2 -6 -2 a =88 o] =dd ] —50 s} —2a
c] =4 =33 =8 -2 =7 —20 -3 -3 =3 =d1 =3 - =g —Z0
10 18 1] -8 +18 +34 +& +24 +8 +17 43 +T0 g +43 o +a27 a +18
=16 =43 ] -ag -8 -25 ] 78 a =531 4] =38 1) — 28
=18 =38 =i =25 =g o] -3 =7B -a —df -3 =a2 a =2
1B 20 1] =8 +20 +41 +T +2B +7 +20 4] +a4 a +32 4] +33 u} +21
=20 Bl =7 =-ar =T —-28 o -3 u] -1 ] =42 a =30
-23 47 =10 =34 =10 =20 =d =38 -4 —4&7 -3 a8 -a =27
a0 50 L =11 +25 + 50 =B +34 +8 +28 a +100 @ +62 o +3B 4] ]
=28 =61 =H =45 =g =38 ] -111 0 -T2 4] =50 o] = 5
—-28 -E7 =12 =4 =12 =33 =5 =108 =5 =3 —4 —dq5 -4 =iz
80 ao 0 -1a +30 +BD +10 +ild 10 + 28 Q +i20 @ +74 i} +48 o +30
=30 =73 -10 -83 -1d =42 h] =133 © =87 ] =fg =} —43
=35 =8B =15 =43 =14 —-3a -6 —-12F 5 -2 =5 =54 - =38
a0 120 a =18 +38 +T1 +182 +47 +12 +34 a +140 © +67 Q +i4 Q +38
=38 =gB =12 -2 -12 —4g Q —158 @ =108 0 =88 Q =50
—41 =@l =17 =5 =17 =d] =7 =jdB =6 -85 -A -43 -5 -45
12 150 o =18 43 +33 +14 +54q +14 +35 1] +180 04 +100 0 +63 [+] +40
—43 =101 =14 =72 =14 =a7 a =178 @ =114 0 -1 o —-GB&
i1} -84 - —B5 =20 -B1 =B =170 =B =110 =T =74 -7 -1
150 180 4] =25 +43 +d3 +14 + 54 +14 + 35 u} +160 0 +10d a +63 b 40
=43 =108 =14 =B =14 =Bl a =185 0O -2 0 —B4 a —86
-8 -100 22 =T —21 -57 =11 =174 =10 =113 =10 =7d =& —87
180 250 1] —30 +50 +44 +15 81 +15 i 4] +1685 O +11% O +72 a +4d8
—B3 —-{26 -15 —-a1 =16 =74 4] =216 0 =143 O =102 0 =78
=B0 =118 =23 =31 =23 =8B =13 =20z -3 -1a2 -12 —Bd =10 =64
50 M8 0 -35 +E8 +i08 17 +68 +17 +48 [+] +210 @ +130 © +E1 g +53
=56 =843 =17 =104 =17 =84 Q -248 O —-166 @ =118 4 =B7
-B4 =13 -28 —-ga -28 =75 =18 =328 =15 =130 =13 =13 -2 -TG
3B 400 a —40 +G2 +118 +18 +768 +18 +54 o +230 O +140 O +ar 1] +57
=32 =128 =1& =115 =18 -84 o -0 o —180 O =120 0 =By
=76 =148 =31 =102 =8 =83 =14 =252 =17 =83 -1 -114 13 —&4
400 50 o =45 +a6 +131 +20 +B3 wel] +50 "] #2250 O +i85 0 +a87 o +B83
—Ha -1 20 =126 =M =105 0O =285 0 =200 0 =142 & =108
=83 =151 =3% =113 -2 -5 -2 25 - -181 =17 =185 =158 =-B3
BOO 830 o] =54 +TE +148 +22 +o2 +22 +E64 i +280 0O +175 0O +110 Q +70
=78 =1p§ =22 =142 =22 =118 0 =330 4 -225 0 -180 © =12¢
- -42 =180 =3B =128 =35 =103 =22 =308 =21 =204 =18 =141 -18 —10d

74




+
9
Table 7.4 {continued)}
"r’Hnulirli Baaring Daviatlona of houslng bore diameter, resultant fits: o
Dilmmmperdar Outeide Tolerances
diameter
] tolarance FT ar Ga Hia He HE HT
mormined ¥ Ceerviatiores thousing bore diametar)
Tightanin B0 £ MBrES
oved wWplo low  high < Tightening/Probable claamnce
TN MM
a3 B0 L] — 75 +E0 +180  +24 +104 +24 +74 s} +320 0 +200 O +126 0 +B0
=8 =235 -24 —-178 -4 =148 0 =385 0 -875 0 -0 0 =155
g =102 213 -—-48 =187 =i =132 ~33 =382 -30 -248 =27 =13 =32 =133
BN 100G O =100 +86 +176  +28 +118 +28 +88 o] +361 0 +230 0 +140 0 +i)
=8 - -28 -218 =25 =182 O =480 0 -33 0 =240 0 =180
-112 -—-g489 =53 =188 =448 =182 -4 417 -aF =251 =3 ;T =27 —-18a |
1000 12350 O =128 a3 +203  +28 +133 +23 +B4 o] +420 0O +280 ©Q +168 1D +105 |
—B4 -2  -gB =dub =23 =218 0O -G48 0 304 Q0 =280 D =230 |
-3 -2¥M =8 =375 =532 -185 -E3 —482  —4B =337 =41 =B -33 —1@7T |
1250 1800 0 =180 110 43235 +30 +188 +30 +10d D0 +500 0 +A1G G +185 0 +105
=110 -348 -30 =315 =30 =288 0 &0 0 =4 0 =355 0O —286
160 -388 =70 =275 -6 —e8  —&7 -558 =80 =410 =51 -4 4G =245
1600 2000 0 =200 +120  +ET0  +32 +1B2 +32 +124 O +800 0 +30 o +230 D +160
120 =470 -32 —3Ja2 -32 = L¥] =800 O =5 O =430 0 =350
=170 =430 -82 —=3az =87 =80 =83 —-FiF T4 —458 —82 =386 =50 =and
2000 2500 O —250 +1230 #3005 +34 +205 +34 +144 0O 700 DO +440 0 +2B80 @ +175
=1M} -5 -34 =458 =34 =384 O -850 0 -0 0 =530 O —d4PR
k: —14% —-488 =B3 =400 =77 —381 =103 =847 =91 =588 =77 -462 -54 -aasi
B

75



Bearings application

Housing fits
i ﬂ 5p)
] o ! s
Table T.4 {cam inued)
."'-Hnuﬂng Boaring Deviations of housing bore diameler, resuiant s ™
Dimmetat Crutaide Tolorances
dlameber
1] tolermnce HE& JT J57 JB J5B K Kr
neminal O Devizdions fhousing bofa diameiary
b hecrnefcal clearance
ower upte bww  high TeghienirgProbable cleamnce
e Hm
g 10 g -8 1] +3 -7 +8 76 +756 -4 +5 —45 45 =T +& -0  +B
0 =17 +T =18 +7.5 =153 +4 =13 +4.5 -1286 +7 =10 +10 =13
-2 —-16 +4 -1a +5 -13 2 =11 +3 =11 +8 -8 +7 =10
10 18 4] —B Q +11 =8 +10 -4 +B =& +& -85 +6,5 -h +2 =12 +8
a -18 +8 -1B +5 =17 3 =14 LE- T -13,8 +8 -10 +12 =14
-F =17 +5 =15 +& —14 +3 -12 +3 =11 +7 =3 +8 -11
18 30 [i] = | ¢} +13 =B +12 =105 +i05 =5 +& —B4 +i5 =11 +2 =16 +d
a —z3a +B - +106 -185 435 =17 +8.5 =159 +11 =11 +16 -1B
-3 =18 +8 -1B +7T L] +2 -14 +d4 =13 +d =g +12 =18
| 38 Ed 1] -11 ] +18 -1 +14 =125 +125 =B +10 =g +B -13 +3 —1id +7
o -2 +11 -6 #1286 -235 4B 21 +B =18 +13 =14 +15 —-18
=3 | 7 -1 i ] +3 -14 +6 =18 +10 =11 Lt =14
sQ  BO 0 -13 i +1% -2 +18 —16 +15 -6 +13 =B5 «+B5 =15 +4 —&1 +&
o o 12 =31 +18 —2B +8 -8 +8,6 225 +16 =17 +21 -22
-4 —2i +7 =24 *10 =23 2 - +8 =1& +11 b +16 =7
-] 120 0 =15 1] # 2 =13 w2 =173 +1r53 -8 +18 =11 +11 -18 +d =25 +1Q
o —ar +1a& —a7 +17,86 -3285 +8 =31 +11 =28 +18 18 +25 -5
=5 =32 +8 -3 +12 —-27 +1 -8 +8 =21 +13 =1d +20 -0
120 160 1] =18 a +25 =14 +28 =20 +20 -7 +18 =125 +1258 =21 +4 -2 +12
o ] +14 - +20 —an +7 -38 +125 =305 +Z&1 =g +z28 -3
=0 =37 LT -37 +13 -a +1 -3 +7 26 +18 =1d +21 =3
180 180 a —-25 o +25 =14 +28 =20 +20 -7 +18 =125 <125 =21 +4 —2B +12
o —50 +14 =& +20 —d6 +7 L ] +12,65 =3r5 +2&1 -2 +2B =a7
=7 =43 +ig =3 +12 =37 i) =36 +8 —-a +1d —22 +20 =25
120 %0 0 ~34 o +28 {8+ -23 0 4@ -7 +82 —14F +145 =21 #5 =33 +13
aQ =58 418 =B0 423 =53 47 =82 4145 -5 24 D5 433 =43
-a -61 +8 —B0 413 —a3 = =4  +8 =38 18 & +23 -
250 35 O -3 0 432 =10 438 =28 2 =7 +2% —18 +18 -27 4B -38  +16
o -BY +18 -T1 428 -8B 47 -B0 418 451 #Z =40 438 -Bi
-3 ~5E =58 {4 =48 =2 -84 +7 —48 418 -a1  +824 =30
ME 400 O -4 o +38 -18  +38 -285 +246 -7 +28 -1 +iB =20 47 =40 +i7
o -7 +18 =70 $3E5 =645 +7 =80 418 =#3 +2 -4  +d40  -B7
=11 =65 8 —~BE  +1% -8 —d4 -88 47 —47 418 -3E 437 =4
400 500 L] ~ 45 o +40 -2 443 -315 +448 -7 +38 & +20 =32  +d =d5 +1B
v} =85 420 =8g #31,5 =793 =T =T Lot =£5 +a2 —-63 +46 ]
—12 -73 +5 —-¥a +17 —E2 —a —88 +5 =51 +20 =41 +30 —48
B0 &30 Li] —E0 0 +44 == e —a5 435 s = =g + 52 =44 o =70 a
o =5 - - +38 —B5 - - +22 -T2 4 =50 +70 =50
=13 =81 e al +1B =£3 - - +H —Rg +31 —ar +54 =34
R i
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Table 74 {continued)

(Housing  Beaing  Devistions of housing bore dismeter, resuttant fils
Diameter Ot bdin Tolarances

diameter
[+ telorance He JET 28 Ki KT

&
nominal ol Deviations fnousing bore diameter)

b} Tighianl sarabical olsarance

over upio low high Tighlaning/Proibable cleamnmnce

W™ ©m
830 B0 L] =75 4] +30 =40 40 —25 +2h -84 a &4 o
u] —126 +d0 -116 +25 =100 +50 =78 +80 =78
=17 =108 +18 -53 +8 —&3 +33 —58 +3d =53
B0 1000 © =1 0 +85 —4B6 +45 —-2B +2B =58 o =50 o
a =158 +43 =143 +28 —128 +58 =140 +H =100
=20 =138 +18 =118 +8 =108 +38 —gt¥ +&3 -T3
1000 125 O =12 0 +E6 =2 +58 -3 +33 —-88 0 =105 o
a =181 +52 =177 +33 —188 +E8 —126 +108 —126
—24 —187 +20 =143 +B =134 +42 =1 +72 =k
1250 1800 O =150 0 +7d =2 & —36 ++ &8 —78 o —135 D
4] =Z3B +62 =222 +38 =168 +78 —180 +126 —180
—30 —208 +22 —182 +H =168 +48 =130 +85 =120
1600 2000 0 =200 O +E2 =75 75 =48 +46 bt 1] a —160 a
4] —282 +7B -276 +48 =gdg +82 =200 +150 =200
=35 - 257 +28 -226 +11 -2 +57 —185 +100 =150
2000 2500 O -23 O +110 —-ag +B7 =65 +53 =110 o =1i7s Q
4] =350 +47 —xay +85 —305 +110 =230 +176 =250
—d3 1 +28 =27d +12 =262 +*&7 =0T +118 —181
e
uRB



Bearings application

Housling fits
0
‘:D = 1 ]
" 1 U 1
Table 7.9 {contnued)
";nuﬂng Bearing Daviatlone of houslng bove diemrier, resultant fits -3
Dimmeter Chunts ki Tolerances
diameter
1] tolarance Ma M7 NE& NT P& Fr
ADmp
naminal Diaedations ng bomg dismelar)
b} Tighlening Theonelenl &l earsraoe

owver upto low  high Tighlening/Probahla claAranca

mm Hm

a 10 4] =8 A =12 -3 =15 a —18 =T —1g —4 -2 =12 =24 =B
+12 =8 +15 =g +15 -1 +18 i} +21 +4 +34 +1
+10 -3 +12 -B +14 +1 +18 -1 +18 +B +21 +4

10 18 ] -8B -16 —d =1B o =20 =B bt | - =28 =15 —28 -11
+18% —4 +18 —B +20 +1 +23 —3 +28 +7 +2H +3
+13 -2 +15 =B +14 +3 +20 a +24 +B +28 +8

18 30 [1] -8 =17 -4 =21 [n} —24 -1 -z28 -7 =31 =18 =35 =14
+1T -0 +21 -5 +24 +2 +28 -2 +31 +8 +35 +5
+14 -2 +16 =B +21 +5 +25 +1 +28 +12 +32 +d

30 1] [1] -11 —-20 —d =85 A —-2B =12 -33 L =37 =21 =42 =17
+20 =T +28 =11 +28 +1 +33 -3 +37 +10 +42 +8
17 =i $ -7 25 +i +20 +1 +34 +13 +38 +10

50 B 1] -13 —24 —B —3a o -3 -14 -8 -B =45 =28 =31 =21
+i2d =g +dd =13 +33 +1 +38 -4 +45 +13 +&1 +i
+21 -4 +25 ] +28 +5 +34 +1 i1 +17 +44 +13

fieg 10 o =15 == = =2 Q =38 -16 —45% =1 —B2 -an0 —Eg e |
+38 =H +35 =15 +3B +1 +45 =3 +02 +1% +8g +&
+23 -4 +30 =10 +33 +d +40 1] +47 +20 Lgic] +14

120 150 o -18 -3 —H = i} =d5 =20 =52 =12 =B =38 = &8 —26
+33 =10 +40 -18 +45 +2 +62 -8 +E1 +1BE +B8 +10
+27 =g +33 =11 +38 +d +45 +1 +58 +a4 81 +17

180 180 L] —25 -3 -8 =40 a —da5 =30 -62 =12 =B =38 =Ed =28
+33 =17 +40 -25 +45% =8 +82 -13 +51 +11 +64 +3
+2 =10 +32 =17 +38 +2 $ad =5 +h4 +1a +40 +11

180 280 L1} —30 —ar -8 —48 o -B1 —-22 —B0 —14 —Ta —-41 * -T7H =34
+37 -2 +48 =30 +51 -8 +E0 =16 o +11 +78 +3
+33 =14 +3d =20 +43 a +50 =B *«E2 +18 +E8 +13

=0 M8 o =38 —41 =g —82 o -87 —-28 —-B8 —14 —-Ta —dq7 —aa =3d
i1 =20 +52 -35 +47 =10 +88 =21 +7g +12 +£4 +1
52 =17 +40 =23 +iE =1 +54 - 4T +21 * TG +13

S 40D Q —44d . i ] =10 =07 4] =52 =28 =73 =16 =BT =51 =Eg =41
+48 —3a +&7 —40 +é2 —14 +1a —24 +&7 +11 +B0 +1
+35 =18 +ibd] —Zr 51 -3 +50 =11 +76 +&2 +e5 +u4

LU a —a5 —50 —10 —B3 2 — &7 —27 —&0 =17 -85 —55 =148 =45
+50 =35 +83 =il +B7 =13 #=B0 =25 +8% +10 + 108 o
+38 —&d +48 —30 +E5 — +iE -13 +83 +23 +83 +15

S0 830 o -0 =70 ] —dBE -8 —EL —dd =114 —i4 —-122 ~Ta =148 =T
+70 =24 +88 =24 +E8 =8 +114 =g +122 +28 +1448 +24
+57 =11 +80 -G +7T5 +7 +04 +1d +108 +i41 +138 ki
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Table 7.4 (continued)
H Bearing housing
ousl Devistions of bore dlamster, resuRant s

nllrunEr Dutaide Toleramntes '

: diammarter

i) tolerance Ms T He M7 P& BT

A0m

nominal v Dravintlors h-nuslm bore diamatar)
Tightening/Thea LT TN

onar upte low  high TighlaninaPrabakle cleararcs

M Jim

B30 800 L —7T3 @m —80 =al =112 =g =1e0 == =130 =3l =138 =B =168 =dE
+30 =45 110 =g $100 =25 +130 =25 +136 +13 + 186 +13
+83 | +88 —Z3 +E3 -4 +108 -3 +121 +30 + 146 +356

Bih 1000 @ =100 =H0 =3 =124 =3 =112 =5A =148 =58 =156 =100 =180 =100
+G80  —&A 124 —iA +112  —44 4148 —44  +166 O +180 O
+70 =46 +a7 =38 +BE =24 +118 =17 +138 +20 +163 +27

1000 12350 © =125 =1DE —40 —145 —40 -13a2 —EE —-1M —LE — 186 =120 —225 =120
+105 —&8 +148 —£4 +132 =24 +171 =58 + 188 =3 +E2a =5
+32 =& w112 =52 10 =35 +138 =73 + 182 19 182 +26

1250 1600 © =180 =126 —48 -173 —48 —158 78 —204 —T8 218 —143 —286 —144
+1286 -i12 +173 112 +158 -2 +208  -42 +218 =20 +268 =20
+86 -8z +133 -T2 1283 =i + 163 =2 + 136 10 w225 $20

1000%000 o =00 =150 | —200 —Eq =184 -2 —242 —-52 262 =170 =241 =17
+160 —142 +208 -142 +184 =108 +242 =108 +282 =30 +220 =30
+115 =107 4156 =52 +148 =73 +182 -5 +22T7 +5 +270 +20

2000 2500 O —&a0 -174 —E8 —add =&3 —2el =110 -245 =110 =305 =153 =370 =185
+178 =132 23 =182 +2E1 =140 +283 =140 +305 =53 =370 =55
+135 =138 +1Bd —-123 +177 —&7 +22f —a1 +2A2 =12 +311 +4




Deviations of form and position

Permissible deviations of form and position for shaft and
housing where bearings ars to be mounted are given in fig.
7.3 and table 7.5.
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Hg.7.3.
Permissible devialions depending on ihe toleranca class
Table 7.5
! Toleranoe Fit Bymbal of Parmiasibie devistions depending on the talorance olass
name crvintlon PO PaX P8 Ps Pd P2(LIP)
Tolerance of ahafl ITALITS) ms" ma m4 fTa
dimensden housing = = TriETE) mé TS w4 ma
Tq {IT3 Ima T2 IT1 mh
i o W 2 [ 2 ’ z [ z ] : z 2
roundness and O
T& [[T4 T4 [IT2 T3 T2 Im
Bnd — (= — |= — == —
oyHndrbcity hausling L1q 2 [ 2] 3 [ = ] - = 2
Tolerance of ghat T4 (T3 [T30T2) T2 IT1 ma
faca runcut hesing ;‘ 2 e F4{Ta) ma M2 m
Tolerapos of ghaft i [T5 s T4 T3 ma
popontrthchy kausing 2 (T8 iTs TG ITd m3
Tolerance of shaft | mr T m4 ma iT2
L:nnmm 2 74 E 2 2 2 2 2
T i A
B0 uEa



In casa of bearings on which adapter or withdrawal  shaft tolerance hi0.
sleeves are to ba mounted, the shaft tolerances for devia- Surface roughness of bearing seating is glven In table
tions of form and position should be to IT 52 tolerance 7.6,
clazs for zhafts with diameter tolerance h3 and |TF/2 for

Shaft and housing mounting surfaces roughness

Table 7.5
'fﬂllr]nu Shartt Heuslng &
talermmnce
oilass Diameter d, mm Dilsmeter O, mm
=B) =B0.500 =500 =B >B BOG  »500
Raughness Aa, gif
Po, PEX and P8 o8 1,8 3.2 0,8 1,8 3z
(NE) (M7 ] {MEB) M7 (ray
P5, 5P and Pa o4 0,8 1,8 o] 1.8 18
(] NT) [ME) () Lk
P2 and UP o2 [ o4 04 a8 0,8
] (s [ME] S s (ME)
N W,
¥ bearngs are mounted with adapter or withdrawal The values of fundamental tolerances - 180 (tolerance
gleaves, shaft surface roughness should be of max.  classes ITO...IT12) are given in table 7.7.
Ra = 1,6 pm.
Tolerance IS0 (IT)
Hominal dimenslon, mm Table 7.7
im 1 3 @8 10 18 30 B0 B0 120 180 250 H5 400 500 630 BOC 1000 1350 1600 2000 zsw_‘ﬂ‘
upte 3 6 i 18 30 S50 B0 120 140 268 0 0MS 400 SO0 &0 8OO 1000 1250 1500 2000 ZAOO 3150
Tolarances in micromatars (3,001 mm)
T g5 08 OB 03 1 12 16 2 i 4 5 :}
T T | | 12 15 15 2 g5 98 46 & 7 a8
m2 t2 15 15 2 28 25 3 4 E 7 8 B i
T 2 2% 25 3 4 4 5 A a 10 12 13 15
I 4 4 & 7 8 19 12 14 B 186 =20
s B a8 & @ 11 13 16 18 20 B3 ©5 ¥ =28 32 38 42 S e To 88
ITa E a 8 " 132 18 18 2} = 2 a2 AF 40 44 B0 B4 B8 TE B2 190 138
i W 18 18 18 21 2% 30 38 40 48 E* 57 E3 T A&} @) fO05 25 150 175 20
e 14 18 22 2 &3 38 48 E B3 T2 B 48 &7 110 1425 140 eS8 195 220 28D 330
iTa o5 3n 86 43 HE® B2 74 BY 00 115 130 140 155 175 200 @20 P80 30 IT0 44D 540
TG 40 48 B8 7O B4 100 120 140 180 185 210 290 240 280 220 360 420 500 60O OO BED
™1 B0 7% 20 Mo 130 180 180 290 250 20 320 380 400 440 500 560 B0 VRO 820 1100 1350
IT2 00 120 150 180 =210 250 #00 350 400 480 520 570 820 VOO A00  BODD 1050 1250 1800 1750 2100




Bearing axial location

Axlal location of bearings is necessary far a proper guid-
ing of bearing In an assembly under operation,

An tight fit is Inadequate for the axlal location of bearing.
In case of locating bearings, axial location for both rings Is
generally needed. Some important solutions of bearing
axial location, an shaft or into the housing are shown in
Fig. 7.4,

In case of bearings with light axial loads, bearings can
be located using & lock nut and a lock washer (a), an end
plate fastened by a screw at the shaft end (b} and, for
bearings carrying light axial loads, by etk rings mountsd
In shaft and housing grooves (o).

Bearings with NR design, with groove and snap ring on
the outer ring can be sasily located by the lock ring (d).
Tapared roller bearings can be located by supporting the
inner ring on the shaft shoulder and the outer ring with a
threaded ring and a safety plate fastened by a screw (8).

Tapered bore bearings can be mounted and axially
locatad by adapter or withdrawal sleeves (f, g, h).

The axial load carrying capacity of the bearings mounted
with adapter or withdrawal sleeves |z governed by the
friction between shaft and sleeve (g).

To locate radial bearings, whare axial adjustment of the
shaft is required, setting washers (i} or spacer rings ()) are
usad between the outer rings, the width of the spacer ring
being axperimentally determined, during mounting,
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Bearing sealing

Seals are used In mostof bearing arrangements and they
must ensure the conditions of a proper operation.

For such a purpose, they have to prevent solid con-
taminants (dust, hard particles, water, aggresaive substan-
ces ote.) from penetrating into the bearing and at the same
time to retain the lubricant in the bearing,

Seals for rolling bearings can be classified considering
some important criteria such as: design, operation, type of
lubricant etc.

Considering thelr design and operation, geals can be:
stationary seals between the stationary bearing slemants
{(housing and cover), rotary seals, between the rotating
bearing elements and they also can be rubhing seals ar
nan-rubbing seals, which are used in speclal applications
{surreundings conditlons and loading stress).

Aotary non-rubbing seals are often used due to thelr
gimple deslgn. They are particularly used at high speeds
or temperatures, both for grease and ofl, and have pract-
cally no frictlon and do not wear,

In case of bearing grease lubrication, bearing operating
tempearature must be lower with 20°C than the dropping
point of the grease (meling temperature ).

Tha main constructive types of ratary non-rubbing seals
have narrow gaps, labyrinths and their combinations ara
shown [n fig. 7.5 a-¢.

Gap seals represent the simplest constructive salutlon
for a rotary non-rubbling seal which have to retain greass In
the bearing housing. The efficacy of sealing depends an
the gap length {L) and the clearance between shaft and
housing. & can be Improved by providing one or more
circular grooves on the shaft or In the housing, which are
to be filled with grease (b). In case of oll lubrication, the
grooves on the shaft must be helical (¢} and their direction
must be the same with the direction of the shaft rotary
movament.

Experiments proved that most favorable clearance [ ob-
tained batwean tha limits of the fit 411/h10, geometrical devia-
tlons should be T6 and gap surface roupghness Ba = 12,6 gm,
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Fig.7.5
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Labyrinth seals are used at high peripheral speads, in
impura surroundings. Thay are shown in flg. 7.6 a-d.

The labyrinthe are spaces where perodically water-in-
soluble grease (e.g. Lithium or Calcium base grease} Is to
be supplied.

The tongues of the labyrinth seals can be radlally (a),
axially (b} arranged or they can have Inclined passages,

Datalls of an axial labyrinth deslgn are given in fig. 7.6 d
and values of axial clearance r and length L are given In
table 7.8.

VYalues for dimansions rand L

Toble 7.8
ﬁ Axial Lengih -ﬂ',
olearance

| over up b r L

e

- 50 1.8 13,6...27

a0 180 2 18...38

120 16D a8 22 5..458
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Fg. 7.7

Sealing efficacy increases where both radlal and axial
labyrinths are used and the number of gaps is increased.

Other types of seals are shown In fig. 7.7 a-¢.

in case of rotary rubbing seals there is a direct contact
between a saal elastic element and the rotating element.
They are shown in fig. 7.8,

When selecting the proper retary rubbing seal, the faol-
lowing factors have to be considered: material and its
elasticity (felt, rubber, plastics, leather, graphite, asbesios
etc.}; resistance at varlous temperatures, maximum
periphesal speed on sealing surface; sealing directlon etc.
These systems have =ealing properties higher than those
corresponding to non-ubking seals. In case of grease
lubrication at peripheral speeds higher than 4 m/fs and
temperatures over +100°C, felt ring seals (a) are frequently
used because of their simple design and cheapness,

Before mounting, felt rings are Impregnated during an
hour with a mixture of mineral oil (6%) and paraffin [34%),
at atemperature of +70... +80°C so that sealing properties
ara improved as the friction is reduced.

At higher temperatures and peripheral spesds over 12
mis, surface roughness is Ra = 1,6 pm and the space
between the ends of the seal should be filled with grease.
Two felt rings can be used for sealing,

Rubbing seals with a spring incorporated are preferably
to be used in ¢ase of oil lubricated bearlngs which are
operated under peripheral speeds of 510 m/s, tempera-
tures between -40°C and +20°C, Their efficacy depends on
the materjal and operating sumroundings.

In most cases, rubbing seals with & spring incorporated
are made of synthetic rubber and have a matallic hardening
fixture.

Inclined sealing surfaces are recommended to be
graund at Ry = 0.8:m and hardened at 45 HRC, when
operating at peripheral speeds over 8 m/a. Lubricant out-
flow can be stopped by mounting the rubbing seal with
incorporated spring with the edge inwards {c) or outwards
(d) i sealing has to prevent dust or other impurities from
penetrating into the bearing.

Double sealing with these rubbing seals can also be
used,
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Flg. 7.8

V-ring seal is used to prevant dust or contaminants from
penetrating into the bearing with best results both in case
of grease or oll lubrleation. The elastio rubber lip of the
V-ring seal is notched on the plane sealing surface, drawlng
the flulds in centrifugal motion. V+ing seals are used at
temperatures ¢f —40°C... + 100°C, roughness of ssaling sur-
face being Ry = 1,5-3um. Generally, at peripheral speeds
up to 15 m/s, the Vering seal operates as a rubbing seal



{seal llp reaches sealing surface), and at peripheral spesds
over 15 mys the seal lip will it from the sealing surface,
aperating as & centrifugal sealing.

V-ring seals can also be used in case of angular misalign-
ments of the shatt (2°...3°), as they are made of high quality,
elastic rubber, easy to be mountad.

The efficacy of sealing depends on the fact that the ring
body acts as a flinger for dirt and fluids, Therefore, with
grease |ubrication the seal Is generally arranged outslde
the housing and with oil lubrication it is placed inside the
housing.

Pressed sheet washers provide simple, inexpensive and
space- saving sealing especially for grease lubricated deep
groove ball bearings. The washers are clamped against
aither the outer ring or the Inner ring and exert & rasilisnt
pressure axlally against the rubbing ring. For tapered roller
bearings, two elastic washers are usually used, the space
betwean them being filled with grease.

in =ase of usual applivations, the types of seals men-
tioned above or their combinations shown in fig, 7.9 are
used, somea of them becoming standard seals for rolling
bearings { e.g. labyrinths, falt rings, Verings etc.). Thus,
better sealing can be obtained if felt ring (a) or V-ring (b}
rubbing seals are combined with radial or axial labyrinth
non-rubbing seals,

Special seals are used in cage of unusual surroundings
and loading condlitions {e.g. rolling mills, helm of ocean-
vessels, main shaft of grinding machines etc.)

Sealed bearings of the type 2RS (2RSR) {a} or shielded
bearings of the type 2Z (22R) (b} shown In fig. 7.10 a.b.
provide simple and inexpensive sealing, with upper operat-
ing results, These rolling bearings are delivered ready
greased , provislon for relubrication and malntenance are
not neaded, They are used In case of bearings with amall
free spaca whera other seals cannot be usad.

Fig. 7.10




