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Rolling bearings are considered as the inspection monitor for the performance of machines. There
are many parameters affecting the performance of this type of bearings, including type of rolling
bearings, applied loads (radial or axial), type of lubricating medium, type of mounting fits
between the bearing and its shaft (and housing) and the temperature of the environment. The
study of this paper has focused on investigating the effect of mounting fits on bearing
performance. The study concentrates on determining the effective clearance between the various
elements of bearing (inner ring, outer ring, and rolling elements). The importance of the effective
clearance lies in its ability to affect the load distribution throughout the bearing rings and
subsequently, affecting its operational life. It can also affect the noise and vibration raised from
the bearing elements during operation. Moreover, it can change the motion of the rolling elements
in the bearing from rolling to sliding which increases the friction in the bearing. The study has
also manipulated the effect of temperature differences between the bearing rings on its
performance and concluded that it is influenced only by values of high temperature differences.
The results showed also that it is better to make the fit between the inner rings with their shafts be
of more tight (press fit) than the fit between the outer rings and their housings (loose transition fit)
such that at high values of temperature difference between the bearing components.
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INTRODUCTION

Bearings are considered among the most important elements of
power transmission in machines. The main purpose of using
bearings is to carry or support rotating shafts in machines to
transmit the reaction loads from the shafts to the housings with
low friction. They are classified as either sliding or rolling
bearings. Rolling bearings are more efficient, and therefore
much more widely used in various engineering applications
than the other bearing types due to their low friction, low
maintenance, and high indication signals before failure. The
performance of rolling bearings depends on many parameters.
Some of these parameters are related to the mounting process
(as the mounting fits, assembly process,...etc.) and the others
are related to the operation and condition monitoring process
(as the applied loads, temperatures, vibrations,..etc.) [1]. The
bearing mounting fit is considered as one of the most
important parameter affecting the performance of the rolling
bearings. Normally, the general fit which is used for mounting
these rolling bearings is transition (or light interference) fit,
where, the inner rings are fitted on their shafts by press fit

(tight fit). Whereas, the outer rings are fixed on their housings
by a transition fit (low tight fit). The more tight fit may so
prevent the relative motion between the fitted parts during the
operation that may increase the friction between the bearing
moving parts. Most of the bearing manufacturers [1-3]
recommend to mount the bearings on their shafts with a tight
transition fit (light interference fit), and to insert the bearing
outer rings on their housings with a slight transition fit. The
advantage of the tight fit between the inner rings and shafts is
that it provides a uniform load support over the entire ring
circumference without any loss of load-carrying capacity [4].
Although this tight fit is necessary for the proper performance
of the bearing, it may cause a difficulty in the assembly and
disassembly processes of the bearing rings on shafts and
housings. It may also cause an increase in the friction induced
in the bearing elements. For this reason, a proper fit must be
carefully chosen during the process of mounting the bearings.

Although the bearing rings are fitted on their mounted parts
(shafts and housings), a proper clearance between the rings
and the rolling elements is necessary for smooth running. This
clearance may be in the radial, axial or both directions. The
internal radial clearance is considered to be among the most
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important factors affecting the performance of rolling
bearings. This clearance is important to account for the relative
radial motion between the outer and inner rings of the bearing
as they are lightly pushed in opposite directions. Radial
internal clearance is rather important for rolling bearings since
it influences their performance and operation. Due to the
additional tightening of fits between bearing rings and their
mating parts, the radial clearance, sometimes called effective
clearance, may change under the applied loads that may be
encountered during operation. Moreover, due to the loads
supported by the bearings, there is an elastic deformation
which may occur in both bearing rings leading to further
change in the effective radial clearance [3]. Additionally in
some applications, an improper fit may cause damage and so
shorten the bearing life. Therefore, it is necessary to carefully
select a proper fit while assembling the bearing on the shaft
and housing. Examples of some of the bearing failures caused
by improper fits include: raceway cracks, raceway early
flaking and displacement [4]. Regarding the effect of bearing
fit on the vibration occurred in it, paper [5] gives an example
of a vibration mode in which the outer raceway ring
(considered as an elastic body) is failed due to the high
induced vibration. Where, the vibration mode in that paper has
been divided into two modes; radial and axial modes. In that
two vibration modes, the outer ring has become a problem
more frequently raised in bearings. The results of that paper
has concluded that the vibration and sound generated by
rolling bearings is relatively low compared to other machine
components. For this reason, continued research, not only on
selecting the bearing type, but also on their mounting fits.
Regarding the effect of the environmental temperature on the
bearing performance, a thermal model was developed by M.
Chandra S. Reddy [6]. That model has studied the rate of heat
generation, temperature distribution, deformation and thermal
stresses occurred in the bearing system at various rotational
speeds and different applied loads. A thermal stress simulation
has been conducted and it was observed from that simulation
that the temperature in the bearing has increased with the
increase of the heat generation developed in bearing, The
author of that paper found also that at the rotational speed of
5000 rpm, there is no considerable temperature difference
between the inner and outer rings (the maximum temperature
in the inner ring is 41.90 °C and in the outer ring is 40.750 °C).
He found also that the rotational speed has influenced the
radial stiffness of the bearing which tends to decrease with
increasing the shaft speeds.

Problem definition

Bearing internal radial clearance is the total radial distance
through which the two rings can move each relative to other in
the radial direction. This radial clearance changes before
mounting and after mounting the bearing on its mating
elements (shaft and housing). The before-mounting internal
clearance has a value more than its value after mounting due to
the effect of mounting loads and the thermal expansion of both
the bearing rings [4]. The main factors affecting that radial
clearance can be summarized as: the dimensional accuracy of
both the rings and the rolling elements, the temperature of
operation of the bearings, the materials of all bearing elements,
as well as the mounting fits of the bearing rings. In this
section, the influence of these parameters on the effective
radial clearance will be considered in details to see what
factors have the main predominant influence on the bearing
performance and which can be ignored.

Determination of the internal clearance

The internal effective clearance, 8, shown in figure (1) can be
determined using the following equation [2]:

6 =6, — (6p0 + 65 + 6¢) (1)

Where;

9, = the theoretical internal clearance (geometric clearance)
between the rings and rolling elements (recommended by
the manufacturer of the bearing).

0y, = the clearance reduction due to the mounting fit between
the outer ring and housing.

0;; = the clearance reduction due to the mounting fit between
the inner ring and shaft.

9, = the clearance reduction due to the temperature difference
between the bearing and ambient.
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Figure 1. Radial types of clearances that exist in the bearing
Other Affecting Clearances [3]

i- Operating Clearance; the operating clearance is the
actual clearance when the bearing is mounted and
operated under loading, where the effect of elastic
deformation is included, as well as the effect of
mounting fits and temperature changes. Generally, the
operating clearance is not used in the design calculation
of bearing due to its very little value [2].

ii- Elastic Radial Clearance; this is the clearance resulted
from the elastic deformation of the inner ring, outer
ring and rolling elements under loads. Since this elastic
radial clearance is very complex and has also a small
value compared to the other types of clearances,
therefore it can be neglected [2].

Hence, the effective clearance can be considered as the most
important clearance in bearings. As a theoretical speaking, the
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bearing having an effective clearance, 8, of slightly negative
value will give the longest life [4]. Where, this slightly
negative clearance means that this clearance will turn into
positive by the effect of bearing loads. Since it is impossible to
make the clearance of all the bearings has the ideal effective
clearance, therefore the minimum value of that effective
clearance must be zero or of slightly negative value [4]. To
achieve this zero or slightly negative value, the radial
clearance due to the mounting fits must be accurate
determined. In this study, this effective clearance will be used
as the main criterion for evaluating the mounting fits of
different types of bearings.

Mounting Fit Selection

The selection of the proper fit depends on the shaft and
housing material, bearing dimensions, surface finish accuracy,
etc. It also depends on the machinery operating conditions;
nature and magnitude of load, rotational speed and temperature
difference. The bearing fit is governed by the selection of
tolerances for the bearing shaft diameter and housing bore
diameter [1]. Widely used fits for bearing rings with shafts and
housing bore include light interference and transition fit,
respectively.

Tight fit vs. Loose fit [4]

A tight fit is necessary for raceways under rotating loads. On
the other hand, for race ways under static loads (or low speed
shafts), a loose fit is sufficient. For non-separable bearings,
such as deep groove ball bearings, it is generally
recommended that either the inner ring or the outer ring be
given a loose fit.

Housing

JIS class 0 H7
bearing i

B [

Loose fit Transition fit

Tight fit

Types of fits

Transition fit Tight fit

pé

JIS class 0 -
/| bearing i "

J5
Admp i‘ hé
5 | g5 —

Shafts

msﬁﬁﬁiﬂﬁ

Figure 2. State of fits between bearing rings and mating parts [4]
Minimum and Maximum Values of Tolerances [4]
Selecting the reasonable mounting fit of the bearing rings on

shaft and housing requires taking the following considerations
into account:

1. The applied radial loads may decrease the clearance fit
between bearing elements.

2. The temperature differences between bearing surface
and ambient may reduce the clearance fit between the
bearing elements.

3. The variation in the surface finish of fitted surfaces may
also affect that clearance fit.

4. The upper limit value for the tolerance of inner ring
should not exceed 1/1000 of the shaft diameter [4].

The various types of fits which are recommended by the
manufactures of bearings for both the bearing rings and
shafts/and housings are shown in figure (2) below.

METHODOLOGY

In this section, the radial internal clearance between the
bearing elements will be calculated before mounting and after
mounting the bearing on its mating elements (shaft and
housing). The bearing mounting fits will be considered for two
cases; without temperature differences and with temperate
differences effect.

Bearings Mounting with Different Types of Fits (without
considering the effect of temperature difference between
bearing and ambient)

In this study, a rolling bearing with designation SKF 6206
single row deep groove ball bearing [7] has been chosen for
studying the effect of different mounting fits. This bearing has
the following dimensions, as shown in figure (3) and table (1):

Bore (inner diameter) of bearing (d)= 30 mm

Outer diameter of bearings (D)= 62 mm
Face width (B)= 16 mm

r"E:ﬂT |
IO, T1IO

DO, +— d d, 0.

L [O]

Figure 3. Deep groove ball bearing dimensions [7]

Effect of changing the fits between the bore of the inner
ring and shaft: Four different fits are used between the inner
ring bore and shaft (hole-based system); two of light transition;
$30 H7/k5 and $30 H7/m5, and the others of heavy transition
(press fit); ¢30 H7/n5 and ¢30 H7/p5. Whereas’ the fit
between the outer ring and housing (shaft-based system) is
kept at ¢62 N8/h7. The effective clearance between the
bearing components has been calculated using equation (1)
and results are shown in table (2) and figure (4) for different
bearing/shaft fits. The methods of calculating the terms of
equation (1) are explained below table (2).
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Table 1. Bearing Designation and dimensions [7]

Princ Basic load ratings Fatigue Speed ratings Mass Designation
dh'nenir;?irﬁ dynamic :l.:tarli:_}.'EI In:\;l&t'I Reference  Limiting e
limnit spead spead
d o B C Co =
mm kN kN rfmin kg -
30 a2 7 .48 28 0,148 32 000 20000 0,027 61606
47 B 728 4,55 0212 30 D0 18000 0,051 61906
55 -] 11.9 7,35 0,31 28 0D0 17000 0,085 * 1 600G
85 13 138 B3 0,355 28 D0 17 000 0,12 * G006
&2 10 158 102 D4 22 000 14 000 012
-l 57 18 20.3 112 0,48 24 000 15 000 0,20 * g20q i
B2 16 23,4 12.9 0,54 24 000 12 000 0,19 G206 ETHS
T2 19 29.6 16 0,87 20 000 13 000 0,35 * G0
T2 19 25 173 0,74 22 000 14 000 0,33 G3I0GETNS
o0 23 43,8 3.8 1.00 18 000 11000 0,74 G408

Table 2. Fits and tolerance limits of bearing rings with the effective clearance for different fits between inner rings and shafts

Fit designation for inner ring Shaft tolerance Inner ring bore tolerances | Max. interference*, 8 Effective Clearance***, §
®30 H7/kS $3013933 ?301392% 0.011 mm -0.008 mm

®30 H7/m5 $3015:93% 0.017 mm -0.014 mm

@30 H7/n5 $3015:52¢ 0.024 mm -0.021 mm

D30 H7/p5 $3015:933 0.033 mm -0.030 mm

Fit designation for outer ring Outer ring olerances | Housing tolerances Maximum transition**, &,

D62 N§/h7 06215999 p62-552 0.050 mm

*Maximum interference between the shaft and bearing inner ring (inner ring clearance reduction),
Os= maximum shaft - minimum hole (inner ring bore)

**Maximum transition between the housing bore and bearing outer ring,

Og,= minimum hole - maximum shaft (outer ring).

*#*Effective clearance, § = 8, — (6, + 65 + 6¢)

Table 3. Radial internal clearance in deep groove ball bearings [1]

Units : pm

Nominal Bore Clearance

Diameter -

 (mm) c2 CN c3 c4 cs
over incl, min. max. | min, max. | min. max. | min. max. | min. max,
10 only 0 7 2 13 8 23 14 29 20 37
10 18 0 9 3 18 11 25 18 33 25 45
18 24 o 10 5 20 13 28 20 36 28 48
24 30 i | 11 5 20 13 28 23 41 30 53 ==
30 40 1 11 B 20 15 33 2B 46 40 64
40 50 1 11 6 23 18 36 30 51 45 73

Where, C2,CN, C3....etc. are clearance classes, the smaller values should be used for bearings with
minimum clearance and the larger values for bearings near the maximum clearance range [1].

d= 30 mm, D= 62 mm

€ 0.000

£ -0.005 I

g -0.010

c

© -0.015

©

2 -0.020

o

.g -0.025

-t

§ -0.030

& -0.035

H7/k5 H7/m5 H7/n5 H7/p5
Bearing/shaft fit

Figure 4. Effective clearance for different inner ring/shaft fits
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The internal radial clearance, &, = depends on the clearance
class of bearing and its maximum value could be get from
table (3) for deep groove ball bearings as 6,= 0.053 mm.

Note that the radial internal clearance caused by
temperature difference changes between bearing and
ambient (&;) has been ignored in this comparison.

Effect of changing the fits between the outer ring and the
housing: Four different fits are proposed between the outer
ring and housing (shaft-based system); two light transition,
D62 J8/h7, @62 K8/h7, and the other two are heavy transition
(press fit); @62 M8/h7 and ®62 N8/h7. Conversely, the fit
between the inner ring and shaft (hole-based system) is kept at
®30 H7/m5. Table (4) and figure (5) show the variation of the
effective clearance with different bearing/housing fits.

Bearings Mounting with Different Types of Fits (with
considering the effect of temperature difference between
bearing and ambient)

In addition to the mounting fits of bearing rings, the internal
effective clearance between the bearing rings is also
influenced by a reduction in the radial clearance caused by the
bearing and ambient temperature differences. During the
operation of the bearing under loads, the temperature of the
entire bearing (including inner ring, rolling elements and outer
ring) increases. Since the magnitude of this temperature
change is very difficult to measure or estimate, all the bearing
elements (in this manner) is generally assumed to be as a
single unit having same value of temperature as the inner ring.
The reduction in the radial clearance caused by the effect of a
temperature difference between the bearing and ambient can
be determined using the following equation [2]:

6 = aAD, 2)

Where;

D= Effective diameter of bearing = @ for ball bearings

=34 for roller bearings

o = the linear thermal expansion coefficient

A, = the temperature difference between bearing and ambient
D= the outside diameter of outer ring

d= the inside diameter of the inner ring (bore diameter).

Effect of changing the fits between the inner ring bore and
shaft with temperature difference: As in section 3.1.1, the
same four different fits are proposed between the inner ring
and shaft (hole-based system); two of light transition; ¢$30
H7/k5 and ¢30 H7/mS5, and the others of heavy transition
(press fit); $30 H7/n5 and ¢30 H7/p5. The fit between the
outer ring and housing (shaft-based system) is kept at ¢p62
N8/h7. However, here, the temperature effect has been taken
into consideration. The temperature difference (A, has been
assumed to be 10 °C and the linear thermal expansion
coefficient (ar) to be 12.5 x 10 /°C [2]. The bearing equivalent
diameter (D,) is determined as: D, = =2¢ = 55.6 mm (ball
bearing) and the thermal clearance due to the effect of
temperature difference as: §; = a A;D,= 0.00695 mm. Table
(5) and figure (6) show the variation of the effective clearance
with different fits between inner rings and shafts with
temperature differences of bearing elements.

Effect of changing the fits between the outer ring and the
housing with temperature difference: As in section 3.1.2,
four different fits are used between the outer ring and housing
(shaft-based system); two light transition, ®62 J8/h7,
@62 K8/h7, and the other two are heavy transition (press fit);
®62 M8/h7 and @62 N&/h7. The fit between the inner ring and
shaft (hole-based system) is kept at @30 H7/m5. However,
here, the temperature difference effect has been taken into
consideration (A, is assumed to be 10 °C) and a to be 12.5 x
10 /°C. 8, is as before= 0.00695 mm. Table (6) and figure (7)
show the variation of the effective clearance with different fits
between outer rings and housings with temperature differences
of bearing elements.

Effect of Bearing Temperature Differences on the Bearing
Effective Clearance

In this section, the fit between the inner ring and shaft is kept
fixed at ¢ 30 H7/mS5 and also the fit between the outer ring and
housing is also kept fixed at ¢ 62 N8/h7. The effect of
temperature difference between bearing and ambient has been
taken into consideration at different values, A= 10, 20, 30, 40
°C. The maximum variation in bearing temperature is taken as
40 °C since the maximum allowed temperature for bearing
surface is 70 °C, otherwise the bearing grease will be liquefied
and leak out during operation. The coefficient of linear thermal
expansion is taken also as 12.5 x 10 /°C. Table (7) and figure
(8) show the variation of the effective clearance with different
temperature changes of bearing elements.

RESULTS AND DISCUSSION

By referring to the results given in table 2 and/or figure 4, it is
shown that the effective clearance between the bearing rings is
greatly affected by the type of fit between the inner ring and
shaft. This clearance has increased by a considerable amount
when a very tight transition fit (press fit of grade “p” or more)
is used. This means that for high loaded bearing, it is preferred
to use a very tight fit between bearing inner rings and shafts.
This is to make sure that this transition fit will not transform to
a loose clearance between the bearing elements under loading.
Where the loose clearance may cause more vibration in the
bearings and, thus, decrease the operating life. On the contrary,
the results given in table 4 and figure 5 shows the change of
the effective clearance due to the change in the fit between the
outer rings and housings is so little that can affect the
performance of the bearing. This means that changing of the
outer rings’ fit with their housing has a non-considerable effect
on its performance operation. Similarly, the results given in
tables 5, 6 and figures 6, 7 show that when there is a change in
the temperature difference between the bearing and ambient,
the inner rings fit also has a major influence on the effective
clearance. On the other hand, the outer ring fit still has a minor
influence on that clearance, even in the presence of the
temperature change. Finally, the results given in table 7 and
figure 8 illustrate the change in the effective clearance with
changing the temperature differences between bearing and
ambient. When this change is doubled, the temperature
difference increases by four-fold. This means that the
temperature difference has a considerable effect on the bearing
performance such that at high loading and/or at high
environmental temperatures.
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Table 4. Fits and tolerance limits of bearing rings with the effective clearance for different fits between outer rings and

housings
Fit designation for inner ring Outer ring tolerances Housing tolerances | Maximum transition, 8;, | Effective Clearance, &
D62 J8/h7 06215928 0.018 mm +0.018 mm
®62 K8/h7 (362:+0.000 06215912 0.032 mm +0.004 mm
©62 M8/h7 ~0030 0621309 0.041 mm -0.005 mm
®62 N8/h7 0622599 0.050 mm -0.014 mm
Fit designation for outer ring Shaft tolerance Inner ring tolerances | Max. interference*, 8
®30 H7/m5 030%9:917 93013921 0.017 mm

Table 5. Fits and tolerance limits of bearing rings with the effective clearance for different fits between inner rings and
shafts with temperature differences of bearing elements

Fit designation Shaft tolerance Inner ring bore tolerances Max. interference, &5 Effective Clearance, &
for inner ring
®30 H7/ k5 $30%0:083 0.011 mm -0.015mm
®30 H7/m5 93015087 ?3010:055 0.017 mm -0.021 mm
®30 H7/n5 03019058 0.024 mm -0.028 mm
@30 H7/p5 ?30%0:033 0.033 mm -0.037 mm
Fit designation Outer ring tolerances Housing tolerances Maximum transition, dg,
for inner ring
D62 N8/h7 06215039 P622-0:3%¢ 0.050 mm

Table 6. Fits and tolerance limits of bearing rings with the effective clearance for different fits between outer rings and
housings with temperature differences between the bearing and ambient

Fit designation Outer ring tolerances Housing tolerances Maximum Effective Clearance, 3
for outer ring transition, 8y,
©62 18/h7 06210028 0.018 mm +0.003 mm
®62 K8/h7 06219912 0.032 mm -0.022 mm
+0.000
62 M8/h7 06225030 06210005 0.041 mm -0.020 mm
D62N8/h7 p62-590% 0.050 mm -0.029 mm
Fit designation Shaft tolerance Inner ring bore tolerances Makx. interference, 85
®30 H7/m5 03015937 030339338 0.017 mm

Table 7. Effective clearance for different temperature changes of bearing elements

d= 30 mm, D=62 mm d=30 mm, D=62 mm & At=10 °C

0.02 0.000 ‘

0.015 - -0.005 -
E om E 0010 | -
& 0.005 g -0.015 —
8 m s |
- 0 - - - I $ -0.020
o o
2 -0.005 - - S -0.025 ‘
g B |
£ 001 & -0.030 - —
w ‘ w ‘

-0.015 - . -0.035 | L

-0.02 ’ -0.040 ‘

J8/W7  KB/h7  MB/h7  NB/h7 H7/kS H7/m5 H7/n5 H7/p5S
Bearing/housing fit Bearing/shaft fit

Figure 6. Effective clearance for different inner ring/shaft fits

Figure 5. Effective clearance for different outer ring/housing fits : .
with temperature difference
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d= 30 mm, D=62 mm, AT=10°C

& 0.005 |
£ 0 i || —
@ -0.005 I —
E -0.01 |
E -0.015 |
§ -0.02 i —
g -0.025 l —
% -0.03 |

-0.035 -

18/h7 K8/h7  M8/h7  N8/h7
Bearing/housing fit

Figure 7. Effective clearance for different outer ring/housing fits
with temperature difference

d=30 mm, D= 62 mm & different temperature changes

1]
-0.00%
-0.01
-0.01%
-0.02
-0.025

-0.03
-0.035
-0.04
-0.045

Effective clearance, mm

10 20 30 40

Temperature difference, AT>C

Figure 8. Effective clearance for different temperature
differences of bearing elements

Conclusion

Throughout the analytical study performed in this paper on the
rolling bearings mounted by different fits on their shafts and
housings and under different temperature changes, the
following conclusions can be withdrawn:

stk skeoskoskockok

1. The inner ring fit has more effect on the effective radial
clearance induced in the bearing parts than the outer
ring fit.

2. It is worthy to make the fit of the inner rings with their
shafts to be of a heavy transition grades (press fit
grades), while making the outer rings to be of light
transition fits with their housings.

3. The small temperature difference value between the
bearing and ambient has very little effect on the
effective clearance, such that of bearings fitted with
heavy fitted inner rings.

4. On the other hand, high temperature differences
between the bearing and ambient may cause a decrease
in the effective clearance, such that in bearings used
under high applied loads.
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