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5.3 Rolling bearing preload

5.3.1 The characteristics, theory and types of bearing preload

The bearing preload is defined as a given volume initial force and elastic deformation are kept between
rolling elements and raceway when mounting to reduce the actual bearing deformation under running
load.

The suitable preload can increase the support stiffness, running accuracy, life, dampness, and can
reduce running noise. The research shows that the preload has positive and negative effect on
accuracy, life, dampness and noise. At the beginning, the preload has a obviously effect on running
accuracy, stiffness, life, dampness and reducing noise, but on the contrary, when the preload reaches a
given degree, the effect will not obvious if the preload farther enhanced, and the more the preload, the
higher the temperature, and the bearing life declined. Therefore, the bearing preload should be
appropriate.

To these bearings in each precision machine tool, their temperature increase has a limit, table 5-8 lists
the permission temperature of the each precision machine tool bearing under high speed, unload and
continuous running. The ambient temperature is 20 centigrade, and lubricated well. If the ambient
temperature is not 20 centigrade, but t centigrade, the permission temperature can be calculated by the
below equation because of the change of lubricant viscosity.

T=T,,+K.(t-20)
Where, K is lubrication correct factor, and the K; based on the selected lubricant. The K;= 0.6~0.5 if
L-HM-L-HV.HS 662 and 32 liquefaction oil are applied, and if applies 3~6 shaft lubricant, the K=
0.85~0.8, and Ky= 0.9 if lubricating greases applied.
Table 5-8 The permission temperature of machine tool bearing

The precise level of machine tool

Mini type Machine tool 45 - 50

Normal Level A
large-scale Machine tool 50 - 55
Precise Level 35-40
High Precise Level 28 -30

The bearing preload depends on the relatively movement between inner ring and outer ring, and to
thrust bearing, the preload depends on the relatively movement between bearing ring and seating. The
preload can eliminate the clearance and achieve the interference. The preload can be divided into radial
preload and axial preload based on the direction of preload, and the preload also can be divided into
located preload and static preload. In the actual application, the located preload applied in ball bearing,
and the static preload applied in cylindrical roller bearing.

5.3.2 Radial preload

The radial preload utilizes the interference fit between bearing and shaft seating, so that the radial
clearance can be eliminated and the pre-deformation can be achieved through the bearing inner ring
expansion or outer ring compressing.

To bearings with a tapered bore, the different expansion can be achieved depends on the different
locating of bearing inner ring on the cylindrical shaft seating. The preload structure illustrated in the
design of support structure in this chapter.

5.3.3 Axial preload

(1) Located preload means the bearing axial position statically, see figure 5-2. The preload can be
achieved through the difference width of spacer sleeve between two bearings or through the width of
inner and outer ferrule on thin seating.

(2) Constant pressure preload means the bearing axial preload force statically, see figure 5-3. The
preload can be achieved through the spring compression.
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(6) Minimum axial preload. To angular contact ball bearing, taper roller bearing, thrust ball bearing, = R
thrust roller bearing, the roller under centrifugal effect when rotation, there is sliding opposite
between roller and raceway. To ensure the bearing action normally, a certain axial preload must be
brought, the minimum axial preload Famin listed in table 5-11.
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Table 5-10 Bearing preload and bulge volume

um
A8+ A8 (Face-to-Face or Back-to-Back), A6:—A8. (Tandem)
Bearing
s 7000AC 7200AC
Preload 7000C 7200C 7200B 7300B
d/mm
< Ml-eig?ujm Heavy MLeigmm Heavy Mlggmm Heavy Light ~Medium Heavy
> to min max min max min max min max min max min max min max min max min max
- 18 05+05 -1 +1 05+05 -1 +1 -05+05-05 +0.5-0.5+05-0.5+0.5-0.5 +0.5
18 30 1+ 1+ 1 #1141 +1 05+05 -1 +1/-05+05-05+05 -1  +1
30 50 1+ 1+ 1 +#1 -15+15-05+05 -1 +1 -05+05 -1 +1 -1 +1
50 80 -1 +1 -15+15-15+15 2 +2 -1 +1 15+15 1 +1 1 | +1 -15+15
30 120 2 2 2 42 2 42 -25+25 -1 | +1 |-15+15 1 1| 2 42| -2 +2
120 150 2| +2| 2 | +2|-25|+25 -3 |+3 |1 |+ |2 |+2| 1|+ |2 |+2|-3 [+3

Note: To these paired bearing with inner diameter d>150mm, the tolerance of bulge volume between two bearings is Ad
1£A82, it is permitted that the bulge volume is larger 1um than the value listed in the d=120~150mm.

Table5-11 Preload of angular contact ball bearing paired mounted

Under load Famin

Bearing types Description
Pure axial load Combined load
F F .1 —— Radial load that
Angular contact| _ Z1.7F +tanq] - 5 bearing 1 endured,
ball bearing | =0-35Fa KN
>1.7F jy tanagy - 2 -
N | L ) F,11 — Radial load that
bearing Il endured,
T " =1.9F ftanay - 1;3 K
apet Ioer | ==0,57w a1 ., 91— Contact angle of
bearing >1.9F 11tanayy - F, Select bearing I, II
! -5 larger one
Thrust ball ( n_\? ‘ k) o, TR
bearing | =A 1000) F, Radial load, KN
Coa — Bearing basic static

L Coa
Cylindrical, 1000 <Famin>

taper roller load rating, KN (Listed

in table of bearing

i n
Wirgst Earing A( 1000) dimension, 2 chapter)
Self-aligning Coa 02 A —— Minimum constant of

—_ : — load (Listed in table of
rogZ;:?JSSt 1000 <Fam1n>1.8Fr+A( 1000) beari(ng dimension, 2
Thrust al Coa no\2 chapter)
rust needle . = 1
bearing 2000 éFam1n>1.8Fr+A( 1000) n Speed, r/min

5.3.5 The control of preload and design of preload structure

In actually application, it’s difficult to achieve optimal clearance by calculation and measurement. To the
last mounting step of angular contact ball bearing, taper roller bearing and taper bore double row
cylindrical roller bearing, it need to adjust clearance precisely, that is to say to control the preload.
Especially, to these shafts that have a strict requirement of running accuracy, noise and temperature
increase, such as shaft of machine tool, clearance need to be adjusted not only during first time
mounting, but also in using. There are many methods for control preload. Several methods for control
preload and problem in the design of preload structure are introduced below.

(1) Several methods for control preload.

1. Measure the bearing friction moment of run up. Measure the relationship between the bearing
friction moment of run up and axial load in advance, so that the preload can be adjusted by
control bearing friction moment of run up. This method is often applied for the preload of taper
roller bearing paired mounted.

2. Measure the bearing axial displacement. To taper bore bearing, measure the relationship
between axial load and axial displacement in advance, so that the preload can be adjusted by
control the axial displacement.

3. Measure the deformation of preload spring. Measure the relationship between the spring
preload and deformation beforehand, so that the constant pressure preload can be adjusted
by control the deformation.

4. Measure the retain moment of nut. Adjusting the preload to control the retain moment of nut,
when bearing with nut preload is used.

5. Pad with bearing end plates (No.4 diagram in Table 5-3). Tightening the one bearing end
plate, not shimming another bearing, and screwing down the bolt. If the shaft can’t rotate
freely, it means that there is no clearance between bearing and shaft, and measure the gap
between the end plate and housing cover by gauge, the thickness of shim can be calculated
by adding this gap and needed clearance.

6. Application of midst spacer sleeve (No.6 diagram in Table 5-3). The length of spacer sleeve in
inner ring can be calculated depends on the length of spacer sleeve in outer ring and bearing
dimension, and it also can be directly measured.

(2) Detect and control of preload. At present, it's difficult to detect bearing work preload in our country,
the majority detecting axial and radial displacement or friction moment of run up by using dial gauge,
and the few using special instrument. Some bearing companies overseas detect and adjust the
preload by using special instrument and some structure for controlling the preload, to achieve the
optimal preload.

(3) Some problems should be pay attention in the design of preload structure.

1. Application of compressed spring to constant pressure preload, and the spring dimension and
parameter can be decided by calculation, and the structure which is convenience to adjust
preload.

2. Though the located preload can meet the preload requirement, but the precision of initial
preload will be impacted when bearing running because of friction. Therefore, the design of
preload structure should be convenience to adjust.

3. To achieve simple structure and convenience to adjust preload, a spacer sleeve placed
between two inner rings or two outer rings, and the preload can be adjusted by nuts.

4. When adjusting preload by nuts, the selection of structure of nut and manufacture precision
have a greatly impact on the control of preload and the adjustment precision.

A75




UBC Roll Bearing of fit

Roll Bearing of fit JIBC

A76

5.4 Roll bearing fit
5.4.1 Purpose of the load

Fit purpose is firm set of bearing inner ring and outer ring with shaft and shell , and prevent harmful
axial direction slippage of fit surface.

It will cause abnormal high temperature, fit surface fray (fray ferrous powder into the bearing) and
vibration and so on problem by harmful axial direction slippage, and cannot full unleash action of the
bearing.

The bearing is general rotating load.

5.4.2 Tolerances and fit of shaft and shell

Metric series tolerances of shaft and shell bore by GB/T275-93 <<roll bearings with shaft and shell fit>>
standardization .

Shaft and shell fit relation of size tolerances and class PO precision for bearing, to meet figure 5-5

5.4.3 Selection of fit

Generally according to bellow principle.

Basis load direction, nature, inner and outer ring revolution direction, so there are three difference
conditions: rotating load, stationary load and direction of load indeterminate. Ferrule is used
interference fit of rotating load and direction of load indeterminate, and Ferrule is used transition fit and
clearance fit of stationary load.

When the bearings have too large load, vibration and attack, So must to augment interference. For the
hollow shaft, Thin wall bearing box, light alloy and plastics bearing box, the same to augment
interference.

When keep high rotating precision, that use high precision bearing, and increase size precision of shaft
and bearing box, prevent too large interference. If it is too large, that should influence shaft and bearing
box precision, and cause to damage with bearing rotating precision.

It is used interference fit of no separate bearing. But bearing is not convenient with mounting and
dismounting, that it is used clearance fit of one inner ring.

5.4.3.1 Property of the load tEHaTRGE it
’ i — SRR
Basis load nature, there are e
three difference conditions:
inner ring rotating load, outer as) a7 wolwls— | —
ring rotating load and direction selis7— | [ ﬁmp
. . —] low
qf load indeterminate, to meet L_|k6|k7[M6IM7| L | qeviation of
figure 5-12. L N7 - the bearing
transition fit ~—~———————L Ihner radiel
C UERA L
interference fit
— . interference fit
transition fit ~ TEERE
P6
n6
5|m6
5] k6 | ADmp
Allow
y _'_|h5 h6]n7 [153[is6 v
Class PO [B2]e6 ] ‘—LI ; ; ?he::saorri]n(;f
FaEIsIon — mterj_;renc; fit : dial
?or bearing o s e

Figure 5-5 Shaft and shell fit relation of size tolerances
(Class PO precision for bearing)

Table 5-12 Property of the load and fit of Relationship

Schematic illustration Recommended fits

Operating conditions Load condition

Rotating inner ring
Stationary outer ring
Constant load direction

stationary Rotating load Interference fit

load on inner ring for inner ring
bal — Stationary load Loose fit for
unbalance loa on outer ring outer ring

Stationary inner ring
Rotating outer ring
Load rotates with outer
ring

Stationary inner ring
Rotating outer ring
Constant load direction

stationary =~ Stationary load Loose fit for
load on inner ring inner ring
Rotating load Interference

on outer ring fi_t for outer
ring

unbalance load

Rotating inner ring
Stationary outer ring
Load rotates with outer
ring

5.4.3.2 Magnitude of the load

The influence of rotating load the ring may begin to creep , the degree of interference must therefore be
related to the magnitude of the load.

Interference calculation:

[F,<0.2 5Coft]

[F, > 0.2 5CoRt]
Adp=008/5F, x 107 ......(5-1)

Adp=002Ex 10% v (5-2)

AdF . Interference decrease of inner ring, mm

d : Nominal bore diameter , mm

B : Nominal width of inner ring, mm

Fr : Radial load , N(kgf)

Co : Rated stationary load , N(kgf)

So the heavier the load (Co>25%), the greater the interference fit required, shock load need to be
considered.
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5.4.3.3 Roughness concentration of matching surface

If consideration plastic deformation of matching surface, So process quality of matching surface will
influence effectual interference.

See formula:

[ grinding shaft ] Ades= di_zAd ——r) [turning shaft] Ade= ‘ﬁ—s/_\d-.....w..... (5-4)

Adeff : Effectual interference, mm
Ad : Metrical interference, mm
d : Nominal bore diameter , mm

5.4.3.4 Temperature influence

Generally speaking, the bearing’s temperature is higher than surrounding when running, and the inner
ring temperature is higher than shaft. So, the effectual interference is minish by heat expansion. If At is
difference in temperature between the bearing inner and crust, so (0.10-0.15) At is difference in
temperature between inner and shaft.

So interference minish (Adt) can be calculated by formula(5-5)

dt=(0.10-0.15)At-a-d Adt=0.0015 At-dx 10...... (5-5)

Adt: Interference minish, mm

At: Difference in temperature between the bearing inner and crust, C

a: line swell factor of bearing steel, (12.5x106)1/°C,

d : Nominal bore diameter , mm

So, when the bearing is higher than shaft temperature, must be interference fit.

Because of difference in temperature and line swell factor is difference between outer ring and crust, and
it is increased with interference fit.

That is noted, when consider and use between outer ring and crust surface glide to avoid shaft swell
factor.

5.4.3.5 The best stress of bearing inner by fit produce

When mounting the bearing to use interference fit, and stress is produced by ferrule swell and shrink.
The best stress of bearing inner by fit produce can be calculated by formula (table 5-13). As reference, it
is safe of the best interference not more than the shaft 1/1000 or see table 5-13 6not more than 120MPa.

5.4.3.6 Others
When it require high with precision, and precision of shaft and crust by raise, crust is difficult process
and low precision than shaft, so it is relaxed fit of outer ring and crust.

When using hollow shaft, thin wall crust, light alloy and cast aluminum, that fitting must be more tight than
others.

When using separate crust, that it is loose fit with outer ring .
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Table 5-13 The best stress of bearing inner by fit produce

shaft and inner ring crust bore and inner ring

2
dg2 a L2
E  Adeff [1- ?02:":14-@] O_E.ADeff. Di ]
(hawloshef®)| 0= 3.+~ = 7 &= S N I
[l'd_ﬁ] " D}
) Ade 42 y
(solid shaft) a=%- dff. 1+ﬁ] (Dn- ) czE_Ag«_

0: The best stress, MPa(kgf/mm2)
d : Nominal bore diameter , mm
di: diameter of inner rollaway nest, mm
Ball bearing...di=0.2(D+4d)
Roll bearing ...di=0.25(D+3d)
Adeg : Effectual interference of inner ring, mm
do: hollow shaft diameter, mm

De: outer rollaway nest ,mm
Ball bearing...ds=0.2(D+4d)
Roll bearing ...de=0.25(D+3d)
D: Nominal outer diameter, mm
ADey : Effectual interference of outer ring, mm
Dn: crust outside diameter, mm
E: elastic modulus, 2.08x10°MPa(21200kgf/mm2)
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