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26 Miniature Ball Bearings

The speed of rolling bearings is subject to certain limits.
When bearings are operating, the higher the speed, the
higher the bearing temperature due to friction. The limiting
speed is the empirically obtained value for the maximum
speed at which bearings can be continuously operated
without failing from seizure or generation of excessive heat
consequently, the limiting speed of bearings varies depending
on such factors as bearing type and size, cage form and
material, load, lubrication method, and heat dissipating
method including the design of the bearing’ s surroundings.
The maximum permissible speed for contact rubber sealed
bearing (DD type) is determined mainly by the sliding surface
speed of the inner circumference of the seal. Values for the
limiting speed of bearings lubricated by grease and oil are
listed in the bearing tables. The limiting speeds in the tables
are applicable to bearings of standard design that are
subjected to normal loads, i.e, C/P=12 and Fa/Fr=0.2
approximately. The limiting speeds for oil lubrication listed in
the bearing tables are for conventional oil bath lubrication.
When speeds are more than 70 percent of the listed limiting
speed, it is necessary to select an oil or grease which has
good high-speed characteristics.

When the required speed exceeds the limiting speed of the
desired bearing, then the accuracy grade, internal clearance,
cage type and material, and lubrication, must be carefully
studied in order to select a bearing capable of the required
speed. If all these conditions are considered, the maximum
permissible speed may be higher than the limiting speed
listed in the bearing table. It is recommended to consult ISC
regarding high-speed spplications.

10.1 Preload

A pair of axially loadable bearing is to be loaded in advance
in the axial direction F. This is called "Pre-loading”. Bearing
has an internal clearance. Pre-loading reduces this clearance
and elastic contact of ball and raceway occurs. By the result,
the bearing does not have a looseness due to the clearance,
which leads to the reduction of vibration and noise when
rotating. Moreover, this contributes to the higher rigidity of
the bearing. However, excessive pre-loading causes the
increase of friction moment, heat generation and seizure of
the bearing. In order to avoid this, optimum selection of
pre-loading level and method is highly recommended.

10.2 Effect of Pre-loading

1. Maintains the bearings in exact position both radially and
axially and also maintains the running accuracy of the shaft

2. Increases the bearing rigidity

3. Minimizes noise due to axial vibration and resonance

4. Prevents sliding between the rolling elements and raceway
due to gyroscopic moment for high speed application

5. Maintains the rolling elements in their proper position with
the bearing rings
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10.3 Pre-Loading Methods

Position pre-load and constant-pressure
pre-load are available for pre-loading methods.

Constant-pressure preload

Constant pressure preload is achieved using a
coil or leaf spring to impose a constant
preload (refer to Fig.10.1).

Even if the relative position of the bearings
changes during operation, the magnitude of
the preload remains relatively constant. For
example, this methods is effective for
dimensional defect due to the temperature
change. On the other hand, this method
requires the additional parts and space for
spring element. Rigidity is lower compared
with the position preload.

Position Preload

A position preload is achieved by fixing two
axially opposed bearing in a position to
impose a preload and their relative position
remains unchanged while in operation (refer to
Fig. 10.2). For example, bearings are fixed in
the certain displacement positions set by the
spacer dimension or bearing width. This
method offers higher rigidity. On the other
hand, preload amount varies depending on
the dimensional defect due to the
temperature change.

10.4 Preload Amount and Direction

Since preload amount is a decisive factor for
elastic contact status of rolling elements and
raceway, excessive preloading leads the
bearing to abnormal heat generation, increase
of friction moment and decrease of fatigue life.
On the contrary, insufficient preload causes
rigidity loss, preload loss due to the outer load
and vibration. ISC, from past experiences,
recommends preload of 0.5% of Cr for the
application of small motor which requires long
lasting durability. Preload of 1.0% of Cr is
recommended for the application for
mechanical parts which requires higher
rigidity. Other factors such as outer load and
self weight are also important to decide the
preload amount.

Preload direction has two types, back-to-back
matching (Fig. 10.3) and face-to-face
matching (Fig. 10.4). Back-to-back matching
DB holds higher rigidity when moment load is
in effect. However, in the case of misalignment
due to poor accuracy of the housing, it tends
to carry higher internal load. Face-to-face
matching DF has relatively lower rigidity
against moment load. However the effect of
misalignment, due to the housing accuracy
and shaft deflection, is relatively low for this

type.
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