Standards

= ABMA © O &




Standards

The standards establish a bearing’s:

e Nominal external dimensions

— Insures design of adjoining components

Tolerances
— External Dimensional Tolerances

— Running Accuracy

Internal clearances (for most types)

Methods to calculate bearing load capacity

Methods to calculate expected life (L10)
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Standards Do Not Cover...

Material type or quality

Process consistency and in-process checks (SPC)
Raceway finish and geometry

Ball or roller dimensions or precision

Type or effectiveness of bearing closures

Grease quality or quantity

Retainer (cage) type or material

Snap ring dimensions for small bearings




ISO Standards Organizations

ANSI/ABMA - American Bearing
Manufacturers Association

 DIN - Deutsche Industrie Norm
« JIS - Japanese Industrial Standards

e BSI - British Standards Institute




Bearing Rating Life

ISO 281 provides a standard definition for and a method to determine
bearing rating life.

Basic Rating Life, L ,,: For an individual rolling bearing, or a group of apparently
identical rolling bearings operating under the same conditions, the life associated with
90% reliability, with contemporary, commonly used material and manufacturing quality,
and under conventional operating conditions.

3
for radial ball bearings: L10 = L (stated in millions of revolutions)
r
10
C 3
for radial roller bearings: Ljg = —- (stated in millions of revolutions)

X

Adjusted Rating Life:  The rating life obtained by adjustment of the basic rating life for a
desired reliability level, special bearing properties and specific operating conditions.
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Bearing Dynamic Load Rating

ISO 281 provides methods for determining bearing dynamic load rating.

Basic Dynamic Radial Load Rating, C | : That constant stationary radial load which a
rolling bearing could theoretically endure for a basic rating life of one million revolutions.

For radial ball bearings
C.=b, f.(i cosa)®’z?*D, '8
For radial roller bearings
Cr — bm fC (I Lwecosa)7/923/4Dwe29/27

Where

= basic dynamic load rating (N)

. = rating factor for material and manufacturing quality

f = factor for geometry, manufacturing accuracy and material
= number of rows of balls or rollers

r

C
b

(9]

|
L

we = €ffective roller length (mm)
a =contact angle
Z = number of balls or rollers per row
D, = ball diameter (mm)

we

D,. = roller diameter (mm)
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Updated Life Calculations ISO 281:2007

* In the new 2007 standard, a life modification factor, &, Is introduced
based on a systems approach of life calculation, in addition to the
modification factor a,.

an - alaiso(l—lo)

* L., —Modified Rating Life - in millions of revolutions

« al = Life Modification Factor for Reliability - This factor is the same as ISO 1990
except the values of for the reliabilities of 95% to 99% have been slightly adjusted
plus the addition of values above 99% are listed due to increasing requirements of
higher reliability

* a, = Life Modification Factor - based on a systems approach of life calculations
which takes into account lubricant film parameters, contamination, and bearing
material fatigue limit properties.
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Bearing Static Load Rating

ISO 76 provides a standard definition for bearing static load rating.

Basic Static Radial Load Rating, C ,: Static radial load
which corresponds to a calculated contact stress at the
center of the most heavily loaded rolling element / raceway

contact of
- 4600 MPa for self-aligning ball bearings;
- 4200 MPa for all other radial ball bearing types;
- 4000 MPa for all radial roller bearings.

These contact stresses result in a permanent deformation
of the rolling element and raceway of 0.0001 times the
rolling element diameter.
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Clearance,
Precision, and FIts
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Bearing Clearance Standards

Example: Straight Bore Cylindrical Roller Bearing
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Bearing Precision Class

« Also known as “Accuracy” or “Tolerance”
Class

o Specified in Equivalent Standards by 1SO,
ABMA, JIS, DIN

e Standards are Two-Part

— Dimensional Tolerance

— Running Accuracy
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Precision Classes

This table illustrates the progression of precision grades between equivalent
standards. Normal class bearings are suitable for most applications.

Precision Level

Standard Normal Increasing » High
ISO PO P6 P5 P4 P2
Ball Bearings ABEC1 | ABEC3 | ABEC5 | ABEC7 | ABEC9
Roller Bearings | paecq | RBECS | RBECS | RBEC7 | RBECO

(except TRB)
ABMA | Tapered Roller Class 4 | Class 2 | Class 3 | Class 0 | Class 00
Bearings (inch)
Tapered Roller
Bearings ClassK | Class N | Class C | Class B | Class A
(metric)
JIS Class 0 | Class 6 | Class5 | Class 4 | Class 2

Caution: ABEC and ISO tolerances DO NOT govern crit

element roughness, bearing materials, seal design,
noise/vibration characteristics. Therefore, a highe

more robust, better performing bearing.

. Note that most critical dimensional tolerances run
except for Inch Series Tapered Roller Bearings whic

value

—ABMA O

ical areas such as race and rolling
cage design, lubricant, and
r ABEC grade does not at all guarantee a

+0 to some minimum negative value,
h run -0 to some maximum positive




How Big Is a Micron
(micrometer)?

O
0.0001"

Human Hair

(e]

0.001" 1 micron

** 1 micron (micrometer) is 1/1000 of a mm. This term is commonly used when discussing
bearing dimensions (clearance, OD, bore size,...etc.).

) E

===A5MA © O




Comparison of Precision Classes

Metric Ball Bearing

6211 (O.D. = 100 mm)

O.D. Tolerance, nm

Inch Tapered Roller Bearing

28921 (0.D. = 3.9370 inch)

O.D. Tolerance, 0.0001”"

Normal Class 4 (Normal),

(PO) P6 P5 P4 Class 2 Class 3,0
high low | high low | high low | high low high low high low
0 -15 0O -13 0O -10 0 -8 10 O 5 0

Class 4, 2
Class 3, 0
PO P6 P5 P4
a N JL——JLJL _______
100.000 100.000
4/—\_ 99 087 99.992 /
100.000 | 100.000 100mm  3.9380  3.9375
99.985 | 99.990 (3.9370")  3.9370  3.9370
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Tolerances on Dimensions

* Bore diameter (Dy,,)

* Outside diameter (D)

* Inner ring width (Dg,)

« Outer ring width (D)

» Total bearing width (Dy.)
 Chamfer dimensions (r or r,)

&

===A5MA © O




Bearing Bore & Outside Diameter
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Bearing Width

Nominal value

B = Inner ring width
C = outer ring width
(if different than B)

T = overall width
(if different than B)




Bearing Chamfer Dimensions

Axial Direction

> rmax
—» [
¢ ¢ _ ’“ min |A ;
Chamfer profile not specified by ABMA
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Shaft and Housing Fit
Representation

___Shaft and housing fits

N — I

Tolerance positions for
housing tolerance grades
F7 | Housing fits
GT||GE
H1d[Ha |[Hs || H7 [|HE II
JT s J& =6

Talerance position for metric size bearings is
from nominal diameter (0010 minuz (red range)

p? rE
Tolerance positions far
zhaft tolerance grades I

T

| Shaft fits

Beanig




Radial Clearance Reduction
due to shaft & housing fits

Radial Clearance Ranges

* C2 (Less than Normal) Radial clearance
* CN, CO (Normal — not marked)
» C3 (Greater than Normal)

» C4 (Greater than C3)
» C5 (Greater than C4)

R. C. Reduction Influences

» Shaft Fit- Solid or Hollow

» Housing Fit- Housing cross section

» Mating Components Surface Finish (Smoothing)
 Temperature differential between components

* Mating component materials
« Cast iron, Steel, Alum, etc.

&
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Lubrication
(Oll vs. Grease)




Bearing Lubrication
What Is the Purpose of Lubrication?

Rolling bearing lubricants primary functions:

* To lubricate the sliding contacts between the
retainer, rings, rolling elements and other
components (ie: flanges, guide rings, etc.)

* To lubricate the rolling contacts between the
raceways and rolling elements
elastohydrodynamically




Bearing Lubrication

What Is the Purpose of Lubrication?

Secondary functions are:

* To protect the highly finished surfaces from
corrosion;

* To help seal against foreign matter (done with grease
pack);

 To provide a heat transfer medium.

Both oil and greases are used for rolling bearings.




Bearing Lubrication

Lubrication Regimes

movement
PR

movement

T — : i
\1I>uneveness n

the metal_ surfacs

et

uneveness in
the metal surface |

el

molecule i'n/ : lubricant film

the lubricant

Boundary Layer Lubrication Hydrodynamic Lubrication
(Thin film - about the size of the (Thick film - complete separation
molecules that make up the oil) of the moving surfaces)
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Bearing Lubrication
Oil

What is oil?
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Bearing Lubrication

Grease
What Is grease?
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Bearing Lubrication
Oll vs. Grease

Advantages Advantages
1. Better Heat Dissipation 1. Easy to apply
2. Higher Speed Capability 2. Helps to seal

3. Wide range of applications
4. Better control of leakage

3. Can be Circulated

4. Can be Filtered
Disadvantages

1. Poor heat dissipation

2. Collects and retains
contaminants

3. Structural change possibility

Disadvantages

LL]
V)
<T
1. Possibility of Leakage LL
ad
O

OIL

2. Does not Seal
3. Can be Displaced by Water
4

. May Require More (i.e. - work hardening)
Complicated System 4. Possible compatibility
problems if greases are
mixed
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Bearing Lubrication
Grease Selection

 Viscosity of base Oll
e Consistency

e Speed limit

 Bleed rate

* Noise characteristics
e Moisture resistance

 Thickener
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Incompatibility of Greases

Mixing of greases with incompatible

thickeners
« usually results in softer consistency Greases with the
_ _ _ _ same thickener and a
» sometimes results in stiffer consistency similar base oil can be
. o mixed.
A lithium ... Which is
grease. .. mixed with a
sodium
grease . .

.. . Gives a softer
grease than the two in
isolation. The grease
leaks out and, moreover,
has a lower maximum
operating temperature.
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