








If spalling is found, the hour meter reading is noted and the elapsed time is calculated.
Also, the location and degree of spalling is noted, and then the bearing components are
bagged, identified and saved.

After all bearings in the test have been run to failure, the elapsed times are entered into
the Kaydon Weibull analysis software program. This program establishes the best-fit
Weibull line for the data, calculates the slope and scale parameters, and determines the
L1 fatigue life for the sample group.

The L, value obtained from the Weibull program is then compared to the theoretical Lio
fatigue life at the tested load and speed. If the observed L;ovalue does not meet or
exceed the theoretical Lo value, an investigation should be conducted into possible root
causes.

The Weibull slope parameter gives an indication of the degree of scatter of test results.
For through-hardened AISI 52100 bearing steel races, a Weibull slope value in the range
1.0 — 1.5 s to be expected, with a lower value indicating a greater degree of fatigue life
dispersion, and a higher value indicating less scatter.

At least one failed bearing race should be sectioned and mounted, through a failed area
(spall). At a minimum the following metallurgical properties should be evaluated and
recorded:

hardness

grain size

steel cleanliness
carbide networking
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The new Kaydon capacity calculations are based on the contact stress and the number of
stress cycles at the highest loaded point in the stationary race. ABMA and ISO
calculations assume that the inner race is rotating and the outer race is stationary.
Therefore, the highest loaded point on the outer race is always in the same spot. The
inner race may actually have a higher contact stress, but the load is distributed over the
entire circumference. The dynamic capacity is calculated from the basic life equation, as
shown in equations 1 and 5 below.

RESULTS: NEW KAYDON CAPACITY EQUATIONS

A) Dynamic Radial Capacity (C,)

3

C,
Eg. 1 Ly, =( p ) 10° (revolutions.)
3 8 3 3 .7 3
Eg. 5 ) L_l% _p 10 /6f _p 100\" _ 9, Zi Cosa (100 . (Ibs.)
10 10 f S f
where:

Cr The basic dynamic load ratin% (Dynamic Capacity)

P The radial load for a life of 10” stress cycles.

Lo The number of revolutions for 10 stress cycles.

f The number of stress cycles per revolution.

Qmax The normal ball load on the highest loaded ball for 108 stress cycles.

Z The number of balls per row.

i The number of rows of contact.

o The contact angle.

S The ball load distribution factor.

A The stress factor: A=1 for Angular (A) and Radial (C) contact bearings and
A=(.9/.95) for Four Point (X) contact bearings.

The factor Qmax is the normal ball load that gives a mean contact stress of 262,500 psi, in
the outer race. This is the stress value associated with 10° stress cycles. This stress
value was determined experimentally in Kaydon laboratory testing. The L life

in revolutions is then calculated by dividing the number of stress cycles (10°) by the
number of stress cycles per revolution (f) which is calculated using equation 3, below.

Stress Cycles Per Revolution:

Z(. D,
Eg. 6 ) I_D_COSO‘ .................................. ref. Harris eq. 25.14
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The relationship between max ball load (Qmax) and applied radial load (P;) is calculated
using the “Stribeck” equation, shown in equation 4 below. The constant “S” is the load
distribution factor. For bearings with zero diametral clearance S equals 4.37. For
bearings with “nominal” clearance, an approximate value of 5 is often used for S.

Eqg. 7 Pr Qe ref. Harris eqs. 6.23/6.24

However, in reality, S varies with both diametral clearance and applied loads. For
“REALI-SLIM® bearings, the diametral clearance increases with the nominal diameter.
Therefore the factor S also increases with diameter. The value of S, used in the new
Kaydon capacity equations varies with the pitch diameter. It assumes that a nominal
amount of diametral clearance remains in the bearing after installation. It is calculated
using the equation 5, below.

Equation for ball distribution factor:

Eg. 8 S =.027D, + 5.260

It takes 4 steps to calculate the new dynamic radial capacity. These are detailed below.
Step 1: The first step in calculating the capacity is to calculate the normal ball load (Qmax)
that gives an outer race mean contact stress of 262,500 psi. This is calculated using the
standard stress equations. This gives the ball load capacity for 10° stress cycles.

Step 2: The next step is to calculate the ball distribution factor (S) from equation 8.

Step 3: The number of stress cycles per revolution is then calculated using equation 6.

Step 4: Once the max normal ball load, the distribution factor, and the number of stress
cycles per revolution are known, the radial capacity can be calculated using equation 5.
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The 262,500 PSI contact stress constant used in these equations comes from Kaydon
laboratory life testing of KCO40CPO bearings. The Ly life in hours for a ball bearing is
given by equation 12 below.

DERIVATION OF CONSTANTS

A) The Stress Constant:

3

C\ (16,667
Eg. 12 Ly = P ¢ N |hours

Under a radial load of 525 Ibs, at a speed of 1780 RPM, the L4 life of a KC040CPO
bearing over the last 5 years has averaged 80.2 hours. By solving the life equation (Eg.
12) for C,, the new dynamic rating for the KC040CPO becomes 1073 Ibs.

LION )1/3

1/3
=1073 Ibs.
16667

Eg. 13 C = P( 25(M

16667

Under a radial load of 1073 Ibs, and an estimated installed clearance of .0016 inch, the
maximum ball load is 164.84 Ibs. Solving equation 7 for S gives a load distribution factor
of 5.3769. (See attachment 1)

Ref Eg.7 §=QmZcosa_ (164.84)(35)(1)
T P 1073

7

=5.3769

The number of stress cycles per revolution is calculated using equation 6, and equals
16.75 for the KC040CPO, as shown below. This means that there are 16.75 million
stress cycles per million revolutions.

Z D 35 1875
Ref. Eq. 6 =—|1-—tcosa|=—"|1-—=|=16.75
ot Eg.6 / 2( D, ) 2( 4.375)

We can then calculate the normal ball load for an L1 life of 100 million (108) stress cycles
using equation 5. The normal ball load for a fatigue life of 10° stress cycles equals 90.87
Ibs. as shown below.

100\’ 1
- =QmazZC0sa( 00) =1073=Qmax35( 00

Ref. Eg 5 r g f 53769 1675) or Qmax = 90.87 Ibs.

For a normal ball load of 90.87, the mean contact stress in a KC040CPO outer race is
262,500 PSI.
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For the KC040CPO bearing under an applied load of 1073 Ibs, and an assumed clearance
after installation of .0016 inch, the ball load distribution factor (S) was calculated to be
5.3769.

B) The Ball Load Distribution Factor (S):

For the KG400CPO, an outer race stress of 262,500 PSI, corresponds to a normal ball
load of 801.23 Ibs. The stress cycles per revolution (f) for this bearing equal 60.75. As
shown in equation 5, the capacity is a function of the load distribution factor, which is in
turn a function of the diametral clearance and the applied load. Equation 5 was then
solved by trial and error for the capacity (C,) and the load distribution factor (S). For an
assumed clearance of .0072 inch and a radial load of 18,307 Ibs, S was calculated using
Kaydon program to be 6.3562.

The stress distribution factor (S) varies with the installed clearance, which increases with
the pitch diameter. The equation for S, was derived using the equation of a line.

=.02674

Eg. 14 y=mx+bwhere: m= S1-8, _ 6.3562-5.3769
p2

D, -D 41-4.375

b=y —mx = 5.3769 - (.02674) (4.375) = 5.2599
S = .02674D, + 5.2599
C) Rows of Contact Exponent (i)

The number of rows of contact is raised to the 0.7 power because failure can occur on
either row. This is a statistical factor that considers the possibility of either row failing.

It gives the Ly life for the whole bearing, and is lower than the life for the individual rows.
This factor is consistent with both the ISO/ABMA calculations as well as the old Kaydon
method.

D) The Stress Factor ()\))

The tables in both ABMA standard 9 and ISO 281 show multiple columns for factor (f).
The first column is titled “Single Row Radial Contact” and “Single and Double Row
Angular Contact”. The second column is titled “Double Row Radial Contact”, and has a
lower value for (f;). The reason for this is described on page 81 and table 3.3 of Ball and
Roller Bearing Engineering by A. Palmgren (1959). Palmgren shows a A of .95 for single
row radial bearings, and for single and double row angular contact bearings. He also
shows a A=.90 for double row radial bearings. It is described as a stress factor. This
factor allows for uneven load sharing between the two rows of contact. Therefore,
Kaydon has chosen a de-rating factor of (A=.90/.95) for Four-Point Contact (X-Type) ball
bearings. (The 0.95 factor for radial and angular contact bearings is already factored into
the maximum allowable stress level, which was established by testing.)
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Using the new capacity calculation (Equation 5), the radial capacity of a KC040XPO
(4-Point) bearing is 1,417 Ibs. If we plug this number into equation 9, the L1 life under a
test load of 525 Ibs, at 1780 RPM is 184 hours. In Kaydon testing, the L1 life of a
standard KC040XPO was actually 189.3 hours. Therefore, there is good correlation
between the calculated and measured capacity.

FOUR POINT CONTACT BEARINGS

3

L _(C.) L(16667) _(1417\" (16667\ ..,
Ref. Eg. 9 10 p N 575 1780 (hrs.)

CONCLUSIONS

The new Kaydon capacity equations are based on the maximum contact stress and the
number of stress cycles per revolution. They consider the actual curvature of the races.
They also consider the diametral clearance. The new capacities are supported by actual
test data. The new radial capacity for radial (C-type) bearings ranges from 36% higher in
the KAA10CLO to no change in the KG400CPO. The radial capacity of four point contact
(X-type) bearings increases from 31% to 77% depending on the bearing size. The new
capacities are still lower than the ABMA/ISO numbers, but will give a more accurate
estimate of actual bearing life when used in the L1o=(C./P;)* equation.

These equations apply to Kaydon Catalog 300 bearings with standard clearance only.
Preload and clearance have a significant influence on bearing life. The catalog capacity
should be used for an initial bearing selection only. Life can then be calculated using
other Kaydon programs. These programs use the ISO/ABMA capacity, but also take the
curvature and/or clearance/preload into consideration.
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