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I would like to briefly discuss some
thoughts on ball bearing efficiency
specifically in terms of applied load
and resulting stress. I don’t want to
trivialize this subject; there are text-
books written on the subjects of elec-
trohydrodynamic lubrication (EHL),
octahedral subsurface shear stress
and friction losses due to elastic hys-
teresis. This is a just a high-level dis-
cussion on the importance of individ-
ual bearing stress on efficiency.

Why is this important? On some
level, I feel like I have, at times, per-
sonally concentrated too much on
the size of the bearing regarding effi-
ciency. I was trained in the traditional
bearing houses with the notion that
smaller was always better in terms of
efficiency; however, this is not always
the case. One of the major sources of
energy losses for roller bearings is
elastic deformation of the raceway
under the loaded rollers. This might
also be described as elastic hystere-
sis: It is the microscopic wave that is

generated in front of rolling elements
as they pass through the load zone.
The higher the load on the individual
roller, the larger the loss.

As you begin to visualize these
losses, you may start to wonder if
using a smaller premium bearing

Figure 1—Shear Force Diagram

4 8 Power Transmission Engineering OCTOBER 2024

is truly more efficient than a larger
non-premium bearing, considering
the individual roller stress will be
smaller on a larger bearing.

Of course, there are many factors
to consider with a larger bearing that
need to be included such as mass,
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cost, packaging space, transporta-
tion costs, ease of installation, etc.
but for the purpose of this example,
let’s just discuss size vs. efficiency
and leave the rest for another day.

As a simple example, I took four
ball bearings in the -05 series: a
6005, a 6205, a 6305 and a 6405.
I am not suggesting that a 6005
and 6405 would ever be considered
interchangeable. This is just for dis-
cussion to highlight the differences
and get you thinking about stress
and efficiency. In the chart below,
the four bearings were loaded onto
a shaft in MASTA with an external
applied radial load. The clearances
and fits were all identical: C3 clear-
ance, K5 shaft and H7 housing. The
lubrication was a lightweight ATF
run at 70°C in an oil circulation sys-
tem where splash and churning have
little effect (churning can be a big
factor in oil bath/splash systems).
The graph is expressed in terms of
percent efficiency over five different
applied radial loads.

I highlighted in red dashes the
interesting finding in this test.
The largest bearing, by far, is the
6405. As we would expect, at low
loads, the 6405 is the least efficient.
There is a lot of rotating mass, a lot
of sliding and overall friction. An
interesting change happens around
5kN of applied radial load. At this
point, this is around 25 percent of
the static load rating of the 6405 but
just over 100 percent of the static
load rating of the 6005. The per-
centage of static load can be loosely
thought of as stress on the bearing
as 100 percent of the static load rat-
ing is intended to reach 4,200 MPa
of individual Hertzian roller stress.
This clearly shows that as the indi-
vidual stress increases, efficiency
decreases. This is not an intuitive
exercise because the bearing load
ratings are discreet and this essen-
tially turns into a comparison of step
functions. A simple example like
this might help you get started off
on the right foot. Certainly though,
in this exercise, a 6305 showing bet-
ter efficiency than a 6205 might be a
surprising finding.
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Figure 2—Ball Bearing Load vs. Efficiency for -05 series

Efficiency % 6005 6205 6305 6405
Cr 1011 14 20.6 36.1
Cor 5.85 7.85 1.2 19.4

1 99.96 99.96 99.95 99.93

2.5 99.90 99.89 99.88 99.87

5 99.74 99.71 99.72 99.72

75 99.52 99.47 99.5 99.53

10 99.26 99.19 99.23 99.29
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