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Hello folks, I hope all is well in bearing 
land. I had a chance to meet up with 
some old bearing pals over the week-
end. We all worked in the same small 
bearing office at one time and had 
really developed a special relationship 
that is hard to find in a mega-complex 
corporate world headquarters. A few 
of us have left over the years, but we 
still all work together occasionally as 
customer/supplier. Even though we all 
work in different tiers of the business, 
we are all feeling the heat of the elec-
trification revolution. 

The expectations are high and 
workloads are substantial. We all 
understand that there is a backside 

to this mountain—one where there 
are not 10,000 engine part numbers, 
transmissions with four planetar-
ies and clutches, no transfer case, 
independent axles, exhaust system, 
etc. With this potential massive part 
reduction, I have already seen two 
large, tapered bearing plants in the 
United States close with no replace-
ment. Additionally, consolidation 
moves throughout the industry. The 
companies that supply traditional 
powertrain components are trying 
to pivot or prepare for the eventual 
diminishment—if not demise—of the 
120-year-old model of building cars 
and trucks. This isn’t going to happen 

overnight, but most real predictions 
see classic powertrain models at 
about 30 percent of today’s numbers 
by 2030. 

Today, we are not just talking about 
heat as a metaphor for workload, we 
are talking about physical heat gen-
eration in our bearings. We are going 
to talk about ISO 15312:2018 which 
discusses the thermal speed rat-
ing. Unlike the limiting speed we dis-
cussed last time, where we’re con-
cerned about the strength of the cage 
for high-speed dynamic, thermal 
speed ratings are focused on the abil-
ity to cool the bearing to maintain a 
steady temperature. 

Physical heat generation plays an important role in bearing life and operation. Maintaining a steady temperature will be vital as the EV market grows in the future. 
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Thermal Speed Rating 
(from ISO 15312)

Inner ring or shaft washer rotational 
speed at which equilibrium is reached 
between the heat generated by the fric-
tion in the bearing and the heat flow 
emitted through the bearing seating 
(shaft and housing) under the refer-
ence conditions

Note 1 to entry: The thermal speed 
rating is one among various criteria 
which permit comparison of the differ-
ent rolling bearing types and sizes with 
regard to their suitability for operation 
at high speed.

Note 2 to entry: Mechanical and 
kinematic criteria which could lead to 
further speed limitations are not taken 
into account by the thermal speed rat-
ing. (ISO 15312:2018(E), p2)

Literature from Schaeffler can be 
interpreted to have a different mean-
ing, referring to the thermal speed 
rating as an ancillary value to the 

thermally safe operating speed, which 
is defined in DIN 732:2010. 

The thermal speed rating nθr is used 
as an ancillary value when calcu-
lating the thermally safe operating 
speed nθ. This is the speed at which, 
under defined reference conditions, 
a bearing operating temperature of 
+70°C is achieved.

The thermal speed rating is not a 
speed limit for the application of a 
bearing. It is primarily for the purpose 
of comparing the speed suitability of 
different bearing types under defined 
reference conditions.

A speed limit taking account of the 
thermal balance can be calculated using 
the thermally safe operating speed. 
[medias.schaeffler.us/en/speeds]

As I am going through these stan-
dards and bearing manufactur-
ers’ literature, I am finding different 
interpretations—or definitions—or 
both—between different sources. For 
instance, if you refer to the online 

catalog for Schaeffler’s standard 6205 
ball bearing; Limiting Speed: 19,600 
rpm. Reference Speed: 14,400 rpm. 
Where SKF’s similar 6205: Limiting 
Speed: 18,000 rpm, Reference Speed 
28,000 rpm. Recall the limiting speed 
is that mechanical rating we dis-
cussed previously (which are rea-
sonably close); however, it is obvi-
ous they are not referring to the same 
reference speed. Interestingly, SKF 
makes no definite statement about 
DIN 732 where Schaeffler does. I sus-
pect these two standards play into 
part of this disconnect.

medias.schaeffler.us/en/
product/rotary/rolling-

and-plain-bearings/ball-
bearings/deep-groove-ball-

bearings/6205/p/354175

skf.com/group/products/
rolling-bearings/ball-bearings/

deep-groove-ball-bearings/
productid-6205

Different bearing catalogs have their own thermal speed rating formulas.  

The thermal speed rating is not a speed limit for the application of a bearing. It is primarily for the purpose 
of comparing the speed suitability of different bearing types under defined reference conditions.
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Let’s start with the governing equation or work backwards. The thermal speed rating nθr is given as

Where:
vr = 12 mm2/s (reference condition)
dm mean diameter = 1/2 (25+52)=38.5 mm
dm

3 = 38.53= 57,066.63 mm3

f0r - Coefficient for the load-independent frictional moment for the reference conditions
f1r - Coefficient for the load-dependent frictional moment for the reference conditions
From Table A.1 for single row deep groove ball bearings dimension series 02
f0r=2, f1r=0.0002 
P1r=390N (reference condition)
qr, reference heat flow density (Φ Reference heat flow W)

Conveniently this is estimated for bearings under Ar 50,000 mm2 as qr = 0.016 W/mm2

Ar heat emitting reference surface area 
Ar=π∙B(D+d)
Ar (6205)=π∙15(52+15)=3157.3 mm2

Plugging in the known values:

(Hint: I had to break out the Ti89 numerical solver)
Which is: nθr = 13,300 rpm. 

Let’s start with the governing equation or work backwards. The thermal speed rating 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃  is 
given as 

𝜋𝜋𝜋𝜋 ∙ 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃
30 · 103 ∙

�107 ∙ 𝑓𝑓𝑓𝑓0𝜃𝜃𝜃𝜃 ∙ (𝑣𝑣𝑣𝑣𝜃𝜃𝜃𝜃 ∙ 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃)2 3� ∙ 𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚3 + 𝑓𝑓𝑓𝑓1𝜃𝜃𝜃𝜃 ∙ 𝑃𝑃𝑃𝑃1𝜃𝜃𝜃𝜃 ∙ 𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚� = 𝑞𝑞𝑞𝑞𝜃𝜃𝜃𝜃 ∙ 𝐴𝐴𝐴𝐴𝜃𝜃𝜃𝜃  

Where: 

𝑣𝑣𝑣𝑣𝜃𝜃𝜃𝜃  = 12 mm2/s (reference condition) 

𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚  mean diameter = 1
2

(25 + 52) = 38.5 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 

𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚3  = 38.53 = 57,066.63 mm3 

𝑓𝑓𝑓𝑓0𝜃𝜃𝜃𝜃  - Coefficient for the load-independent frictional moment for the reference conditions 

𝑓𝑓𝑓𝑓1𝜃𝜃𝜃𝜃  - Coefficient for the load-dependent frictional moment for the reference conditions 

From Table A.1 for single row deep groove ball bearings dimension series 02 

𝑓𝑓𝑓𝑓0𝜃𝜃𝜃𝜃 = 2,  𝑓𝑓𝑓𝑓1𝜃𝜃𝜃𝜃 = 0.0002 

𝑃𝑃𝑃𝑃1𝜃𝜃𝜃𝜃 = 390𝑁𝑁𝑁𝑁 (reference condition) 

qr, reference heat flow density (𝜱𝜱𝜱𝜱 Reference heat flow W) 

𝑞𝑞𝑞𝑞𝜃𝜃𝜃𝜃 =
𝛷𝛷𝛷𝛷𝜃𝜃𝜃𝜃
𝐴𝐴𝐴𝐴𝜃𝜃𝜃𝜃

 

Conveniently this is estimated for bearings under Ar 50,000 mm2 as qr = 0.016 W/mm2 

Ar heat emitting reference surface area 

𝐴𝐴𝐴𝐴𝜃𝜃𝜃𝜃 = 𝜋𝜋𝜋𝜋 ∙ 𝐵𝐵𝐵𝐵(𝐷𝐷𝐷𝐷 + 𝑑𝑑𝑑𝑑) 

𝐴𝐴𝐴𝐴𝜃𝜃𝜃𝜃(6205) = 𝜋𝜋𝜋𝜋 ∙ 15(52 + 15) = 3157.3 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚2 

Plugging in the known values: 

𝜋𝜋𝜋𝜋 ∙ 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃
30 · 103 ∙

�10−7 ∙ 2 ∙ (12 ∙ 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃)2 3� ∙ 57066.63 + 0.0002 ∙ 390 ∙ 38.5� = 0.016 ∙ 3157.3 

= 

𝜋𝜋𝜋𝜋 ∙ 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃
30 · 103 ∙

�0.0114 ∙ (12 ∙ 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃)2 3� + 3� = 50.52 

(Hint: I had to break out the Ti89 numerical solver) 

Which is: 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃  = 13,300 rpm. 

Ok, so this is the thermal speed rating which is looking similar to Schaeffler’s Reference Speed 
of 14,400 rpm (probably within rounding error) but nowhere close to SKF’s 28k rpm reference 

Let’s start with the governing equation or work backwards. The thermal speed rating 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃  is 
given as 
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Where: 

𝑣𝑣𝑣𝑣𝜃𝜃𝜃𝜃  = 12 mm2/s (reference condition) 

𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚  mean diameter = 1
2

(25 + 52) = 38.5 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 

𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚3  = 38.53 = 57,066.63 mm3 

𝑓𝑓𝑓𝑓0𝜃𝜃𝜃𝜃  - Coefficient for the load-independent frictional moment for the reference conditions 

𝑓𝑓𝑓𝑓1𝜃𝜃𝜃𝜃  - Coefficient for the load-dependent frictional moment for the reference conditions 

From Table A.1 for single row deep groove ball bearings dimension series 02 

𝑓𝑓𝑓𝑓0𝜃𝜃𝜃𝜃 = 2,  𝑓𝑓𝑓𝑓1𝜃𝜃𝜃𝜃 = 0.0002 

𝑃𝑃𝑃𝑃1𝜃𝜃𝜃𝜃 = 390𝑁𝑁𝑁𝑁 (reference condition) 

qr, reference heat flow density (𝜱𝜱𝜱𝜱 Reference heat flow W) 

𝑞𝑞𝑞𝑞𝜃𝜃𝜃𝜃 =
𝛷𝛷𝛷𝛷𝜃𝜃𝜃𝜃
𝐴𝐴𝐴𝐴𝜃𝜃𝜃𝜃

 

Conveniently this is estimated for bearings under Ar 50,000 mm2 as qr = 0.016 W/mm2 

Ar heat emitting reference surface area 
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Which is: 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃  = 13,300 rpm. 

Ok, so this is the thermal speed rating which is looking similar to Schaeffler’s Reference Speed 
of 14,400 rpm (probably within rounding error) but nowhere close to SKF’s 28k rpm reference 

Let’s start with the governing equation or work backwards. The thermal speed rating 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃  is 
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𝑓𝑓𝑓𝑓0𝜃𝜃𝜃𝜃  - Coefficient for the load-independent frictional moment for the reference conditions 

𝑓𝑓𝑓𝑓1𝜃𝜃𝜃𝜃  - Coefficient for the load-dependent frictional moment for the reference conditions 

From Table A.1 for single row deep groove ball bearings dimension series 02 

𝑓𝑓𝑓𝑓0𝜃𝜃𝜃𝜃 = 2,  𝑓𝑓𝑓𝑓1𝜃𝜃𝜃𝜃 = 0.0002 
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Conveniently this is estimated for bearings under Ar 50,000 mm2 as qr = 0.016 W/mm2 

Ar heat emitting reference surface area 
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Which is: 𝑛𝑛𝑛𝑛𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃  = 13,300 rpm. 

Ok, so this is the thermal speed rating which is looking similar to Schaeffler’s Reference Speed 
of 14,400 rpm (probably within rounding error) but nowhere close to SKF’s 28k rpm reference 

If you are sufficiency confused, you are not alone. Let’s just jump into some calculations and see if we can figure this mess 
out. I will stick with the 6205 (25x52x15 mm) as the reference for 15312. 

To get started, there are some reference conditions to note. 
•  Operating temperature, or Reference temperature θr = 70°C

•  Ambient or external Reference temperature θAr = 20°C

•  The applied load P1r is five percent of the static load rating Cor. The SKF Cor is 
7.8 kN. P1r: 0.05 x 7.8 = 390 N

•  A mineral oil without EP additives having the following kinematic viscosity vr 
12 mm2/s at θr = 70°C: 

•  Oil bath lubrication with an oil level up to the center of the rolling element in 
the lowest position.

•  Size up to 1,000 mm bore

•  Internal radial clearance N

•  No contact seals
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We are going to have to leave this 
here for the next blog where we go into 
the DIN rating and compare several 
different suppliers limiting and refer-
ence speeds. The search for the true 
load rating is turning into quite the 
search, but we will get there!

Ok, so this is the thermal speed 
rating which is looking similar to 
Schaeffler’s Reference Speed of 14,400 
rpm (probably within rounding error) 
but nowhere close to SKF’s 28,000 rpm 
reference speed. By this definition, 
this is the speed that would get you 
to 70⁰C from room temperature with 
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no external heat with a very light load 
running in an oil bath. Recalling a line 
from earlier: The thermal speed rat-
ing is not a speed limit for the applica-
tion of a bearing. It is primarily for the 
purpose of comparing the speed suit-
ability of different bearing types under 
defined reference conditions.

Reference conditions are needed to determine the thermal speed rating for bearings.
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