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“ETFA” Bearings Strengthened by Fine Microstructure Design

New Products

1. Introduction
With a shift toward lower fuel consumption of 

automobiles and increasing compactness of industrial 
machinery, there is a trend toward increasingly severe 
bearing operating conditions. Typically these include 
higher contact surface pressure and lower viscosity 
of lubricating oils. These increasingly harsh use 
environments may promote problems such as �aking 
that originates from an indentation and shorten 
bearing life. Therefore, there is a need for higher 
bearing strength. 

To achieve higher bearing strength, it is crucial to 
strengthen the steel material. There are a number 
of methods for strengthening steel and one of these 
involves re�nement of crystal grains1). This can be 
regarded as a strengthening method that hinders 
dislocation motion due to the increase in grain 
boundaries and changes the plastic properties of 
steel. There has previously been discussion of the 
e�ects of the size of prior austenite grains (referred 
to hereafter as “prior γ grains”) on strengthening by 
the re�nement of crystal grains in quenched steel. 
However, there are few examples of comparative 
examination of the size of martensite grains actually 
formed due to quenching2). In recent years, it has been 
thought that the size of martensite blocks (referred 
to hereafter as “blocks”) that are the e�ective crystal 
grains is the dominant factor in determining the 
strength of steel. Therefore, to strengthen steel 
through crystal grain re�nement, it is necessary to 
produce a more re�ned martensite structure  rather 
than re�ning the prior γ grains3)-6). 

The authors have already developed long-life, high-
strength bearings made of JIS SUJ2 in which blocks 
were re�ned through special heat treatment7). These 
through hardened bearings had blocks strengthened 
through re�nement, and  were enhanced with 

NTN designed a special heat treatment to improve bearing properties by 
resulting in a �ne microstructure of steel. The resulting �ne microstructure 
consists of homogeneous martensite blocks and precipitations of a re�ned 
size. Testing shows specimens with �ne microstructure had high impact 
strength and wear resistance. Fine microstructure test bearings also showed 
superior rolling contact fatigue lives under both clean and contaminated 
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improved anti-wear performance through nitriding7)-9). 
Recently, we have used the aforementioned heat 

treatment technology to develop new bearings made 
of low-carbon steel with re�ned blocks for longer life 
and higher strength. NTN calls these newly developed 
bearings “ETFA,” and we are currently moving toward 
practical application. 

This article describes the details of these ETFA 
bearings.

2. Fine microstructure of ETFA
2.1  Material and state of precipitation 

formation
The material used is low-carbon steel containing 

Cr and Mo. The �ne microstructure of low-carbon 
steel is controlled by applying carbonitriding 
treatment and grain re�nement treatment. Table 1 
shows a comparison of ETFA characteristics with the 
characteristics of conventional carbonitriding treated 
bearings (referred to hereafter as the “conventional 
product”)10). Compared to the conventional product, 
the prior γ grains, blocks, and precipitations of ETFA 
are �ner than the conventional product, and the 
number density of precipitations is high. 

Fig. 1 shows a typical example of the depth 
distributions of carbon and nitrogen concentrations 
in ETFA measured with an Electron Probe Micro 
Analyzer (EPMA). Multiple sharp rises in concentration 
attributable to precipitations were con�rmed in the 
surface layer. It is evident that carbides, nitrides, and 
carbonitrides are present at high density and with 
high re�nement. 

Fig. 2 shows a scanning electron microscope (SEM) 
image of prior γ grain boundaries and precipitations 
in the raceway surface layer. The crystal grains of 
ETFA are �ne and precipitations are homogeneously 
dispersed.
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Table 1 Feature of the developed bearings
Item Conventional product ETFA

Heat treatment Carbonitriding 
quenching

Carbonitriding 
quenching

Grain re�nement 
treatment

Carbon concentration Standard Standard
Nitrogen concentration Standard Standard

Residual γ amount Standard Standard
Size of precipitations Standard Fine

Number of precipitations Standard Numerous
Size of prior γ grain Standard Fine

Size of martensite blocks Standard Fine
Hardness Standard Standard

2.2 Condition of block formation
Fig. 3 shows images of prior γ grains and blocks 

in the raceway surface layer. The block images are 
inverse pole �gure crystal orientation maps measured 
using the electron backscatter di�raction (EBSD) 
method. The prior γ grains and blocks of ETFA are 
�ne compared to the conventional product. Fig. 4 
shows the {011} pole �gure for blocks. The block 
crystal orientation density is lower overall than that 
of conventional products and crystalline orientation is 
low. 

Fig. 5 shows the average grain size of these blocks 
and their average aspect ratio. These values were 
calculated for blocks corresponding to a speci�c area 
ratio. That is, blocks within the �eld of observation 
are added together in order of their area, and this is 
the average value for those grains when their total 
area corresponds to 30, 50, or 70 % of the block total 
area. The di�erence in block diameter compared to 
the conventional product increases as the area ratio 
decreases, and a similar trend is event for the aspect 
ratio as well.
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Fig. 1 Typical depth pro�les of C and N concentrations
of the developed bearings

Conventional product ETFA

Fig. 2 SEM-micrographs of prior austenite grain 
boundary and precipitations near race 
surfaces of the bearings

As indicated above, the formation of precipitations 
and blocks is re�ned and homogeneous on the 
raceway surfaces of ETFA bearings.

Fig. 3 Observation images of prior austenite grain and martensite block near race surfaces of the bearings
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Fig. 5 Martensite block size and aspect ratio near race 
surfaces of the bearings

3. Rolling fatigue life of ETFA bearings
3.1 Rolling fatigue life test conditions

Rolling fatigue life testing was carried out under both 
clean and contaminated lubrication conditions. Fig. 6 
shows a schematic drawing of the test rig, and Table 2 
shows the test conditions7). The test bearing used in 
the life test was a tapered roller bearing. The life test 
with clean lubrication was carried out with N=5 for 
bearing A (inner diameter 30 mm × outer diameter 
62 mm × width 17.25 mm). To improve the reliability 
of evaluation results in the life test with contaminated 
lubrication, testing was carried out with N=6–9 for 
bearings A and B in two sizes (inner diameter 85 mm 
× outer diameter 165 mm × width 56–58 mm). To 
increase contact surface pressure of the raceway in 
testing of bearing B, the number of rolling elements 
was reduced from the standard 17 to 5.

Fig. 4 {011} pole �gure of martensite block near race surfaces of the bearings

Spring

Pulley
Test bearing Test bearing

Support bearing

Fig. 6 Schematic drawing of the life test rig

Table 2 Conditions of the life test
Item Bearing A Bearing B

Basic dynamic 
radial load rating 48.5 kN

Conventional 
product: 150 kN

ETFA: 168 kN
(Number of rolling 

elements: 5)
Radial load 17.64 kN 53.9 kN
Axial load 1.47 kN 29.4 kN

Max. contact 
surface pressure 2.5 GPa

Conventional 
product: 2.9 GPa

ETFA: 2.8 GPa
Inner ring rotational 

speed 2,000 min-1 500 min-1

Lubricating oil 
viscosity ISO VG 56 ISO VG 100

Contaminant type High speed tool 
steel dust

High speed tool 
steel dust

Contaminant size 100 - 180 μm 100 - 180 μm
Contaminant 

hardness 700 - 800 HV 700 - 800 HV

Amount of 
contaminant in 
lubricating oil

1.0 g/L 0.4 g/L

3.2  Rolling fatigue life under clean lubrication 
conditions

After operation for 10,000 h or more in all cases, 
the ETFA bearings were stopped in undamaged 
condition. Therefore, life under clean lubrication 
conditions was clearly longer than the basic rating life 
under these test conditions (L10h = 243 h).

Conventional product ETFA
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3.3  Rolling fatigue life under contaminated 
lubrication conditions

Fig. 7 shows results of the test under contaminated 
lubrication conditions. Rolling fatigue life of the ETFA 
bearing under contaminated lubrication conditions 
is roughly 2 times or more greater than that of the 
conventional product. 

Flaking due to rolling fatigue can be broadly divided 
into two types depending on di�erences in the point 
of damage origin: surface originated and subsurface 
originated11)-13). In both cases, the magnitude of 
stress concentration due to rolling has an e�ect on 
life. Therefore, it is conjectured that ETFA has some 
e�ectiveness in easing stress concentration during rolling. 

In �aking under contaminated lubrication conditions, 
the damage originates at the margin of an indentation 
formed by a hard foreign body. This sort of indentation-
originated �aking is thought to occur due to application 
of repeated normal stress at the surface normal to the 
raceway tangent direction14). The fatigue strength of low-
carbon steel after carburizing improves with greater 
re�nement of prior γ grain15). Therefore, rolling fatigue 
life of the developed product under contaminated 
lubrication conditions is thought to improve due to block 
re�nement.

a) Bearing A

b) Bearing B
Life h

1
101 102 103

5

10

20

50

80

99

ETFA

Bearing B

Life h

Cu
m

ul
at

ive
 d

am
ag

e p
ro

ba
bi

lit
y %

Cu
m

ul
at

ive
 d

am
ag

e p
ro

ba
bi

lit
y %

1
101 102 103

5

10

20

50

80

99

Conventional 
product

ETFA

Bearing A

Conventional 
product

Fig. 7 Results of the life tests under contaminated 
lubrication conditions

4. ETFA impact strength
4.1 Impact test conditions

A Charpy impact test was carried out at room temperature 
and low temperature (-20 ℃). The test specimen was the 
U-notch type with dimensions of 55 mm × 10 mm × 10 
mm. The test method conformed to JIS Z 2242.

4.2 Impact strength
Table 3 shows the results of the Charpy impact test. 

Impact strength of ETFA was roughly 1.8 times that of 
conventional material.

Table 3 Charpy impact values of the specimens at 
room temperature and – 20 ℃

[J/cm2]
Test material

Test temperature
Conventional 

material ETFA

Room temperature 5.3 9.8
Low temperature (-20 ℃） 5.0 9.5

4.3 Reason for improving toughness
Fig. 8 shows observation images of the fracture surface 

near the notch bottom of the impact test specimen, 
and Cr mapping images of the �elds of observation. A 
SEM was used for observation, and energy-dispersive 
X-ray spectroscopy (EDX) was used for Cr mapping. 
Enlargements of the observed �elds a) and d) are given 
in b) and e). Mapping images were obtained for observed 
�elds b) and e). In addition, the region of ductile crack 
formation prior to fracture is indicated with a dotted line 
in the images for observed �elds a) and d)16). 

The main fracture morphology of the conventional 
material was grain boundary fracture at prior γ grain 
boundaries. The width of the ductile crack formation 
region was about 5 μm. Also, dispersion of Cr-based 
precipitations was con�rmed at the prior γ grain 
boundary surface, and the size of the precipitations was 
roughly 500 nm or less.

Conventional material ETFA

Fig. 8 SEM-micrographs and EDX-mappings of the fracture 
surfaces near the U-notch after impact test
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On the other hand, the main fracture morphology of 
ETFA was transgranular fracture. Width of the ductile 
crack formation region was about 10 µm. Numerous 
dimples were con�rmed at the fracture surface, and 
their size was roughly 50 – 500 nm. Dispersion of Cr-
based precipitations was also con�rmed at the fracture 
surface. Their size was roughly 100 nm or less. 

For the above reasons, it is thought that grain 
boundary segregation of precipitations containing Cr is 
suppressed in ETFA, and prior γ grain boundaries are 
strengthened17). Also, the region where ductile cracking 
forms expands, and thus it is likely that fracture 
stress has been increased due to transgranular plastic 
deformation18)-20). Improved toughness likely occurred 
due to re�nement of blocks and precipitation structure.

5.ETFA wear resistance
5.1 Wear test conditions

A Savin type wear test was conducted at room 
temperature21). Fig. 9 shows a schematic drawing of 
the test rig, and Table 4 gives the test conditions. The 
test specimen was sheet-shaped with dimensions 
15 mm × 6 mm × 3 mm. The rotating circular 
plate serving as the opposing material has an outer 
diameter of 40 mm, and a subcurvature of R 60.

Load

Test specimen

Opposing 
material

Felt pad

Fig. 9 Schematic drawing of Savin type wear test rig

Table 4 Condition of the wear test

Item Setting conditions

Load 50 N

Initial max. contact surface 
pressure 0.49 GPa

Sliding speed 0.05 m/s

Sliding time 60 min

Lubricating oil viscosity grade ISO VG 2

Lubrication type Felt pad lubrication

Opposing material diameter 40 mm

Opposing material
sub-curvature R 60

Opposing material surface 
roughness Ra 0.01 µm

5.2 Wear resistance
Table 5 shows the speci�c wear rate obtained from 

the wear test. The speci�c wear rate of ETFA was 
compared with that of the conventional material, and 
it was about 1/2 or less. Based on the order of the 
speci�c wear rate, it is conjectured that the main wear 
mode is adhesive wear 22).

Table 5 Speci�c wear rate of the specimens
 [× 10-10 mm3/(N･m)]

Test material
Opposing material

Conventional 
material ETFA

Conventional material 701 120
ETFA 357 166

5.3 Reason for improved wear resistance
Fig. 10 shows optical microscope images, SEM 

images, and oxygen mapping images obtained 
through EDX, of the test specimen wear traces. 
The wear traces of the conventional material form 
a number of streaks due to wear scratching in the 
sliding direction (vertical direction). ETFA, on the other 
hand, exhibits wear scratches with a �ne line width 
over a wide range. Oxidation was evident in the region 
where these wear scratches occurred. 

Compared with conventional material, ETFA has 
high toughness, and hard, �ne precipitations are 
dispersed homogeneously over the surface, and those 
precipitations and high toughness are thought to raise 
the shear resistance of the direct contact surface. As 
a result, it is likely that severe wear was suppressed, 
and high surface pressure was maintained at the 
contact surface, so that oxidation at the wear surface 
was promoted 23)24).

Conventional material ETFA

Fig. 10 Optical micrographs, SEM-micrographs and 
oxygen mappings of the wear traces for the 
specimens
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6. Conclusion
This article has described in detail “ETFA” roller 

bearings strengthened through �ne microstructure 
design. The rolling fatigue life and strength 
characteristics of these bearings greatly surpass 
conventional bearings, and thus ETFA can cope 
with the increasing severity of roller bearing use 
environments. 

We at NTN will continue improving our heat 
treatment and material technologies, and contributing 
to the development of roller bearings.
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