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Abstract. The active surfaces topography of bodies in rolling contact can be obtained by
different manufacturing technology. The scope of this paper is to evidence the influence of the
initial surface roughness on running-in process, working surface geometry and durability of
rolling contacts. The paper presents a numerical study applied on a toroidal roller bearing
where the modified rating lives have been evaluated with the methodologies mentioned by ISO
16281.

1. Introduction

The topography of the active surfaces in rolling contact depends on the surface manufacturing process
technology. In the field of engineering the exact degree of roughness can be of considerable
importance, affecting the function of a component or its cost [1,2,3].

The roughness of the surfaces that interacts has an important role on its tribological behaviour. The
solutions of the models used in order to describe it [4,5] require the input of a three-dimensional rough
profile. Since the experimental acquisition of such profiles does not allow a sufficiently large sample
of profiles to be used, an essential requirement for any numerical algorithm is to generate arbitrarily
rough surfaces with the same or similar proprieties of the real surfaces [6,7].

When two engineering surfaces are loaded for the first time changes in the topography of both
surfaces generally occur. These changes appear between start-up and steady state and are associated
with running-in process [8,9].

An analysis model was developed to model the nonlinear strain rate dependent deformation of
materials stressed in elastic-plastic domain [10,11]. The model is developed in the frame of
incremental theory of plasticity using the von Mises yield criterion and Prandtl-Reuss equations.
Considering the isotropic and non-linear kinematic hardening laws of Lemaitre-Chaboche [12,13] the
model accounts for the cyclic hardening phenomena.

The nano-asperities of contact surfaces generate high pressure peaks in pressure distributions that
can severely diminish the modified rating life as is defined by [14].

2. Theory

2.1. Elastic-plastic model

The elastic-plastic model developed to evaluate the plastic deformation of the surfaces considers the
material cyclic hardening characteristic that is described by a combined isotropic and nonlinear
kinematic hardening laws [12,13].
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The yield surface is defined by the von Mises yield criterion:
F=flo-a)-c!=0 (1)

where f (a - a) is the equivalent von Mises stress and o, is the yielding stress.

The non-linear kinematic hardening component describes the ratchetting effect by expressing the
translation of the yield surface in the stress space through the back-stress a.

The isotropic hardening component of the model defines the yielding stress as a function of the
equivalent plastic strain and is given by the relation:

o, =0,,+0, -(] —e e ) ()

where Q.. is the limiting change in the yield surface size on the deviatoric plane and b., describes how
rapid the limit size is reached [15].

According to the energetic theory of fracture, the von Mises stress is an equivalent uniaxial traction
stress [13]. For a 3D contact loading in each point of the stressed volume the equation of von Mises
stress amplitude includes all 6 components of the stress tensor. For this consideration, when the yield
limit is overcome, it can be used the pseudo-plastic Ramberg-Osgood’s equation in the combined
hardening laws, equation that gives the correspondence between the intensity of the stress tensor and

the intensity of the strain tensor:
— —\N
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where B is the coefficient of plastic resistance and A is the hardening exponent [10,11].
The plastic deformation of the surfaces is given by the plastic strains accumulated in the sub-
surface layer:

u”(x,y)zf{:g”(x,y,z)-dz 4)

2.2. Modified rating life
The classic computation of the rolling bearings basic rating life considers only the equivalent load on
the bearing P, dynamic capacity load C and an exponent p depending of the rolling element:

L,= |:£:|p )

where p = 3 for ball bearings and p = 10/3 for roller bearings [16].

To take into account the peaks of the pressure distributions generated by the presence of the nano-
asperities on the surface, was developed a method to compute the basic rating life with methodology
given by the standard ISO 16281 [14].

In the first instance, for the roller bearings, to evaluate the rating life is needed to determine the
elastic deflection of each loaded roller j that depends on the radial load and internal radial clearance of
the bearing:

s
0, =5,-cos¢7j—3 (6)

In the second instance, to consider de load on every loaded roller is used the lamina model as is
described in [14] and the roller is divided into n, identical laminae.
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The load g; on lamina & of the roller j is:

10/9
qj,k zcs '§j,k (7)
with the spring constant ¢;:

o - 35948-L° ®)
s ns
were L,, is the roller length and #; is the laminae number [14].
In the third instance, the basic rating life L, of the roller bearings is calculated with:

, -9/2 —9/2 %7
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where: ¢y - basic dynamic load rating of a bearing lamina of the inner ring,
Gkce - basic dynamic load rating of a bearing lamina of the outer ring,
ki - dynamic equivalent load on a lamina & of a rotating inner ring,
Giee - dynamic equivalent load on a lamina k of a stationary outer ring.

According to standard [14], the dynamic equivalent loads on each lamina of the inner/outer ring gy,
and g are computed as a function of the stress riser coefficients evaluated for each lamina of each
roller. The stress risers are calculated considering the pressure distribution on the corresponding
lamina.

In the last instance, the modified rating life L, of the roller bearings is given by:

-8/9
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where the life modification factor a;5 is calculated for each bearing lamina & using its dynamic
equivalent load Py,:

E,
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In facts, the life modification factor a;so is a function that depends on the lubrication factor «, oil
contamination factor 7. and fatigue load limit P, for the given application [16].

3. Results and Discussion

A toroidal roller bearing - CARB C2318, has been selected for the numerical case study. The main
geometrical data are as follows: inner ring diameter d.; = 115 mm, outer ring diameter d.. = 165 mm,
roller diameter d,, = 25 mm, roller length L,, = 54 mm, number of rollers Z = /4. The catalogue data
[17]: dynamic capacity load C = 610 kN and fatigue load limit P, = 73.5 kN.

For numerical case study of the running-in process a medium radial loading Fr=0.185-C=112.5kN
and three magnitudes of the surface roughness parameters was used: a fine roughness with
Ry = 40 nm for roller surface and R,;; = 70 nm for inner ring raceway surface, similar to the surface
roughness values measured with Taylor Hobson profilometer, a medium roughness with R,,., = 80 nm
and R,;> = 140 nm and a grossly roughness with R,,,; = 120 nm and R,;3 = 210 nm.
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To consider the material behaviour, in the elastic-plastic model was used the following parameters
of the roller bearing steel: the Young modulus £ = 209 GPa, the Poisson coefficient v = (.29, the
yielding stress oyy = 1650 MPa, the limiting change in the yield surface size on the deviatoric plane
0. =-100 MPa and b,, = 120 which describes how rapid the limit size is reached [15], the coefficient
of plastic resistance B = 4320 MPa and the hardening exponent N = /2.6 [10,11].

Roughness profile on roller generatrix for wa =40 nm Roughness profile on Inner ring generatrix for qu =70 nm
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Figure 1. Numerical results for highest loaded roller-inner ring contact (R,,; = 40 nm, R,;; = 70 nm):
(a) roughness profile on roller (before and after run-in), (b) roughness profile on inner ring (before and
after run-in) and (c) pressure distribution.
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Figure 2. Numerical results for highest loaded roller-inner ring contact (Ry; = 80 nm, Ry = 140 nm):
(a) roughness profile on roller (before and after run-in), (b) roughness profile on inner ring (before and
after run-in) and (c¢) pressure distribution.

In figures 1(a),(b), 2(a),(b) and 3(a),(b) are presented the 2D roller and inner ring roughness
profiles before and after 300 running cycles. It can be observed that the running-in process is more
pronounced for the inner ring and the roughness heights are plastic deformed in the middle contact
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area for /0 mm in length for Ry; = 70 nm, for 20 mm in length for R, = 140 nm and for 40 mm in
length for R,;3 = 210 nm. The plastic deformations of the roughness peaks are higher as the roughness
is coarser.
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200 i 200 2
- ; : before - before
E £00 ; : unn E £0 run-in
E 400 ! ! ! E 400 i
S 200 froeefidiord e t]'H S 200 i i
EU bbbl | 1
2 2000 *lw ! Nﬂ }“? MW'I {r il W\Ml\ “nllli N % 200kl ¥k ’Il_i .......... J
- e K o i L | l g
£ 400 i : ! £ 400 .
2 -600 j : - 2 -600 . _ ot
-EB-%O -20 -1|l} 6 10 20 30 -EB-%O -ZID -10 1'.II 1ID 20 30
roller length [mm] roller length [mm]
(a) (b)
Pressure distribution on roller generatrix for wa =120 nm and qu =210 nm
4000 T T
RO Lt e S i e e s .Il | i ! Joid —smooth
. 3000} f ! f L rough
5 2500 |+reeeeseeremneresssesesens i 4 ——run-in
£ 2000/ | ML
; 1500._ ................................. - Uik 4 —
A L o
171 A} 100 ' SO S SRR SRS SRR SURRNN (R PN NN N OO | 1. S -
: bl i ki i
—OSI] 20 30

roller Ien(g}nh [mm]

(c)
Figure 3. Numerical results for highest loaded roller-inner ring contact (R,,; = 120 nm, R, = 210 nm):
(a) roughness profile on roller (before and after run-in), (b) roughness profile on inner ring (before and
after run-in) and (c¢) pressure distribution.

The 2D pressure distributions on roller generatrix for the highest loaded roller-inner ring contact
are presented in figures 1(c), 2(c) and 3(c). In comparison with a smooth contact surface it can be
observed that the presence of the roughness on the contact surface generates peaks in pressure
distributions. The pressure peaks are higher as the roughness is more grossly and have the maximum
value of 2700 MPa for the fine roughness, 3200 MPa for the medium roughness and 4000 MPa for the
grossly roughness. In the middle of the contact length the maximum pressure for the smooth contact
surface is 2250 MPa.

It can be observed that after 300 running cycles the pressure peaks are slightly diminished in the
middle of the contact length for the fine and medium roughness and are significantly diminished on
the all contact length for the grossly roughness.

Table 1. Rating lives for light loading conditions (Fr = 0.055-C = 33.5 kN)

Roller Inner ring L Modified rating life,
roughness roughness Rating life, L 19mr, hours, [14]
Lyg, hours, [16]
Ry [nm] Ry [nm] Before Run-in
smooth smooth 688750
40 70 218660 324140
264700
80 140 28205 74993
120 210 2297 38602

In table 1 are presented the modified lives L 4, for light loading conditions (Fr=0.055-C=33.5kN).
The values of the modified rating life are smaller for the rough surfaces than for the smooth surface.
For the case of modified surfaces after 300 running cycles with medium radial loading, it can be
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observed an increase of the modified rating life, apparently a higher increase for the grossly
roughness, approximately /6 times more than before run-in (from 2297 hours to 38602 hours), but a
significantly increase for the fine roughness, approximately 705000 hours more than before run-in
(from 218660 hours to 324140 hours).

4. Conclusions

The topography of the active surfaces in rolling contact depends on the surface manufacturing process
technology. Numerical results presented in this paper evidence the fact that the presence of nano-
asperities on contact surfaces influence the running-in process and durability of rolling contacts.

It was used a numerical method to generate an arbitrarily defined three-dimensional rough surface,
a elastic-plastic model to take into account the running-in process and the new methodology given by
ISO 16281 to evaluate the modified rating life.

The presence of nano-asperities on contact surfaces generates peaks in pressure distributions,
higher peaks for surfaces with grossly roughness. For surfaces with coarser roughness the running-in
process is more pronounced than for surfaces with a finer roughness.

The modified rating life it is severely diminished for surfaces with coarser roughness (by two
orders of magnitude), even after running-in process (by one order of magnitude) than for smooth
surfaces or with a finer roughness.
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