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Abstract: The article deals with the changes in the surfaget of the ring of rolled bearing steels. The
additional method of hydrostatic roller burnishimgeration is applied on samples of material 100Cr6
(EN 10132-4) and changes in the surface layer @fibrkpiece are then evaluated. The simulationgusin
finite element method was used to better understamdngoing phenomena.
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1. ROLLING TRACK OF BEARING F e

Roller bearings are an integral part of a large lpeim
of machines and equipment. The largest portion lman
found in the automotive industry, transport machine
machine tools, in airspace engineering, etc. Their
mechanical properties and reliability have a sigaiit
impact on the operation of the entire system. [Daffe i i i
types of roller bearings are made from the mostroom | Sl
ball bearings through tapered, cylindrical, andré&lar e
bearings to special types for specific purposese Th
critical point is then a dynamically loaded surfdager Fig. 2. Detail of pitting on bearing ring.
of the bearing ring. This ultimately leads to faiég
failure (see Fig.1 and Fig.2). what brings improved properties of the ring surfger

In the case of bearing rings made of bearing steelithout changing dimensions of already machinedg.rin
14109 (DIN 1.3505 100Cr6) and 14209 (DIN 1.3520 This operation can also be used as additionalr afte
100CrMn6), the layer is thermally treated, thenum  pertinent dismounting of complete bearing.
and superfinished. To increase the life and rditghof

the bearing there can be eventually applied théerrol 2. HYDROSTATIC ROLLER BURNISHING
burnishing of dynamically loaded bearing surfegesr

2mm

The method of roller burnishing does not eliminate
ST total residual stress induced e.g. by previousdinin
but causes compressive stresses by plastificatidheo
surface layer [2].
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The resultant values showed a high value of siress
the vicinity of contact point between the workpieaed
the roller-burnishing element and also the fornatid
plastically deformed area in the surface layerhasvs in
the following Figs. 5to 7.

The performed simulations show that the resultant
course of stress below the roller-burnishing elemen

I also in a relatively large extent influenced by tb#er-
i f burnishing method that was used; particularly when
F f" using a non-rolling element, a more significant
plastically deformed area is shifted to the workpie
surface.
Fig. 4. Hydrostatic roller burnishing tool of company Reduced stress illustrated in Figs. 5 and 6 isnédfi
HEGENSHEIDT [8]. by the relation (1) [6, 7].

Compressive stresses on the surface of roller 1 ) , ,
burnished area then prevent the development oksrac UE\/E[(UFUZ) +(02‘03) +(03‘01) ] (1)
and eliminate the effects of micronotches.

As a roller burnishing tool in case of hardened

bearing steel it is suitable to use a hydrostatiter Intensity of stress is defined by the relation (8).7]

burnishing head with a ball-shaped element in diame _ _ _ _
of roughly 3 mm. Hydrostatic roller burnishing head 9= MAX[(Gl OZ)’(OZ 03)’(03 01)] )
made by company HEGENSHEIDT or ECOROLL [9] - T1vE-2
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pressure of roller burnishing element on the serfat
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force, derived from the fluid pressure of 500-2 BD0

T 296.726
B 555957
B 553,107
B g6
B 1590
TS
. s
L_BPEe
B3 zea3

3. SIMULATION BY FINITE ELEMENT
METHOD

To better understand the mechanism of plastic
deformation in the surface layer of roller-burnidhe Fig.5 3D simulation of roller burnishing, reduced stres not

material, the simulation by means of finite element affected by friction in the surface layer.
method (FEM) can be used. As a suitable candidege t

ANSYS program has been selected and the simulafion I e
stress and plastic deformations was performed in PowerGraphios
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immediate vicinity of the contact point between the
workpiece and the tool.

To increase the efficiency of computation, the nhiode
itself was reduced to a depth of 0.5 mm in the cddbe
workpiece, and the segment of ball in a lengthron3.
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Fig. 6. 3D simulation of roller burnishing, reduced stres
affected by friction in the surface layer.
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Fig. 7. 3D simulation of roller burnishing, intensity piastic
Fig. 5. Proposed 3D model for FEM. deformation affected by friction in the surfaceday
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Intensity of plastic deformation is defined by the ¢ o=

relation (3). [6, 7]
€= MAX[(El & )' (82 - 53)' (53 - 51)] 3)

For better illustration of the course of plastic
deformation itself in the area below the toolsipissible
to show the courses in the cross-section, as caedrein
Figs. 8 to 12.
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Fig. 9. Course of intensity of deformation depending an th
depth below the surface, cross-section IV.

{r10%
E I

.384 1,153 3,481

x10%%-2)

\

AN
\\

““““ﬁmm EPTOINT

(108 —1)

Q T T
o 760
LT

z.a76 I.m46
3441

L ers]
420 s

T
J—
Epprs

- 53sl
1923

DIST

11853

Fig. 10 Size of equivalent plastic deformation depending
the depth below the surface, cross-section IV .
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Fig. 11. Size of equivalent plastic deformation and intgneft
deformation depending on the depth below the serfamss-
section Il.
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Fig. 12.Size of equivalent plastic deformation depending on
the depth below the surface of the workpiece, esession V.

The performed simulations showed an excess of
stress in the surface layer of the workpiece upa tiepth
of roughly 0.2 mm. This leads to plastic deformatand
has a significant impact on the examined matesige.

4. PRACTICAL MEASUREMENTS

For the actual evaluation of changes in the surface
layer, residual stress was measured and surface
roughness of roller-burnished surface was evaluated
Next, scratch pattern was carried out in the evatlia
layer and images were obtained from optical andteda
microscopes.

4.1. Change in roughness

In relation to the previous simulations, different
values of working force acting on the forming elerne
were tested. The forming element, made of sintered
carbide, had a diameter of 3 mm and a sphericglesha
selection of other technological parameters did haote
such a major impact compared to the change in wgrki
force. Therefore, values of working speed= 30 m.§
were chosen, and the feed per revolution Wwas0.05
mm, which correspond to the recommended values.
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Both the arithmetic mean roughne&a and the
maximum height of profileRz [1] were evaluated. The | =28 y
values obtained are shown in Table 1. S \

Measurements of the individual values were repeate( -zpo,o-, ; Oetin L],
and mean values were entered. 0 ot 0z 03 o4 05 06 07 .00 O U0

From the resulting measurements, a more significan s oo _— N
increase is clearly apparent in surface roughnefis w = see- - =
excess in the working force of 1 GaD500 N. However, 0 ]
this value still meets the parameters requiredtferfinal e | )
state of the workpiece surface. Therefore, in teohs """i"
surface roughness, the optimum value of workingedor ¢ P
proved to be the value from 500 to 1 000 N. :: | | s

X X 0,0 0,1 0L © 03 0,4 0,5 0.6 0,7 0,8 0,9 1,0
4.2. Residual stresses in the surface layer
Fig. 15.Size of principal stresses depending on the degithw

The value of residual stress was me_asureq_ in thethe surface of fine-burnished sample (steel 141BRE63).
surface layer of the raceway of bearing ring. Tiiiig

was ground and then superfinished. The resultingeva

was between -250 and -350 Mpa. The negative valugnetal phase; due to this it was possible for each
indicates a compressive stress in the surface .ldger measurement of residual stress to determine theiatmo
case of ground surface, this value then ranged #2080  of residual austenite in the surface layer.

to +300 MPa. This difference is largely due to figh The resultant value of percentage representaticn wa
thermal loading of the surface layer during grimdin  measured with an accuracy of + 1% out of the total
compared to superfinishing. To measure the residualolume of material. An example of this measurenuant
stress values, two methods were applied. First, thé&ye seen in Fig. 16. However the depth of the layer
mechanical method using deformation changes tisattre measured by this method was limited to,40 below the
from hole-drilling at the point of measurement. §hi surface.

method evaluates the deformation with a strain gaug  Significantly higher values of stress in case of

rosette placed at the measuring point. ~ measuring byX-ray method can be mainly explained by a
An example of data obtained by measurement using gelatively shallow depth of measurement compared to
hole-drilling method can be seen in Figs. 14 and 15 hole-drilling method where the depth amounted feva

Furthermore, the roentgenographic method, whichtenths of mm.
evaluates the crystal lattice deformation [3] ire th Within the measurement, changes were then
individual phases of the material under considemati evaluated of the amount of residual austenite ddipgn
The used equipment (Philips D500) also allowed anon the size of the working force and subsequeritdy t
assessment of the percentage representafi@ach  amount of residual stress depending on the workinge
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Fig. 16.Intensity of refracte&X-rays depending on the angle of
refraction.
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Fig. 19. Dependence of the amount of residual austeniteein
surface layer on the size of working force.
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was assessed. Both these dependencies are cleamlyns
Figs. 17 and 18.

The rising value of pressure residual stress with
increasing value of working force is, within the asared
interval, approximately of linear nature.

The amount of residual austenite in the surfacerlay
then decreases up to the working force of 1 00@aLN,
where it reaches its minimum value.

Both these experiments led to the third dependence,
i.e. the size of residual stress depending on ti@uat of
residual austenite. This dependence enabled wectod
all measured values under different technological
conditions.

4.3. Structure of surface layer

For evaluation of the structure state in the serfac
layer, methods of light and X-ray microscopy wesedl
The respective steel with 1% C, 0.4 % Mn and 1.E%6
is used for rolling elements and rings of thicknapsto
25 mm. The samples were, similarly to mass-produced
rings of rolling bearings, hardened and temperelb\at
temperature. Between the operations of rough grindi
and fine grinding, the samples were also artifigiaged
at temperature of 140°C for 2 hours. The assumed
resulting structure consists of a very fine strietof
Martensite needles evenly distributed between darbi
particles. Another component is then a small amadint
residual austenite which is usually located in esetl
areas between Martensite needles (see Fig. 22).

Figs. 20 to 23 show a microstructure of a roller
burnished layer to a depth of a few tenths of mmthis
image, plastic deformation is clearly seen; origina
structures are inclined by up to 45°. To assess the
possible phase changes in the surface |2§eay replica
images were carried out at high resolution.

Fig. 20. Steel for roller bearings 14 10Qital 1% 150x, roller-
burnished by working force of 2 500N.

-

Fig. 21. Steel for roller bearings 14108ital 1% 750x, roller-
burnished by working force of 2500N.
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Fig. 22. Steel for roller bearings 141091000x, roller-

burnished by working force of 2500N, replica in ttepf
0.2 mm below the roller-burnished surface.

Fig. 23.Steel for roller bearings 14 1091 000x, roller-

burnished by working force of 2500N, replica in thepf
0.01mm below the roller-burnished surface.

6

When comparing the images of the subsurface Iaye¥ ]
(Fig. 22) and the layer of a few tenths of mm betbe
surface (Fig. 23), a reduction of residual austeniteas

is clearly seen.

5. CONCLUSIONS

showed both the improvements in the state of residu
stress, and also the changes in surface layer nesghA
significant plastic deformation occurred even thotige
material was in a hardened state. This result may b
achieved both due to plastic deformation and ais®td
possible phase change of the material leading home
changes.

A positive impact on bearing life has been
experimentally verified on bearings where an addal
operation of roller-burnishing was applied to aling
track; these bearings showed more than twice ag lon
service life [5, 8]. Due to these good resultsamts of
surface roughness, skipping of superfinishing ajmra
and its replacement by roller-burnishing can also b
considered.
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