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Abstract: The paper describes the determination of varioeofa lubricants that affect the durability of
rolling bearings or general rolling contact. Theinowledge is a prerequisite for use in calculatthg
life of roller bearings from two perspectives. Aball, it will be possible to determine more acdeha
the durability of rolling bearings or rolling conta with all the economic consequences. The deegefin
this information will enable purposeful and conteal increase of rolling bearing durability.

Developing a reliable calculation of the life andrdbility of roller bearings or other machine nodeih
rolling contact is a long-term global problem thads recently received considerable attention. Téxedn
for more accurate calculations with respect to @igrg conditions and desired reliability of machipe
and equipment is enforced by constant rapid pacealefelopment of most industries as well as
engineering. In this situation it is necessary teegdesigners such calculation methods and matetfedt
enable optimal use of the properties of roller begs in rotating systems of machinery and equipment
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1. INTRODUCTION The required solution is found at tribology, whiish
the scientific discipline concerned with the contac
surfaces in relative motion and practices with eespo
these. Analysis of the current state of designutalimns

Developing a reliable calculation of the life and
durability of rolling bearings or other machine knavith
rolling contact is a long-term global problem thes ; C C ;

: . ! and calculations of service life and reliability wfllin
recently received considerable attention. The nieed y g

: lculati ith ¢t i bearings shows that while in recent years sharply
more accurate calcuiations with respect 10 ope&gatin j, . .ased demands on bearing, calculations theeselv

conditions and deswed_ reliability of machinery is are essentially unchanged for 80 years.

gnforced by constant rapid pace of dgvelopmgntqﬁtm When designing the bearing knots the criterion of
!nQUstry branches gnd als_o engineering. In thmmn rolling contact fatigue (pitting) from contact téms
Itis necessary to give deS|gn§rs such calculathrhods defined according to the Hertz theory prevails.this
and materials that enable optimal use of the pizzseof way the calculated life does not respond in marsesa

“""F‘g bearings in rotating systems, machinery andthe real. Especially in modern extremely loadedibga
equipment. . . ... (high and low rotational speed, high temperatuigh h
durggflitycgr?gsrel\i,; T)?szy obfe?r:len?r?aclrmlés V(\;IZLk u;:g'ty’ load, etc.) the bearing life ends very early, oftkre to

. . ) . defects other than fatigue damage (pitting). Vetgroit
e_ncoun_tered In engineering practice. It appearSt_tIta is a failure which processes cannot be even verball
tribological point of view is far from optimal asaring described. It can be difficult to mathematically dabthe

des'g_’?* as well as its use, especially in tougiraipeg emergence and spread, or even predict their sudden
conditions. In many cases, small structural changes

h . Ki di directi d natof destructive disorder. It is because one of the gmym
changes In working conditions, direction and natore ¢ i, ¢ delimiting operability bearings - lubricatieffect
load, lubrication and cooling, can significantlyciaase

. . - . of the contact is not yet included in the phaséeaxrin
the technical life of the bearing and the entiftsrovery calculation. Namely},/ there are elasliohydrodyngmic

complex mach|r_1e. The same conc!u5|_ons can be mad HD) effects in the lubricated contact areas which
also on the basis .Of long-term monitoring of.tmuits determine the size of the forces of interactionveen

bearings on testing Iaborato_r_les and testing on tesy,, rolling elements and the amount of friction. In
analogs which model the conditions of rolling camta operating conditions, but especially at testing

laboratories, there are also cases where the Igearin
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Iéggcsﬂcrgy:rt [\ﬁ;l]ch rolling elements are separatsd A= r;min . 3)
Q(qu * Ry, )
2. CALCULATION OF ROLLER BEARING where
DURABILITY Ry, Ry - initial roughness of functional areas
Traditional equations of rolling bearing life, whic expressed by mean square deviation from the mean i

was proposed on the basis of extensive research, Weproflle.

based on the information currently available arsliased
the use of the bearing steel quality. Equationafiplied
to the 90% probability of survival S, respectivdty

Equation (3) can be modified and preferably
expressed in the form (4){4].

10% probability of failureP, [1-3].
A= hmin
m J111dr,? +R,,?) @
C 1
Lio = (F—j - 1)
e where

R, Ry — initial roughness of functional areas

Traditional life equation does not reflect deviaBo gy nressed the arithmetical mean deviation fronmiban
that were set at inception date. The equation am¢s |ine profile.

stand up well in the complex operating conditiomsd Parameter of lubrication can have different values
does not calculate the durability of the survival g4 by its size it can be stated that i#41:

probability greater than 90%. With the above cdodg A = 3 or more, while loaded mostly elastohydrodyrami
adjusted according to the literature 2 the tradéldife lubrication film prevails

equation (1) was adjusted on the modified life #Qua ) = 1. apout 30% of the total load is transmitted by

(2) [1-3]. asperities of the surface profile, which tore laohting
film,
B c\" A = 0.4; the load is not transferred by lubricatfilm,
Lna =&y [&; (&g ) @) put o;irectly by surfaces of solids (fatigue damaugel
wear).

where Effect of elastohydrodynamic lubrication layer

_ e . o . thickness on life of bearing is very high. The t8sg
Lha modified - basic ~ durability of the desired durability in all cases of fatigue damage of roller

probability of ~survival (n indicates the pegrings, for the desired quantile is given by[{54].
probability of failure in %),

a, — coefficient of probability of survival, Ly = Lpger + Lo (5)
a, — coefficient of bearing material,
a; — coefficient of the operating conditions, in . .
: L n — adurability for quantile n,
particular lubrication. - o
Loget — @ durability due to pre-existing surface and

Equation (2) in this form takes into account new Subsurface defects,
factors, particularly the impact resistance of lthii®icant L, — a durability caused by the interaction of
layer, which is nowadays becoming a structural mete syrface unevenness.
(the part touching the surface). The equation asmts
with new bearing materials which are homogeneous an
have a smaller amount of inclusions and other defec
than before and also influences the production
technology. Equation (2) also allows the calculatio
bearings are more likely to survive. The positiffect of
the lubricant factor (2) is seen in the lubricaaydr
thickness, which separates touching surfaces spe2Fi
It cannot be considered to what extent the conatater
lubricant in the bearing will fulfill its purposedm the
minimum thickness of elastohydrodynamic lubrication
layer. The effectiveness of elastohydrodynamiclayso
depends on the surface roughness of surfaces aaton
The relationship between the minimum lubricatinignfi
thickness and surface roughness can be expressefl us
the parameter lubrication, which is given by equa{3)
[1-4].

where

' }’ v/

Fig. 1. Minimum thickness of the lubricating film at diffnt
surface integrity [1].
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Fig. 4. Ways of elastic deformation.

Fig. 2. Determination of the transformation angje [1]. a) The total deformation of elastic part [1].
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b) Local deformation of contact [1].

Fig. 3. The dependence of the transition angjeof the lubrication

type is closely related to local stress conditions.
parameter [1].

elastohydrodynamic lubrication can be briefly désemi
Size parameter of lubrication affects not only the as a Cond't'on In which the eIa§t|c deformatlont!mé

level of interaction touching the surface. Its saso surrounding objects p_lays an _|mportant role in the

depends on the character of changes in the steugfur Process of hydrodynamic lubrication [154.

the material below the surface of the cyclicalladed In this case, there are two important phenomene tha

rolling contact. The slope of the 30 ° light ststeat are &€ not in the conventional hydrodynamic theory

formed below the surface at a depth of maximum rsheaincluded. These are [1;-8]: o _
stress changes with the size parameter of lubsicati * the influence of high pressure on the liquid luanit

Angle 30 °of light stripes towards the tangent ke t viscosity,

direction of rolling motion is characterized by the * substantial local deformation of elastic bodies.

transformation anglep , which is called as Martin angle _

Fig. 2 [1-4] These two factors greatly influence the geometry of
. ) the lubricating film, which conversely changes the

pressure distribution in the contact. Complex iat&on

between state oil film and elastically deformed tpar
shows the interferogram of point contact (touchibad

on the plane), which is shown in Fig. 6 [£7%.

3. ELASTOHYDRODYNAMIC THICKNESS OF Basically, it is a fact that the balance between
OIL FILM hydrodynamic pressure in the fluid and elastic gues
The lifetime and durability of the roller bearing N the bodies must occur, so that the common swiuf

affects a large number of factors. The the fluid flow equations and elasticity affectsstta

elastohydrodynamics is a field that deals withaitins

in which the elastic deformation of the surrounding
objects plays an important role in the process of
hydrodynamic lubrication. Among machine parts in
general there are two kinds of deformations. In ftrs
case, the contact geometry is overall deformatiothe
elastic portion to which the force acts, see Figindthe
latter case the normally distributed stress atciwetact
point causes local elastic deformations which are ' i
significant in comparison with the thickness of the AR
lubricating film, Fig. 5. The difference between 200160 120
deformations lies in the fact that the first typé o Output um Input
deformation is relatively insensitive to the sizada

distribution of stress in the contact area, while $econd  Fig. 6. Interferogram of elastohydrodynamic point confagt

Plot of the transformation anglgg example to the

lubrication parameter was evaluated for ball bepend
is shown in Fig. 3 [14].
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Fig. 7. Pressure distribution during rolling contact betwéso
rolls when the calculation is performed on basjs [1
a) Hydrodynamic Theory (Martin) - rigid bodies, igiscous
lubricant,
b) Hertz theory - elastic body, metal contact (aithlubricant),
c¢) Elastohydrodynamic theory - elastic bodies, |tieicant is
Newtonian fluid.

hydrodynamic conditions at the contact point. The

starting point of elastohydrodynamic theory fatisl916,
when Martin received the relation (6) for the minim
thickness of the lubricating film [1,-5].

LT
R, w

(6)
where
H, — dimensionless parameter of hydrodynamic oil film

thickness,
U - dimensionless parameter of speed,
W - load.

Applied solution is shown in Fig. 7. Equation (&)n
be used to calculate the thickness of the oil fitween
the face of a roller element and a flange at cdnica
cylindrical, and spherical roller bearings, whereas of
hydrodynamic lubrication exist [1-53].

The dimensionless parameter of spdédand load

W are defined as follows [1-3]:
U :r-]f)—w, (7)
E R,
w=—t_, ®)
E R,
where
F =2£ ; Reduced modulus of elasticity:
a
_ 2
1-pf , 1-13
El E2
Index 1 and 2 apply to body 1 and 2.
Relative speed is determined by the relation:
V =V +u?, (9)
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Fig. 8. Geometry of contact of two elastic bodies [1].

where

1 1
VZEEQVN‘VZ)? U:E[ﬂul*‘uz)-

The reduced radiuR, and R, at the point of contact

is determined by the radii of curvature of the fiowal
surfaces in Fig. 8 according to:

-1 -1
rxl rxz rYl rYz
where

R, — reduced radius in the direction of movement,

Ry, — reduced radius perpendicular to the direction of

movement.

Based on long-term examination (analysis included
the effect of pressure on viscosity) in 1949 Grubin
obtained an approximate relationship (10) to caleuthe
oil film thickness in a high elastic contact, undbe
isothermal condition [1,-3B]:

Hmin =195[U 0.727[G 0727 EN—ODQI’ (10)
where
H.i, — dimensionless parameter of minimum film
thickness,
G — dimensionless material parameter is calculated

as follows:G = a [E ,
o — pressure coefficient of viscosity of lubricatioi
Current state of elastohydrodynamic contact satutio
from the perspective of calculating the thicknefshe
lubricating film performed by Hamrock and Dowson [3
4]. In calculation the numerical solution of thedyo
elastic deformation using numerical methods famiige
procedures was included. The procedure is in tea id
and the expression of pressure coefficient of taiimng
oil viscosity a [5, 6] according to equation (11).

No 1

- -1
o] o
o N(pT)

Relation (11) initially determined the fictitious
asymptotic iso viscous pressurg;,,;, where the

pressure coefficient of viscosity is the inversentary

11)

p iv,as
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to equation (10) the modified dimensionless
parameter defined by equation (12) was used+{&].5

F
E [R?

W= (12)

Thanks to equation (12) the dimensionless parameter

of the materialG may then be expressed in the form
(13) [1, 5-8].

£

(13)

p iv,as

From the above equations (11), (12), (13) and

substituting into equation (10) the equation (143sw
obtained, which provides calculation of the minimaih
film thickness [1, 58].

H = 3630y 68 [ 049 gy~ 0073 [(ﬂ_ e—o.ea@). (14)

min

Calculation of the oil film thickness at the centdr
the contact area is given by (15) [1, 5-8].

H, = 269U 087 [ 053 [y~ 0067 IZ(U.— e—0.73Eqb)' (15)
Meaning of the above parameters is shown in Fig. 9.

Equations (14) and (15) apply to the point anddine
contacts, it also includes ellipse paramet@rsthat can

be determined from equation (16) [185.

R 0636
o= 1.0399[E—VJ .
R

X

(16)

Testing, in which field the examined contact works,
whether at the hydrodynamic or elastohydrodynathis,
can enable four dimensionless parameters [3-6]chvhi
were designed to test Johnson operating conditioear
contact of two bodies and are given by formulas),(17
(18), (19), (20) [1, 5-8].

Viscosity parameter is:
Deformed body
!

—3
a’[F

_ 17
No IV [R? 40

J
/
/ Rigid body
f

| | P 7
Input | | ] s
area | \ d

!

|' '\T/
l Mo

Fig. 9. Qil film thickness of elastohydrodynamic contakt [

load
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Parameter of elasticity:
(18)
Parameter of load transient area:
! 2R, |
Speed parameter of the transition zone:
a‘E° m, v
N (20)
RX

If the inequality: g, <10, g, <06, then itis area of

hydrodynamic lubrication. Otherwise, this is anaacd
elastohydrodynamic lubrication. Out of this facteth
transition region of the partial elastohydrodynamic
lubrication  determine inequality: 1.0< g, <100,

15< g, <100. These four parameters are valid also for

the point contact of two bodies, if the ratio ofrmal
load in the contact arek per unit length of the contact
area is used [1,-38].

CALCULATION OF
ELASTOHYDRODYNAMIC LUBRICATION
CONDITIONS FOR TESTED BEARINGS

When determining elastohydrodynamic lubrication in
roller bearings the contact between the most loaded
rolling element and the corresponding ring is anedy
At the single row ball bearings it is the innergiri\t the
double row self-aligning ball bearings on the canrit
is the outer ring. In fact, it is always the plagkere the
most severe contact conditions usually arises amerev
fatigue damage (pitting) occurs. First, it is alway
necessary to determine the normal force acting dwtw
the most loaded rolling element and functional flag.
On Fig. 10 there is shown a distribution of theiahtbad
for double row self-aligning ball bearing. Forcdiag in
the normal directionF,,.,, can be calculated for two-

row self-aligning ball bearing from (21) [1;-60].
F

F =——Fr 21
LT g, 2z [tosu 1)
where
Z — the number of rolling elements in one row,
J; radial integral (dimensionless coefficient).

Numerical values of the radial integrals are caltad
depending on the load bearing parametér that
expresses the relation (22) [L1®].

60

e=——2—
208, +V, 22)
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Fig. 10.Radial load distribution in the bearing [1].

where

9, — the total elastic displacement,
radial clearance of the bearing.

V, -

Radial clearanc#/, is determined by measuring after
bearing assembly. Overall elastic displacementhia t
radial direction can be calculated based on thewkno
empirical relationships. For double row self-aligmiball

J. Sedlak et al. / Proceedings in Manufacturingt@ws, Vol. 8, Iss. 4, 2013 / 2220

For the calculation it is also necessary to know th
geometry of the contact surfaces, surface strucinck
their mutual speed. Equally knowledge of the patarse
of the lubricant is important. Outside the dynamic
viscosity primarily knowledge of pressure coeffitief
viscosity or fictitious asymptotic iso viscous pege is
necessary [1,-6L0].

5. TESTING OF THE INFLUENCE OF
ADDITIVES IN LUBRICANTS

At AXMAT stations, see Fig. 11, experiments were
performed that were designed to test the effect of
additives in lubricants to contact fatigue and datee
the sensitivity of methods for monitoring the AE st
sample in the application of additives in the labrit. At
the same time the suitability of AE parameter was
verified on detection of pitting.

The subject of the test:

Flat AXMAT pattern mat. E295 (1.0050);
Grease: Mogul LV3;

Ingredient:  Methane F1.5.

bearings can use the following formula (23) [116].

5.

Type of test:
Tests were conducted on adjusted AXMAT stations

6980107 DFfzmaX

cosa d on conventional samples. Bearings were loadecd:athti
° (23) at a constant speed. During test the vibration,
where temperature and sensed acoustic emission were
monitored.
F 1 omax the biggest load of the rolling element,
d, — the diameter of the rolling element, $E2tlgza?meteggbo N:
a - contactangle. RPM: 1380 1/min;

Flexible displacement of single row ball bearingn ca

The test period — until a pitting.

be calculated from equation (24) [E18].

The value of the radial integral can be numerically
calculated according to equation (25) [£16].

J of |1 [{1 )Zm: [
. ZDTJ[ — cosw} osp [dy . (25)

Analogously, from equation (26) it is also possible
calculate the normal force acting between the mos
affected contact for single row the ball bearingg410].

For single row radial bearings can be used in act
simplified formula (27) designed by Stribeck, which
already includes the effect of normal radial cleam|[1,

6-10].

0

Tests process:
Intentionally sample of steel (E295) that with its
(24)  property is not suitable for machine nodes expadsed
0 contact loading was used.

. 4360107 Emax

cosa d

To record test contact lubricated with grease witho
additive, sustained increase in the emission events
expressed as the number of counts and RMS prosess i
shown, see Fig. 12. During the test phase the ictdss
focal damage was recorded, steady mode did not.occu

3

Fr

_— (26)
J, z[tosu

max —

=—. (27) . ,
2 Fig. 11. AXMAT station.
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Fig. 12.Test record without additives.
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Fig. 14.Signal intensity versus time.

The test record with the use of additive Metanovathe x axis and the test time [min] is at theaxis and the
F1.5 additive shows its positive effect, see FR).Atthe  degree of signal intensity [dB] shows the colorlesca
record a delay is noticeable, when there is no &ion  This particular record does not contain an initiell run.
of new emission events, the experiment is carrigdio  If we make cuts parallel to the time axis, we cat g
steady mode. during certain selected signal frequency (e.g. peak

versus time, the test procedure, see Fig. 15.
6. THE DEMONSTRATION OF ADVANCED
METHODS OF SIGNAL PROCESSING OF
ACOUSTIC EMISSIONS 7. CONCLUSION

Example of basic record at the Test analyzer IPL is Currently, knowledge as to the effect of additiees
shown in Fig. 14, where the signal frequency [kidzpn  the durability of rolling contact is at a a@Vely low
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0.001

0.0001

T T 1e-05
200 300
Frequency (kHz)

Fig. 15.Sample record of AE signal obtained by IPL analyzer

level. There is only a small number of works theald
with this problem. Achieved experimental resultéick
are results of various tests, are compared in ncasgs
only with difficulty. It is caused mainly by diffent test
conditions, a small number of experimental resuits,ge
of different test equipment, etc. With these cdods
then no exception is in completely different result
where in one case additives increase durability @nd

another case it is reduced. This can be caused by
different parameters of

different contact pressure,
lubrication A, or other chemical composition additives.

There may also be other reasons, for example,,slide[4]

water content in the lubricant, etc. Very few auwtho
point to the effect of additives in statisticaltieg.

Based on previous research, it can be concluddd tha

the additives in most cases reduce the durability o
rolling contact, if they are contained in minerdsoAt
synthetic oils, the effects can be quite opposierrent
knowledge of effects of additives would argue thesie-
conclusions:

Chemical characteristics of the lubricant and addi-
tives affect the course of the durability empiridéd-
tribution.

lubrication parameter A, sliding and lubricant tem-
perature.

Experiments to determine the influence of the chemi
cal composition of lubricants and additives shdagd
carried out under the same conditions, particulagy
operating conditions of the investigated case.slt i
also necessary to also take into account the infleie
of lubricant contamination and the possible presenc
of water in the lubricant.

From the above it is evident that effects of addgi
on the contact fatigue should be further examingube

, . : (7]
Effect of chemical composition of the lubricant and
additives depends on the maximum contact stress d@]

J. Sedlak et al. / Proceedings in Manufacturingt&@ys, Vol. 8, Iss. 4, 2013 / 2220

rimentally. It is also necessary to pay attentian t
tribological test conditions which must be stabled a
their description must be an integral part of the
experiment results.

The test demonstrated the ability of AE method to
distinguish differences in the behavior of the agnt
surfaces with the same load conditions, with only
incremental changes in this case, the application of
additives. Vibration sensor did not notice a chaingest
mode.
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