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Abstract: This paper aims to present a methodology of calculation of sustainability emerged from testing
a large number of bearings. This work presents a relationship to calculate bearings reliability, working
at low speeds and / or heavy loads.The relationship is based on the general formula, but seven of correc-
tion factors adapt it to specific conditions. Conclusions and practical solutions for maintaining un-
changed the calculated lifetime of the bearings are presented.
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1. INTRODUCTION e Practice has shown that scrapping of a significant
number of bearings is due to other causes thagufati
material as: inappropriate choice of the bearing, i
proper running, improper lubrication, penetratidn o
foreign bodies in the bearing, etc..

The appearance of voids on the functional surfaces
of the bearing is the main form of damage for tearb
ings withn > 10 rpm, well lubricated and sealed [5].

The running of rolling bodies causes variable aont
stresses in the superficial layers of the rings.

Signs of fatigue appear as cracks that increase ove
time. The penetration of oil with pressure produttes
separation of material particulate. Cracks occurthos
rolling paths of the inner ring at the majority bearings.

Determination of sustainability is the main toolop-
timizing the choice of bearings, not only becaakéhe
large number of bearings required by the marketatao
because of the critical role these components play
multiple applications, including safety.

In the center of all models for calculating the firegs
sustainability is contact fatigue, closely relatedthe
tension between running bodies and ways of thermpar

Bearings are subjected to external factors, leatbng
a dramatic decrease in their lifetime. The worbésed
on experimental applications in the field of kmigi ma-
chines and 15 years of experience in working with them.

This paper promotes sealed bearjngkich depend less S . ; .
on external factors as: environment, maintenante, e The voids increases the clearance in bearingiutistion

There are presented and motivated some solutions ty Worsening. To avoid this type of damage, bearimg

; . : Calculated at sustainability.
replacement open bearings with sealed bearings. Calculation relationships are determined based on a

2 CALCULATION OF SUSTAINABILITY _num_ber of experiment_al_deter_mi_natipns, becauseatper
ing times shows a statistical distribution.

According to 1SO 281: 1990, nominal sustainability ~ Based on the scattering curve of bearing durability
Ly is associated with a reliability percentagfe90, of @ from a lot tested at sustainability (Fig. 1) [#]finds that
group of apparently identical bearings, operatingler  a rate of 50 of the bearings exceed approximaiel f
the same conditions, quality of construction mateaind  times the basic durability and a rate of 10 abbdit
also operating under conventional conditions, ngitte  times, although all bearings are apparently idehtiand
number of revolutions made by rotating the ringluhe are loaded in the same conditions.
first signs of material fatigue.At constant speedatbility
can be measured in hours.

To take into account in calculating only by materia
fatigue of the active bearing surfaces, the foltayvcon-
ditions must be observed:

» Forces and speeds from the basis of bearing calcula
tion should correspond to actual operating conalitio

» Proper lubrication during the whole operation.

» If the bearing load is low, the output is no longee
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Because of the sustainability dispersal, can naldse to a contact pressure calculated in the centehefcon-
termined accurately whether a bearing touchesttbe-t tact patch of the most loaded raceway, with a vafue
retic lifetime, but only with a probability of 9@&lthough + 4200 MPa, for the other ball bearings,
this situation seems safe enough, for a machirtectha « 4000 MPa, for roller bearings.
tains 10 bearings, almost certainly a bearing matped This produces a permanent deformation on the race-
faster than the life for which he was elected. way and on the rolling elements, of approximately

This means you need stop the machine, move away @.0001 from the roller diameter, being purely rhthad
greater or lesser part of it and replace the waaribg,  for radial bearings, and purely axial load for &kiaar-
before a scheduled overhaul or capital repair. ings.

Theoretically, the overall relationship was obtaine P is the dynamic equivalent load, [N], respectively
by Lundberg and Palmgren which have extended Weiradial and axial load, acting simultaneously, ot dwaon
bull's theory to calculate the lifetime. The caftidn is  roller. It is calculated with formulas [3]:
based on the fundamental equation [2]:

P = F,, [kN] — for pure radial load, 3)
It = N°TSZal | (1) P = F,, [kN] - for pure axial load, 4)
S P = XFr + YFa [kN] — for the combined load, (5)
where: where:
S - the probability that failure will not occur; F; — component of radial load, [KN],
N - number of load cycles; F.— component of axial load, [KN].
To — Symmetric alternating shear efforts, which appéars CoefficientsX andY are given in tables.
the substrate of the contact surface to a depth of Sustainability of bearings that have oscillatory
[Pal]; movements, instead of rotation, from a central tpmsito
a — length of the major semiaxa of the contact edlips an angley, is given by the relationship [6]:
[mm]’ LlOOSE = (180 / 2"{) LlO,r (6)

| = running path length [mm];
¢, € h — numerical exponents, determined experimental-
ly.
After the substitution of the parameters charazitegi
the contact voltage, the load and geometry, in &gua
(1), it obtains the relationship of sustainabilityhich can
be expressed as [2 and 4]:

where:
Lioosc — sustainability, [million cycles],
y — amplitude of oscillation (angle from the certtethe
maximum), [degrees].
The very small angles of the oscillatory movements
do not count.
Dynamic loads and variable speeds. In many cases
C\P the operating speed and load size is variablec&lou-
L = [_j [mil. rev.], (2) late the equivalent dynamic load, it should be wheiteed
P an average radial lods},, or an average axial lod},,

. . thu
wherep is a constant that depends on bearing geometry

s:
. . 1) At tant d of the bearing, st th i
and materialp = 3 for ball bearings and = 10/3 for ) consiant spsec of fhe bearing, strengin sane

. : ) linearly between a minimum valuBy, amin, and a maxi-
roller bearings. qute that thhee /susta|nab|llt);tcbfadl bﬁar— mum value,Fry amx » keeping the direction for a certain
INg varies according tot P report after a t ree- period of time. Average strength is obtained frdme t
degree curve (Fig. 2§ — the basic dynamic load, [N]; is relationship:

the load for a bearing with a durability of one lroih

revolutions and is calculated in accordance with EB1. Frva = (Framn + 2 Framax )/ 3 [KN], @)
Depending on the basic dynamic load of the bearing,

time is calculated till the material fatigue, thHti®btains 2) If the radial load acting on a bearing is conggbs

the durability calculated. of a force,F;; , constant in size and direction (eg: weight

Basic static load is defined, according to 1ISO &, ©f a rotor) and a rotating force const&nt (eg: imbal-
the load acting on the stationary bearing andesponds ~ ance) average strength resulting from the relatipns

Frm=fn(F+ Fr2) [kN], (8)
Sustainability The coefficientf,, are obtained from Fig. 3 [6].

4 - fn 100 T

35 1 095 Po— I /

5 AU /
225 1 090 N1 7
S 0.85 AN /
— 15 : - .

D:_} ] 0.80 N B

D T T T T 1T 17 1T 1T T 17711 0.75 ‘ ‘l f\?" -

0 02040608 1 1214 0.70 L 1 11
C/P 0 02 04 06 08 10

— F/(F+Fy)

Fig. 2. Curve of sustainability according to tB&° report Fig. 3. Coefficientf, [6].
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Fig. 4. Angle 2y [6].

Table1

Coefficient fq [6]

0 Fo
v p=3 p=10/3
10 0.47 0.53
20 0.61 0.65
30 0.69 0.72
45 0.79 0.81
60 0.87 0.89
75 0.94 0.95
90 1.00 1.00

3) For radial load-r , applied to an oscillating mo-
tion, in the angle of 2 (Fig. 4 ) [6], the average radial
load is calculated with the formula:

Fmr = fo Fr [KN], )

with values of the coefficierfy in Table 1 [6], depending
on the oscillation angley and by the exponent of the
sustainability formulap.

For loads varying in time, the average dynamic load

is calculated with the formula [3 and 6]:

I:mr,a = [Z(Fi:ani)/ n]llp ’ (10)
where:
Fmra —average load, in the radial or axial direction TkN
Fira —constant load, applied during the rotationgkN];
n; —the number of rotations for corresponding tasks,
n=%xn;, [rpm].

The basic dynamic load for a bearings group. For
two or more identical bearings, the basic dynaroad|
for a set of bearings is given by the relationship [6]:

Cr =i%’ C,;, [kN] for bearings with point contact;

(11)
Cr =i"™C,;, [kN] for bearings with linear contact.

(12)

This relationship has been accepted by ISO, but it

was complemented by introducing correction factors.

2.1. Bearingsthat works at high speeds

These refers to speeds> 3.5m/s when is reaching
some important temperatures. The relationship js2[1
and 6]:

p
L, =aa,8, ft[%j =aa,a,f L, [mil rev] (13)

where:
a, —factor of reliability;
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Table 2
Factor f, [6]
Operating temperaturgC] 150 | 200| 250| 300
f; 1 0.73| 0.42| 0.22
Table3
Factor ay; [6]
v/ 01| 02| 05| 1 15 2 3 4 L
a3 | 045| 055 0.7 14 13 16 2 25%‘

a, —factor of material;

a; — factor that is function of operating conditionsdan
for lubrification quality;

f, —correction factor, depending on the operating tampe

ature (Table 2) [6].

The interdependence of the correction factors léads
their unification into a single factorys, whose value is
given in Table 3 [6] and that depends on the rate
tween:

« kinematic viscosity of the oil at 40C v, (in ¢St or
mnt/s),

e necessary viscosity to correct lubrication:depend-
ing on operating temperature.

2.2. Bearingsthat operatesat low speed and at high
contact stress

These refers to speetis< 3.5m/sandC / P < 0.6.

Formula for sustainability is [2]:

o
Ly = alazagavaracaa[%j [mil. rev.]. (14)

In this relationship we have:

a, — reliability is 1.0 for 90 percent, which is a tgpl
level of reliability in use. If reliability is lesthan 90
percent, sustainability will be noted witly, (Table 4
[2]). Indexp is 100 minus reliability value, expressed
in percentages:

Note that to achieve high reliability of operation,
without failure, of the entire lot (reliability 9percent),
the factora; and thereforel; will drop dramatically,
almost 5 times.

a, — correction factor, used for bearings built fropes
cial materials.For standard materials has a vajuale
to unity; for the steels that are produced in vacuu
has the value 3.0.

as— the modified factor of lubrication. This factoranti-

fy the effectiveness of the lubricant film betwebe

surfaces in contact through thefactor (Fig. 5)[2],

namely the ratio between the lubricant film thickse

h , and the equivalent roughness of the surfaces .

This roughness is defined by the relation:

Table4
Values of a;[2]
Reliability, % L, a
90 LlO 1
95 Ls 0.62
96 Ly 0.53
97 L, 0.44
98 L, 0.33
99 Ly 0.21
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Fig. 6. Variation of thea; modified factor [2].

Ruww = VRL+ R, MM,

(15)
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There are some arguments that pleads for this cofi-
gurative of the proposed speed factor.

The most important argument relates that the seel
bearings has a better fatigue resistance for the lo
speeds. On the other hand, for such charge cycies,
terial behaves less brittle, which influences thi&iation
of cracks.

a, - roughness factor. Since the proposed method has
been developed based on data from experiments con-
ducted in the laboratory, where conditions diffeonfi
actual operational situations, a factor was intoedi)
which takes into account the roughness of two sagan
relative motion.

It is calculated with:

a=(1.043 ... 1L.17R,, (16)
whereR, [ um ], is the value for the surface roughness,
expressed as the mean square deviation.

Deviation from coaxialitate, when is combined with
strong loads, may lead to the extra charge of dlieng
elements. This situation creates concentratorernion,
leading to premature failure,by spalling. Factoapplied
only when the values of the contact surfaces diffaerb-
stantially as roughness.When surfaces are compgaimabl
terms of the roughness, this factor is equal to 1.0

a. — contamination factor of the lubricant. Re-
search has been directed to specific operatingittonsl
for certain types of bearings and for certain opega
conditions [12]. Therefore it is difficult to prore a
single equation which fully express the influendethe
lubricant contamination on the sustainability. Hoee

whereRy and R,, are the mean square deviation of the links were established between the level of contami

values for the roughness of two surfaces in contact

If the bearing operates at low speedsfactor is
usually less than 1.0 and often less than 0.5, lwbar-
responds to the correction factas,= 0.3.

tion and thea, value(Table 5)[1]:

a,— factor for deviation from coaxialitate. Values
of this factor are presented in Table 6 [1].

p - modified exponent of the load. After some

Further researches shown the need to reduce tae sizests, it was found that the relationship betwéentésted

of a; factor for very small values of. Figure 6 [2]

sustainability and calculated sustainability, irses

presents the variation of tleg modified factor, proposed with contact pressure [1].

for values ofx lower than 0.6.

a, speed factor. After using the modified load expo-

nent in the equation for calculating the sustailitgtbi
note that report between real sustainability ardutated
sustainability, tends to 1; however, for low spéed5 -
1.7 m/s), real sustainability is about-2 times higher
than calculated sustainability. This led to thepmsal
for a speed factor, whose change depends by tleel sge
the inner ring (Fig. 7) [2].

5.0
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Innerring speed, [m/s]

Fig. 7. Variation of speed factor [2].

Table5
Values of the contamination factor [1]
Level of contamination Values of
a. factor
Very small (fine filter) 1
Low (coarse filter) 0.9
Moderate (without filtering, particles in
small proportion) 0.8
High (without filtering, particles in
moderate proportion) 0.7
Very high (without filtering, particles in
large proportion) 0.5
Table 6
Deviation a, factor [1]
Level of necoaxialitate a,
Very low (<0.001 mm/mm) 1
Reduced (0.001 ... 0.0019 mm/mm) 0.85
Moderate (0.002 ... 0034 mm/mm) 0.7
High  (0.0035... 005 mm/mm) 0.6
Very High (> 0.005 mm/mm) 0.5
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Fig. 8. Variation of the modified exponerg, [2].

These results suggest an exponent of the load¢chwhi
tends to reduce the calculated value of the suatdity,
with a smaller percentage, when the load increases.

This can be explained by the fact that when thd loa
applied to the bearing exceeds substantially tipadty
of dynamic load, th€ / P report becomes much smaller
than 1 and its raising to the 10 / 3 power leadsey
low values, which diminishes artificially the calated
value of sustainability.

Exponent 10 / 3 was designed for the situation that
actual load is close to the real capacity of tharing.

Figure 8 [2] presents the curve of gleexponent, ac- Fig. 10. Lint and puff of cotton.
cording to theC / P report.

A very high percentage, up to 36, of premature wear

of the bearings, is due to an inadequate lubringfivap- ‘
propriate use of the lubricant, insufficient or essive '

lubrication). ,'-

Sealed bearings and anointed "for life" are foumd i
industry in a relatively small proportion, compansith
the bearings in open construction; so at leasteréemt
of the premature wear are due to the bearing cangam
tion.

At S.C. Emadi Prod SRL, where | worked between
1994-2009, operating conditions of the machinery for
knitting socks were : speeds from-@D0 rpm, medium
loads (engine power: 0-4 kW), dusty environment,
temperature above %@, average level of vibration ,
daily operating time:16 hours.

Here, the open bearings had a life between 5 and 7
years(21 00630 000 hours), close to the calculated life-
time. Instead, where | used sealed bearings, ¢ ma¢
changed any bearing in 9 years!

Fig. 11. Metal particles.

The explanation is that the nominal sustainabitity Fig. 12. Used oil.
bearing was not influenced by corrosion, or imprope
lubrication (insufficient or excessive), or contaation A motor reducer gave signs that needing repairs. Th
due to the improper sealing. signs were: the increase of noise and of heat.

On the other hand, oiling activity was eliminatdd; The reducer has two gears and ball beariAgsint-

bricant was saved, and the entire bearing wasdteah.  ing is made with oil bath. The reducer is separétech
Therefore, | strongly recommend the use of seaéai-b  the electric motor (Fig. 9).

ings where are couplings with not very hard copdii of The oil had to be replaced, and bearings, too. Note
work. that the main factor for the wear of oil are tharge and
In the following | will present my proposed solutio the main factor for the contamination of oil is thevi-
to maintain the life of bearings. ronment with dust, with cotton puff (Fig. 10), welk
The knitting machines, 2C Special (are produced inmetal particles (Fig. 11). Figure 12 shows degredlail.
Czech Republic), are driven by a motor reducer with Considering that the life of the bearings was mineh

speeds; engine speeds are 1 400 and 700 rpm, g§nat ou fluenced by the contaminated oil, we decided to use
speeds from the gearbox: 140 and 70 rpm. sealed bearings and thus to isolate them by tHeatfil.
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We know that sealed bearings have higher fricionREFERENCES

losses than non-sealed bearings. However, aftepwe
the engine in operatiome observed no notable increases
of temperature.

(1]

(2]

3. CONCLUSIONS

The calculation of the bearing durability startsnfr  [3]
the contact pressure, that is closely related ¢osthte of
stress of the bodies and the ways of running. [4]

These tensions lead to the appearance of the eurfa<f5]
cracks, that increases over time.

One cannot determine exactly if a bearing touches t
calculated life, only with a probability of 90 peru.

This percentage does not give us a full safety abou
the achievement by any bearing of the calculattd li
time; a bearing from the ten will not meet this uieg-
ment.

Therefore, if we need increased safety, will b&egit
oversized the bearings, or will carry out a rigereelec-
tion by subjecting the bearings to some furthetirigs

For the ideal operating conditions, bearings careha
a virtually unlimited sustainability.

In practice, the life of bearings is strongly afést by
the certain factors, most important being: inadégua
lubrication, overloading, contamination, impropestal-
lation.

The bearings have the advantage that
when they are at the end of their life. The maimpy
toms are the unusual noise and vibration. They lman
observed directly, or through various methods gruha
ratus for testing.

The sealed bearings have obtained a better lifle tha
open bearings, because of the significant dimimutb
the factors influence that reduce their durability.

The using these bearings leads to the simplificatio
the design, the construction and the maintenanceaef
chinery and so, to the reducing of the costs.

The lubrication in common of the machine parts $ead
to their mutual contamination.

Therefore, | believe the anointing in individual dno
is better than the collective lubrication, espdgidl the
differences of cost are insignificant.
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