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The external loading on a rolling element bearing is often not of pure static nature but has a dynamic component
associated with it. In the present study, the analysis of vibration response of rolling element bearing with localized
defect on its rolling element subjected to external dynamic loading has been carried out. The dynamic component
of external loading considered is either harmonic or random in nature. The defect-induced vibration signals have
been processed with the FFT of their enveloped signal obtained from the Hilbert transform of band-passed signal
around the resonant frequency band. Numerical results have been obtained for the NJ 204 bearing for different
amplitude contributions of dynamic components of external load. For harmonic loading, the vibration spectra show
additional spectral components through loading frequency as sidebands about each significant spectral components
result due to static load. The experimental investigation confirms the presence of these additional components in
the spectra. In the case of random loading, the noise level tends to rise with an increase in the value of standard
deviation. The rise in noise level becomes so significant that some spectral components are masked by the noise
for higher values of standard deviation.

NOMENCLATURE

A Amplitude of harmonic loading due to un-
balanced mass

[A] State matrix
[B] Input matrix
bdef Defect width
[C] Output matrix
C0 Dimensionless damping coefficient of fluid

film
c Damping coefficient of element
D Bearing pitch diameter
[D] Direct transmission matrix
d Diameter of roller
E Modulus of elasticity
E′ Effective modulus of elasticity
Fr External radial loading on bearing
f Linear frequency
hf Minimum film thickness
I Moment of inertia of cross section of race
K Load-deformation constant
Kimp Impact factor
K0 Dimensionless stiffness coefficient of fluid

film
k Stiffness of element
L Length of roller
m Mass of element
n nth revolution
pd Diametral clearance of bearing
Pmax(t) Maximum internal load on roller defect
Pψ(t, Fr(t)) Internal load distribution on roller defect
R Radius of neutral axis
Rx,race Effective radius of roller and race contact in

the direction of motion

t Instantaneous time
u Mean surface velocity relative to lubricated

conjunctions in the direction of motion
u(t) Input excitations
ur(t) Defect induced excitation on roller
W External static loading
x Displacement of mass at any time
y State variable
Z Number of rolling elements
β Race groove radius
ψl(t) Instantaneous extent of load zone
ε(t) Instantaneous load distribution factor
εo Eccentricity ratio
ω Angular frequency
ωn Natural frequency
ηo Lubricant viscosity at bearing operating

temperature at atmospheric pressure
ξ Lubricant viscosity pressure coefficient
λk A constant

Subscripts:
c Cage
s Shaft
f Lubricating fluid
if Lubricant fluid for the conjunction of inner

race and roller
ir Inner race
of Lubricant fluid for the conjunction of outer

race and roller
or Outer race
r Roller
rd Roller defect

Superscripts:
T Transpose
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Special symbols:
˙ First derivative
¨ Second derivative
{ } A vector

1. INTRODUCTION

Rolling element bearings are critical components of rotat-
ing machinery. It is therefore extremely important to detect
the presence of defects in bearing elements because such de-
fects cause the machinery to malfunction and may even lead
to its catastrophic failure. Bearing elements are subjected to
Hertzian stresses and are thus susceptible to fatigue failure.
Micro-cracks are initially generated at the subsurface level and
are propagated to the surface resulting in pits and spalls.

Vibration analysis has been used for bearing defect detection
for the last four decades. Initial studies involved time domain
analyses using peak value, r.m.s. value, and crest factor, as well
as some statistical parameters such as probability density and
kurtosis. Among these, kurtosis was found to be most effective
for bearing defect detection.1 Early studies in frequency anal-
ysis involved identification of components at characteristic de-
fect frequencies at which short-duration pulses were generated
when a defect in one of the bearing elements strikes the mat-
ing surface.2 The expressions for these frequencies are listed
in Table 1.1 Background noise due to macro-structure was a
deterrent to defect detection from direct spectra. Many tech-
niques were therefore applied to improve signal-to-noise ratio.
The envelope detection method found the widest application
among them. Resonances generated due to interaction of de-
fects and mating elements are band-pass filtered, rectified, and
subsequently low-pass filtered to identify the presence of char-
acteristic defect frequencies to correlate them to the location of
the defect.3 However, for non-stationary signals, this technique
was found to be inadequate.4, 5 Some time-frequency domain
methodologies were, therefore, applied for bearing defect de-
tection. Wavelet analysis has been found to be most effective
among them.6, 7

For all the methods discussed so far, the load on the bear-
ing was considered to be static in nature. However, rotating
machinery is often subjected to dynamic loading. Kiral and
Karagulle applied a finite element analysis-based model for de-
tection of defects in bearings subjected to unbalanced loads.8

A multi-degree-of-freedom model was also proposed for bear-
ings subjected to shock loading due to interaction of defect
with the mating element.9 In this theoretical model, the effect
of harmonic loading was also separately considered. Cong et
al. proposed a model in which the bearing was subjected to
a combination of static and harmonic loads for race defects.10

Authors made an investigation into the vibration response from
bearings with defects on outer and inner races subjected to dy-
namic loading of harmonic and random nature.11

In the present work, a theoretical model has been proposed
to obtain the vibration response of a bearing with a defect on
one of the rolling elements. The load acting on the bearing
has been considered to be a combination of static and dynamic
loads. The dynamic component of the load may be either har-

Table 1. Characteristic defect frequencies for a rolling element bearing.

Characteristic frequency Expression
Cage frequency, fc (fs/2)[1− (d/D) cosβ]

Outer race defect frequency, fod (Zfs/2)[1− (d/D) cosβ]
Inner race defect frequency, fid (Zfs/2)[1 + (d/D) cosβ]

Rolling element defect frequency, frd (Dfs/d)[1− (d/D)2 cosβ]

monic or random in nature. Based on the proposed model, nu-
merical results have been obtained and analysed. The theoreti-
cal results obtained for harmonic loading have been validated.

2. NUMERICAL MODEL FOR VIBRATION
RESPONSE

The numerical model presented in this section includes ex-
citations caused by roller defect, dynamic model of the bearing
system, and identification of vibratory system parameters and
their dynamics to obtain a vibration response of the system.
The procedure of signal processing to obtain the amplitude of
the demodulated envelope spectra has also been discussed in
this section.

2.1. Excitations Due to Roller Defect
The strength of defect-induced excitations felt by bearing

elements depends significantly on the bearing kinematic and
dynamic parameters such as maximum normal approach be-
tween races along load line δmax, extent of symmetrical load
zone about load line ±ψl, load distribution factor ε, and maxi-
mum contact load along load line Pmax. These parameters can
be viewed in Fig. 1.

The expressions for these parameters developed by Harris
for the bearing under static loading have been suitably modi-
fied by the authors to ascertain the variations in these param-
eters under dynamic loading.12, 14 From the numerical inves-
tigation, it was observed that all these parameters vary con-
tinuously with respect to time under dynamic loading but re-
main constant with respect to time in the case of static loading.
The detailed investigations of these parameters under different
kinds of loading have been carried out and presented in time
and frequency domain.12

Sassi et al. suggested that the impulsive excitation produced
by interaction of defect with the mating element would com-
prise two components: the load over the defect at the point
of interaction in the load zone and the shock pulses generated
due to the impact of the edges of the defect with the mating
element.9 In order to determine the load over the defect in
the load zone, the existence of non-stationary defect in the
load zone can be found by comparing the values of instanta-
neous angular position of defect, ωct with that of load zones,
2(nc−1)π+ψl and 2ncπ−ψl for downward sense of loading
when defect is executing its first and second half of each nth

revolution, nc respectively, as shown in Fig. 1(a).
Whereas for upward sense of loading, the ωct has been com-

pared with (2nc − 1)π − ψl and 2(nc − 1)π + ψl for first and
second half of each nth revolution, nc respectively, as shown
in Fig. 1(b). Therefore, the instances t at which non-stationary
defect appears in the load zone, which is the function of mag-
nitude and direction of load on bearing as shown in Fig. 1, has
been estimated with the help of the following expressions when
defect is executing the first and second half of the revolutions,
respectively, for different senses of load.

For downward sense of load:

ωct ≤ 2(nc − 1)π + ψl(t)
2ncπ − ψl(t) ≤ (ωct) ≤ 2ncπ

}
; (1a)

for upward sense of load:

(2nc − 1)π − ψl(t) ≤ (ωct) ≤ (2nc − 1)π
ωct ≤ (2nc − 1)π + ψl(t)

}
; (1b)
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Figure 1. Geometrical locations of bearing kinematic and dynamic parameters: (a) downward sense of radial loading and (b) upward sense of radial loading.

where ±ψl(t) is the instantaneous extent of load zone.
The expression given by Harris to obtain load at the position

of defect in a load zone for the case of static loading follow-
ing Hertzian contact stress theory has been modified suitably
to take the dynamic loading into account.13, 14 The modified
mathematical model to determine the load at the position of
defect, Pψ with respect to the load line is a function of instan-
taneous external dynamic load and can be expressed as

Pψ(Fr, t) =


Pmax(Fr, t)

[
1− 1

2ε(Fr,t)
(1− cosψ)

]n
for − ψl(t) < (ψ) < ψl(t);

0 elsewhere.
(2)

In the above equation, ψ depends on the location of defect and
maximum contact load along the load line. Pmax(Fr, t) can be
expressed as14

Pmax(Fr, t) = Kδnmax(t); (2a)

where K is the load-deformation constant, for a steel roller
bearing and ball bearing, K can be expressed respectively
as14–16

K = 3.46× 104L8/9 (N/mm1.11); (2b)

K =
34 300

κ0.35
d0.5 (N/mm3/2); (2c)

where κ = βor+βir−d
d .

In the current study, because of the dynamic nature of the
applied load, the load on defect at any angle is not constant
with respect to time. Taking the varying nature of the load
into account, the expression for excitation, ur as developed by
Sassi et al. for ball bearing has been modified for cylindrical
roller bearing as given in Eq. (3)9

ur(Fr, t) = Pψ(Fr, t)

[
1 +Kimp

(
bdef
d

)2
]
; (3)

where bdef and d are width of defect and diameter of the roller,
respectively.

The excitations are generated at their respective characteris-
tic defect frequencies, frd shown in Table 1 when the defect

comes in contact with its mating part in the load zone. The
comprehensive numerical analysis of the modified mathemati-
cal model to estimate defect excitations generated in cylindri-
cal roller bearing has been carried out in both time and fre-
quency domains.13 In this analysis, the spectra of excitations
are obtained for different amplitude ratios of static and dy-
namic parts of external load. The changes in spectra have been
analysed for race and roller defects.

2.2. Dynamic Model of Bearing System and
System Parameters

A 3 DOF vibratory model in the direction of maximum dis-
placement proposed by Sassi et. al is considered in this work
to determine the response of the dynamic system. The model
has been presented in Fig. 2. The simplified model does not
consider the effects of shaft, housing, and other supporting
structures and focuses only on the flexural vibration of races.9

Flexure vibration of races has been considered in order to de-
termine its stiffness. The natural frequency for the jth mode
of flexural vibration of the races, ωn can be obtained from the
expression17

ωn =
j(j2 − 1)√

1 + j2

√
EI

ρR4
. (4)

The stiffness of races, krace can be expressed as

krace = mraceω
2
n. (5)

In this work kor and kir have been obtained considering the
elliptical mode of the races only to restrict the model to discrete
one, i.e., j = 2.

The stiffness and damping coefficients of the fluid film are
given, respectively, and are modified to take the dynamic load-
ing into account and can be expressed as18, 19

kf =
2K0Fr(t)

pd
; (6)

cf =
2C0Fr(t)

ωpd
; (7)

were pd and ω are the diametral clearance and speed of bear-
ing, respectively. K0 and C0 are, respectively, the dimension-
less stiffness and damping coefficient of fluid film and can be
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Figure 2. Equivalent vibratory model of bearing system.

written as18, 19

K0 =
4

Fr(t)λ2k

[
ε0

1− ε0
sin2φ0 +

3πε20

4 (1− ε20)
5/2

sinφ0 cosφ0 +
2ε0
(
1 + ε20

)
(1− ε20)

3 cos2φ0

]
; (8)

C0 =
4

Fr(t)λ2k

[
π

2 (1− ε20)
3/2

sin2φ0 +

4ε0

(1− ε20)
2 sinφ0 cosφ0 +

π
(
1 + 2ε20

)
2 (1− ε20)

5/2
cos2φ0

]
; (9)

4

Fr(t)λ2k
=

(1− ε0)2

ε0[16ε0 + π2(1− ε20)]
1/2

cos2 φ0; (9a)

tanφ0 =
π
√
1− ε20
4ε0

; (9b)

ε0 = 1− hf
pd
. (9c)

The fluid thickness, hf has been computed using the following
expression developed based on EHD theory20

hf = 3.63

(
η0u

E′Rx,race

)0.68

(ξE′)
0.49

(
pmax(t)

E′R2
x,race

)−0.073
(
1− e−0.68k

)
Rx,race; (9d)

where k is the ellipticity parameter equal to infinity in case of
line contact bearings. kof and kif can be obtained from Eq. (6)
and cof and cif can be obtained from Eq. (7) by substituting
the values of K0 and C0 with appropriate values of parameters
for the fluid films concerned.

2.3. Dynamics of Vibratory Model
The equation of motion of each mass of the vibratory model

of the bearing system shown in Fig. 3 can be derived by equat-
ing the resultant unbalanced force, due to stiffness, damping,
and defect-induced excitation on each mass to its inertia force,
mẍ. The set of forces under which each mass subjected to vi-
brations has been obtained from its free body diagram. The
free body diagrams of outer race, rolling element, and inner
race are shown in Fig. 3.

Therefore, the equation of motion of outer race, rolling el-
ement, and inner race, respectively, for the assumed positive
displacement as shown in Fig. 3, x(t) can be written as

− korxor + kof (xr − xor) + cof (ẋr − ẋor) = morẍor;

− kof (xr − xor)− cof (ẋr − ẋor) + kif (xir − xr) +
cif (ẋir − ẋr) + ur(t) = mrẍr;

− kif (xir − xr)− cif (ẋir − ẋr)− kirxir = mirẍir. (10)

Equation (10a) is the set of second order and coupled differ-
ential equations representing the dynamics of vibration which
are obtained by arranging Eq. (10) in a systematic manner:

morẍor + cof ẋor − cof ẋr + (kor + kof )xor − kof xr = 0;

mrẍr + cof ẋor + (cof + cif )ẋr + cif ẋir − kof xor +
(kof + kif )xr − kif xir = ur(Fr, t);

mirẍir − cif ẋr + cif ẋir − kif xr + (kif + kir)xir = 0.
(10a)

The response of the system will be obtained through the so-
lution of differential equations of motion. The state space ap-
proach has been followed to solve the set of equations given
by Eq. (10) because of its adaptability which provides scope to
study single or multiple outputs against single and multiple in-
puts. With the help of this approach, the nth order differential
equation can be written as first-order vector-matrix differen-
tial equations which are easily amenable to a solution using a
digital computer.

Knowledge of a set of variables at initial time together with
input excitations at or after initial time constitute the state vari-
able vector, {y(t)} and the input vector, {u(t)} respectively,
as expressed in Eqs. (11) and (12):

{y(t)} =
{
y1 y2 y3 y4 y5 y6

}T
; (11)

where y1 = xor, y2 = ẋor, y3 = xr, y4 = ẋr, y5 = xir, and
y6 = ẋir;

{u(t)} =
{
0 ur(t) 0

}T
. (12)

The state-space and output equations for the system under con-
sideration can be expressed in terms of state and input excita-
tion vector as:

{ẏ(t)} = [A]{y(t)}+ [B]{u(t)}; (13a)

and

{x(t)} = [C]{y(t)}+ [D]{u(t)}; (13b)

where

{x(t)} =
{
xor xr xir

}T
. (13c)

Analysing the set of differential equations, Eq. (10), to express
in terms of state variables, the following expressions for the
elements of {ẏ(t)} may be obtained

ẏ1 = y2; (14)
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Figure 3. Free body diagram of mass of vibratory model: (a) outer race, (b) rolling element, and (c) inner race.

ẏ2 = ẍor = −
cof y2
mor

+
cof y4
mor

− (kor + kof )y1
mor

+
kof y3
mor

;

(14a)

ẏ3 = y4; (14b)

ẏ4 = ẍr =
ur
mr

+
cof y2
mr

− (cof + cif )y4
mr

+
cif y6
mr

+

kof y1
mr

− (kof + kif )y3
mr

+
kif y5
mr

; (14c)

ẏ5 = y6; (14d)

ẏ6 = ẍir =
cif y4
mir

− cif y6
mir

+
kif y3
mir

− (kif + kir)y5
mir

. (14e)

The matrices [A], [B], [C], and [D] can be obtained by rear-
ranging the Eqs. (14)–(14e) in the form of Eqs. (13a) and (13b)
and may be expressed as follows:

[A] =

0 1 0 0 0 0

−kor+kofmor
− cof
mor

kof
mor

cof
mor

0 0

0 0 0 1 0 0
kof
mr

cof
mr

−kof +kifmr
− cof +cifmr

kif
mr

cif
mr

0 0 0 0 0 1

0 0
kif
mir

cif
mir

−kif +kirmir
− cif
mir


;

(15a)

[B] =


0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

 ; (15b)

[C] =
[
1 0 0 0 0 0

]
; (15c)

and [D] is a null matrix.

2.4. Simulation and Fault Diagnosis
In the current study, the velocity response of outer race has

been further processed to obtain bearing fault diagnostic infor-
mation. It is not easy to detect smaller diagnostic frequencies
by conventional spectral analysis in the presence of greater res-
onant frequencies of the vibratory system and noise from other
sources. It is usual to consider the resonance as being am-
plitude modulated at characteristic defect frequency. The de-
fect diagnostic information, therefore, will be in the frequency
band around the system resonant frequency, so the response
signal is band pass filtered in the high frequency band around
the system resonant frequency. The filtered signal in time
domain is then amplitude demodulated to form the envelope.

Table 2. Geometry of NJ 204 bearing.

Bore : 20 mm Diametral clearance : 50 µm
Width : 14 mm Contact angle : 0◦
Pitch diameter : 34 mm Diameter of each roller : 7.5 mm
Outside diameter : 47 mm No. of rollers : 11
Length of each roller : 9 mm Mass of outer race : 0.05715 kg
Mass of roller : 0.00315 kg Mass of inner race : 0.027 kg

Hilbert Transform is applied to obtain the envelope of the sig-
nal whose spectrum contains the desired diagnostic informa-
tion in terms of repetition of characteristic defect frequency as
well as modulation by appropriate frequency.

3. NUMERICAL COMPUTATION AND
DISCUSSION OF RESULTS

The mathematical formulations discussed in earlier sections
and numerical procedure explained in Fig. 4 are applied to an
NJ 204 cylindrical roller bearing whose geometrical parame-
ters are specified in Table 2 with 500 µm roller defect width
to obtain numerical results for different types of dynamic load-
ing. The bearing is assumed to be rotating at a shaft speed of
1000 rpm. At this speed the values of cage, shaft, and roller
defect frequencies are 6.49 Hz, 16.67 Hz, and 71.88 Hz, re-
spectively. The load considered in the present work has been
assumed to have a static component of 1000 N along with a
variable component of harmonic or random nature. The har-
monic and random loading have been varied to investigate the
effects of dynamic loading on the resultant spectra and the find-
ings have been discussed in detail in the following subsections.

3.1. External Harmonic Loading
The external dynamic load on bearing has been considered

to be a combination of static load, W and harmonic load of
amplitude, A. The harmonic load has been assumed to be
due to unbalance of shaft and is thus associated with the shaft
frequency, fs. The external radial load, therefore, can be ex-
pressed as follows:

Fr =W +A cos(2πfst). (16)

The different bearing dynamic parameters, viz., internal
load distribution over the defect and load zone which in turn
depend on various bearing kinematic parameters, viz., max.
contact deflection along load line and load distribution factor
has been considered as time varying in the present study. In-
stantaneous variations in these parameters have been depicted
in Fig. 5 for a bearing running at 1000 rpm and subjected to
a load having a static component of W = 1000 N and a har-
monic component of amplitude A = 500 N. It can be observed
that all these parameters will continuously change with time
for the given load condition. For static load, all these parame-
ters remain constant with respect to time.11

The non-periodic load distribution and excitations are calcu-
lated and input to the state space model in order to determine
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Figure 4. Flow chart of numerical procedure.

response of outer race, xor of the bearing due to roller defect.
The response is shown in Fig. 6(a). From the Fig. 6(b) the res-
onant frequency of the vibratory system can be found to be at
37.37 kHz. The time domain signal, therefore, has been fil-
tered through a frequency band of 35 to 40 kHz and the band
pass filtered signal is then demodulated using Hilbert trans-
form as shown in Figs. 6(c) and 6(d).

Figure 5. Kinematic and dynamic parameters of bearing for external harmonic
load at 1000 rpm, W = 1000 N and A = 500 N.

Frequency spectra of the demodulated signals have been ob-
tained to identify the important frequency components. Fre-
quency spectra for bearings with 500 µm defect on the roller
and running at 1000 rpm under a load of W = 1000 N and
A = 0; 0.5W (500 N); W (1000 N); and 2W (2000 N) are
shown in Figs. 7(a) to 7(d). The representations of symbols in
these figures are as follows.

For a bearing with static radial load and no harmonic load,
the spectrum has significant harmonic coefficients only at the
roller defect frequency and its harmonics, nfrd with side-
bands through integer harmonics of cage frequencies, ±mfc
(Fig. 7(a)). This is because the magnitude variation and peri-
odicity of load distribution, Pψ will be uniform while the ex-
tent and location of load zone,±ψl remain constant in the case
of static loading. The results coincide with the theoretical and
experimental observations made by earlier researchers.15, 21

However, with the introduction of harmonic load, the spec-
tra show additional harmonic coefficients or sidebands at ±fs
about (nfrd ±mfc) as shown in Figs. 7(b) to 7(d). The new
sidebands may be due to the modulation of load zone by load-
ing frequency, fs. It is also observed from these figures that the
amplitudes of the additional sidebands significantly increase
with an increase in the value of A. The rise in amplitudes of
the additional sidebands relative to nfrd and (nfrd ± mfc)
are considerable when amplitude of the dynamic component
of external load is higher than that of its static component.

3.2. External Random Loading
The external dynamic load on bearing has been considered

to be a combination of static load, W and random load, R(t)
with known values of mean µ and standard deviation σ. The
external dynamic load can thus be expressed as

Fr(t) =W +R(t). (17)

The variations in bearing kinematic and dynamic parame-
ters presented in Fig. 8 for an external dynamic load with a
static component of 1000 N and random component with µ
and σ equal to 0 and 1000 N, respectively. It is clear that all
these parameters have random variations with respect to time
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(a)

(b)

(c)

(d)

Figure 6. (a) Response signal, (b) spectrum of response signal, (c) spectrum
of band pased signal, and (d) envelope of band passed signal.

unlike that of static loading. From Fig. 8 the variations shown
at, above, and below the origin represent the variations at the
bottom and top of the bearing symmetrical to load line. The
response signal processing procedure similar to that for har-
monic loading has been applied with an objective to identify
defect diagnosis frequencies.

Frequency spectra for a bearing with a 500 micron defect on
the roller under a load with static componentW = 1000 N and
random component with mean µ = 0 and different values of
standard deviation σ are shown in Figs. 9(a) to 9(d). Since a

static component of load has been considered, the mean of the
random component has been considered to be zero. The values
of standard deviation have been varied to assess the effect of
dispersion of random loading.

The significant harmonic coefficients can be observed at har-
monics of frd with side bands at integer multiples of fc from
Figs. 9(a) to 9(d). Such spectra are clearly indicative of exis-
tence of roller defect. The random noise can also be observed
with the random loading, and its level is quite low for low val-
ues of standard deviation, as in Figs. 9(a) and 9(b), and con-
siderably high for higher values of standard deviation, as in
Figs. 9(c) and 9(d). Significant rise in noise level relative to
that of harmonic coefficients can be observed for higher val-
ues of standard deviation so that quite a few spectral compo-
nents have also been masked under the noise level as shown in
Figs. 9(c) and 9(d).

4. EXPERIMENTAL VALIDATION

In this study, experiments have been conducted to obtain the
vibration response of a bearing with a defect on a roller when
the bearing is subjected to dynamic load. The test rig used for
this purpose is shown in Fig. 10(a). Figure 10(b) shows the de-
fective bearing with line defect on rolling element. The test rig
consists of a rigid base frame (1) fabricated from steel chan-
nel sections. The frame is grounded to a reinforced concrete
and cement foundation (12) by means of foundation bolts. A 3
phase, 3 H.P. foot mounting, ABB make AC motor (4) is bolted
to the frame. There is a stepped shaft (6) supported on two deep
groove ball bearings (7) of SKF make with 6009 designation.
These bearings are located in Plummer block housings which
are mounted on the frame by means of lock nuts and washers.
The shaft which has been extended beyond the right support
bearing is having different step diameters ranging from 25 mm
to 45 mm at steps of 5 mm so that the test bearings (8) of dif-
ferent diameters can be mounted on them for experimentation.
The motor shaft and stepped shaft are connected by a flexible
coupling (5) to minimize the driving component vibration. The
speed of motor has been regulated in the range of 0 to 2975 rpm
by the variac (3), an auto transformer. The variac used is a 3
phase portable type desktop model suitable for operation from
a nominal input voltage of 415 V, 3 phase AC and gives an out-
put of 0 to 470 V. The static and dynamic loading arrangements
have been made in the test rig. The static loading arrangement
on the bearing is done by connecting a mild steel platform (9)
of 30 cm× 35 cm× 0.05 cm to the pedestal of test bearing (8)
so that loads can be placed on the platform to load the bear-
ing statically. A disc with an unbalanced mass (10) is attached
to the shaft to subject the bearing to dynamic loading. A VIB
6.142 DEX accelerometer with magnetic holder (11) is placed
above the test bearing to capture the vibration of bearing in the
vertical direction. The vibration velocity response of defective
bearing has been captured with the help of VIB 6.142 DEX ac-
celerometer and VIBXpert, a data signal analyser. The VIBX-
pert is a device that collects the response of a vibrating surface
and stores vibration signal data into the instrument. The de-
vice attached with the probe can be held magnetically on the
vibrating surface and feeds the response into the instrument.
The probe has been mounted on top of the test bearing hous-
ing so that vibration can be measured in the vertical direction.
Finally, the data set representing the vibration signal in time
domain has been retrieved with the help of OMINITREND PC
software and processed further in MATLAB.

338 International Journal of Acoustics and Vibration, Vol. 23, No. 3, 2018



T. Govardhan, et al.: NUMERICAL SIMULATION AND VIBRATION ANALYSIS OF DYNAMICALLY LOADED BEARING WITH DEFECT ON. . .
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(b)
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(d)

Figure 7. Frequency spectra for NJ 204 bearing with roller defect at 1000 rpm, W = 1000 N; (a) A = 0; (b) A = 0.5W ; (c) A = W ; (d) A = 2W .
s : m× fc; H : n× frd ; n : (n× frd ±m× fc); 5 : (n× frd ± p× fc)± fs. (m = n = 1, 2, 3 . . . and p = 0, 1, 2, 3 . . .).

The velocity response of bearing with defect on cylindrical
rolling element and running at 2975 rpm has been captured in
time domain. The captured raw signal has been processed ac-
cording to the procedure discussed and presented in section 2.4
and Fig. 6, respectively, for diagnosis of defect. The spec-

trum of processed response signal obtained for harmonic load
in addition to static load has been presented in Fig. 11. In this
spectrum, the spectral coefficients are presented on a logarith-
mic scale because of a greater value of shaft frequency coeffi-
cient compared to other significant frequency coefficients. The
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Figure 8. Kinematic and dynamic parameters of bearing for external random
load at 1000 rpm, W = 1000 N, and µ = 0 and σ = 1000 N.

cage, shaft, and rolling element characteristic defect frequen-
cies corresponding to the bearing running speed are 19.9 Hz,
49.6 Hz and 244.1 Hz, respectively. From these figures the
new spectral component labelled by the cross mark can be ob-
served. The new spectral component appears as symmetrically
spaced side bands through shaft frequency about each signif-
icant frequency component of static loading. The significant
frequency component and its new sidebands have been shown
in the same colour for easy identification. It can be observed
that the pattern of experimental response spectrum in the re-
spect of significant frequency components is the same as that
of theoretical.

5. CONCLUSIONS

In the present study, an investigation into defect-induced vi-
bration response of a rolling element bearing with a localized
defect on cylindrical roller under the influence of external dy-
namic loading has been analysed. The external load consid-
ered in the present study consists of a static component and a
dynamic component. The dynamic component has been con-
sidered to be either harmonic or random in nature.

Different bearing kinematic and dynamic parameters, viz.,
maximum deflection, the load distribution factor, the extent of
load zone and maximum contact load along load line have been
determined for the external loadings considered in the study.
These parameters have been found to vary significantly with
respect to time for both harmonic as well as random loading.

The location of defect at every instant with respect to the
dynamic load zone is investigated and internal load over de-
fect has been calculated with the help of various instantaneous
bearing kinematic and dynamic parameters. The strength and
periodicity of excitations causing the bearing to vibrate have
been investigated under the dynamic load on defect and load
zone at every instant.

For harmonic loading, the results for the roller defect show
additional spectral components through shaft frequency about

each significant spectral component resulted due to static load-
ing. The experimental investigation confirms the presence of
these additional components in the spectra. The magnitude of
additional components increase with an increase in amplitude
of harmonic loading, whereas the sidebands at twice the cage
frequency are found to rise significantly when the amplitude of
the harmonic component of the external load is greater than its
static component.

For random loading, the noise level tends to rise with an in-
crease in dispersion of load represented by standard deviation.
The increased noise level for higher values of standard devi-
ation has masked some significant spectral components in the
case of roller defect.
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Figure 10. (a) Photographic view of rotor-bearing test set up and (b) defective bearing.
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