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Abstract— The cage is an important element of the bearing. 

The cage is used to support the bearing balls and it maintains 

the fix distance between rotating balls. The defected cage could 

create defects in the balls and race ways of the bearing. It could 

lead to premature failure of the bearing which causes machine 

down time, production loss and huge maintenance cost. 

Traditionally, periodic checks of the bearing health are 

performed in industry but they did not avoid the bearing cage 

failures. Thus, it is essential to develop some real-time health 

monitoring system to analyze the status of bearing cage. 

Recent research developments on the bearing fault diagnosis 

have that non-intrusive stator current and power analysis 

techniques are most economical and simple as compared to 

intrusive vibration analysis technique. However, a limited 

research has been conducted to check and confirm the 

effectivity of stator current and power analysis techniques for 

the diagnosis of cage faults. Thus, the aim of this paper is to 

analyze cage faults using non-intrusive stator current and 

power analysis. The comparison of both techniques have been 

performed experimentally and it has been concluded that 

power analysis is a most suitable technique to diagnose cage 

faults.  

Keywords: Cage Faults, Non-Intrusive Condition 

Monitoring, Harmonics Analysis, LabVIEW based Signal 

Processing.  

1. Introduction

Cage is used to maintain a fix distance between balls of the 
bearing. The load applied on the shaft is transformed to the 
bearing balls. If balls are positioned at an equal distance then 
the load will be equally transformed to all balls. The balls of the 
bearing rotates between race ways [1-5].  Thus, to maintain the 
uniform motion of the shaft and to distribute the shaft load 

equally among all balls, the cage plays an important role. The 
failure of the cage will cause failure of race ways and eventually 
failure of the bearing [6-8]. The health of cage could be 
estimated through periodic checks but it could not guaranties 
the trouble free operation of the bearing and unexpected 
breakdown could occur.  

The conventional vibration analysis method could be opted for 
continuous health monitoring of various elements of the 
bearing. However, expertise for complex data analysis and high 
cost of the vibration sensors is the limitation of the vibration 
analysis technique [9-12].   

In a recent years, researchers have developed economical 
condition monitoring techniques whose data interpretation is 
simple and easy. The motor current analysis and power analysis 
are among the methods known as non-intrusive and economical 
ways for fault diagnosis of the bearing [13, 14].  

The Hilbert transform was used by the [15] to analyze the single 
point defects in bearing race ways. The simulated and 
experimental results indicate that Hilbert transform has the 
ability to diagnose faults in race ways. A hybrid approach was 
adopted by [16] to analyze the eccentric and bearing faults. The 
data was collected through multi-sensors like vibration sensor, 
acoustic sensor and current sensor and analyzed using Hilbert-
Huang transform. They recorded the true detection rate of 
approximately 99.9 %. The envelop analysis method was used 
by [17] to diagnose the bearing local faults in the presence of 
external vibration. The external vibration was simulated using 
the vibration shaker. In an extended work [18] studied the 
multiple local faults in bearing using vibration monitoring 
technique. They concluded that frequency domain analysis 
provides same frequency information for single fault and 
multiple faults. However, the amplitude has been observed to be 
increased in multiple local faults. Motor current analysis was 
used by [19] to analyze bearing faults using Fast Fourier 
Transform (FFT) and wavelet transform. Power analysis 
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approach was used to analyze faults in bearing race ways and it 
was concluded that power analysis approach has the capability 
to diagnose these type of faults [20-26]. 

It has been observed from the literature that motor current 
analysis and power analysis approaches have the capability to 
diagnose the faults in raceways of the bearing. However, 
detailed analysis of cage faults and roller faults are not found in 
the published research. Thus, the scope of this paper is to 
analyze cage faults using motor current analysis and power 
analysis approaches and to compare the fault diagnosing 
capability of both approaches. 

2. Design of Laboratory  Set-Up 

A laboratory set-up has been developed for the implementation 

of motor current analysis and power analysis techniques. The 

schematic diagram of the developed set-up has been shown in 

Figure 1. The mechanical parts of the test rig consist of a 3-

phase induction motor and steel shaft coupled with motor shaft 

via flexible coupling. The coupling has rubber jaw to reduce 

the vibration occurring in the motor.  The mechanical load is 

mounted on the steel shaft between two brackets. Two motors 

of the same specifications are used during the experiments. 

One motor has a bearing with undamaged cage while the other 

one has artificially defected cage. The geometry of the bearing 

has been described in Figure 1. The connections of the motor 

are in star connected for 412VAC supply. An AC variable 

frequency drive (VFD) is used to run the motor at various 

speeds. The speed of the motor is measured by Prova digital 

tachometer. 

Loads are considered as one of the most significant factors 

influencing the lifetime and characteristics of the bearings. In 

this work, tests were performed on un-loaded and loaded 

conditions of the motor. The three round steel plates were 

mounted on a steel shaft coupled with a motor shaft to create 

the radial load. Aluminum coated steel comprised the round 

plates. The design of round plates is shown in Figure 1.  

The data acquisition and processing system used in this work 

consists of National Instruments data acquisition card NI 6281, 

an AC current and voltage transformer and LabVIEW 

software. The bearing cage produce cage frequency which 

appears in motor current spectrum and power spectrum. The 

location of these frequencies are identified using the 

mathematical equations [26, 27] and are shown in Table I and 

II. 

 
Table I. Cage Frequencies in Motor Current Spectrum 

Motor Load Motor Speed (RPM) Cage Frequencies (Hz) 

No Load 1485 40.60  ,  59.40 

Medium Load 1445 40.80  ,  59.20 

Full Load 1405 41.10  ,  58.90 

 
Table II. Cage Frequencies in Motor Power Spectrum 

Motor Load 
Motor Speed 

(RPM) 
Cage Frequencies (Hz) 

No Load 1485 90.60  ,  109.40 

Medium Load 1445 90.80  ,  109.20 

Full Load 1405 91.10  ,  108.90 
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(b) 

  

(c) 

 
(d) 

Fig. 1. The structure of the components used in the test set-up (a) bearing geometry (b) damaged cage (c) structure of steel plates used as load 

(d) complete hardware integration 

Table III. Summary of Analysis of Motor Current and Power Data 

Load 

Analysis of Motor Current  Analysis of Motor Power  

Fault Frequencies 

(Hz) 

Amplitude for 

Healthy Cage (dB) 

Amplitude for 

Faulty Cage (dB) 
Fault Frequencies 

(Hz) 

Amplitude for 

Healthy Cage (dB) 

Amplitude for 

Faulty Cage (dB) 

No Load 40.60  ,  59.40 -58.25  ,   -55.61 -55.39  ,  -52.30 90.60  ,  109.40 -54.28  ,  -51.86 -46.90  ,  -44.45 

Medium Load 40.80   ,   59.20 -62.15,  -58.79 -57.19  ,  -53.54  90.80  ,  109.20 -56.54  ,  -53.69 -46.69  ,  -42.42 

Full Load 41.20   ,   58.80 -57.74  ,  -54.21 -49.26  ,  -46.81 91.20  , 108.80 -54.73  ,  -50.92 -39.56  ,  -34.68 
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3. Results and Discussions 

A. Case Study 1: Bearing cage analysis using motor power 

data 

The data for motor power has been obtained from the voltage 

and current sensors and has been plotted in frequency domain. 

The results for the healthy and faulty cage for no-load and full 

load conditions are shown in Figure 2 and 3 respectively. A 

change in amplitude values has been observed from healthy 

cage and faulty cage graphs. The change in amplitude is minor 

for no-load condition. However, a larger change in amplitude 

has been observed for full load condition. This change in 

amplitude is used as an indicator of appearance of fault in cage. 

 
(a) 

 

(b) 

Fig. 2.The plot of motor power under no load for (a) healthy cage (b) 

faulty cage  

 

(a) 

 

                                               (b) 

 

Fig. 3.The plot of motor power under full load for (a) healthy cage (b) 

faulty cage  

B. Case study 2: Bearing cage analysis using motor current 

data 

The motor current data has been collected through the current 
sensor and has been plotted in frequency domain. The results 
for the healthy cage and faulty cage for no-load and full-load 
conditions are shown in Figure 4 and 5. A small change of 3 dB 
has been observed under no-load condition but a comparatively 
larger change in amplitude has been observed for full load 
condition. 
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(a) 

 

(b) 

Fig. 4.The plot of motor current data under no load for of (a) healthy 

cage (b) faulty cage 

 

(a) 

 

(b) 

Fig. 5.The plot of motor current data under no load for of (a) healthy 

cage (b) faulty cage 

The comparison of motor power analysis and current analysis 

has been summarized in Table III. The comparison indicates 

that power analysis contains stronger fault signatures as they 

have higher change in amplitude values as compared to motor 

current analysis. Thus, motor power analysis is a more suitable 

option for the online diagnostics and classification system for 

higher reliability of true detection. 
 

4. Conclusions 
 

Development of condition monitoring methods to improve the 

reliability and to reduce the maintenance equipment cost is an 

active area of research. This paper has presented a meaningful 

comparison of two non-intrusive and cost-effective diagnosis 

methods known as motor current analysis and power analysis 

methods. The diagnosing ability of both methods have been 

tested in the analysis of bearing cage faults. The experimental 

results have concluded that both non-intrusive methods possess 

ability to diagnose cage faults. However, the power analysis 

method provides amplified amplitudes at cage fault frequency. 

Thus, fault analysis and classification is more easy using power 

analysis technique. 
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