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Abstract— Electric motors are widely used in the industry and
convert electrical power to mechanical power. Gears are connected with
the motor shaft for frictionless power transmission. The power
transmission efficiency is dropped when the gear teeth is damaged. It
causes huge financial loss. There are various commercially available
condition monitoring tools for the preventive maintenance and
condition monitoring of the gearing systems. However, such tools and
techniques are intrusive and costly. This paper presents a non-intrusive
approach for timely detection of gear damages and can be integrated to
existing condition monitoring systems to save time and cost. The
proposed method is based on the analysis of power spectra of the
frequency amplitude plots. The amplitude difference at gear harmonics
gives indication of the presence of the fault. The proposed technique
has been tested and validated at 1400 rpm and 1370 rpm of the motor
which is operating at 75 % load and full load.

Keywords: Instantaneous Power Analyzer; Gear Anomaly;
Gear Cracks, Machine Reliability, Condition Monitoring.

1. Introduction

The toothed wheels are known as gears. The two gears are
meshed to transfer the mechanical power. The gear connected
with the prime mover is call primary gear and the gear to which
the power is being transmitted is called follower gear [1-3]. Gears
are modified version of the friction wheel to eradicate the
slipping. The gears are used in the machinery where the definite
velocity ratio is required. There are various types of gears such
as helical gears, spur gears, hypoid gear, bevel gear, worm gear,
spiral gear, ground gear and angular gear [4, 5]. The gears are the
important element of the machines and failure of the gear results
in the failure of the machine. The machine failures cause
disturbances on the production lines and eventually creates
financial losses in the form of production loss and maintenance
cost. Thus, the reliable of operation of the gears gains importance
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and various strategies are adopted in the industry to protect the
gears from faults and to predict the failures through various
condition monitoring strategies to avoid the emergency
shutdowns of the production lines [6-9].

The literature review indicates a lot of techniques associated with
the condition monitoring of gear transmission system. For
example, acoustic emission was used in [10] to detect the gear
shaft misalignment. Similarly, oil film thickness was used as
indicator of gear health [11]. The wavelet transform along with
artificial intelligence approach was utilized by [12] to detect the
faults in helical gearing system. A vibration analysis approach
based on time-frequency analysis was proposed in [13, 14] for
the condition monitoring of gears. A combination of support
vector machine and genetic algorithms was proposed in [15] to
analyze the faults in gear transmission system. The infrared
thermography-based method was proposed by [16] to diagnose
the faults in gears. The time domain features were extracted from
infrared images and were classified using artificial intelligence
algorithm. Although the methods described in [10-16] shows
promising results in detecting the gear transmission faults,
however, these methods are intrusive, costly and complex. A
non-intrusive approach utilize machine current signatures was
used by [17, 18] for investigation of gear faults. However, the
method offers only two fault components and their amplitudes
were affected by noise and challenge the reliability of the
condition monitoring system.

The contribution of this paper is to present a non-intrusive gear
transmission condition monitoring system based on analysis of
amplitudes on gear frequencies analyzed in power spectrum.

The rest of the paper has been organized as follows: the hardware
and software interface for experiments has been illustrated in
section 2. The results are described in section 3 and conclusion
has been given in section 4.
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2. Hardware and Software Interface shown in Figure 2. The LabVIEW front panel and block diagram
are shown in Figure 3. The frequency harmonics of the gear as

The hardware used in the test rig development consists of a shown in Table | are calculated using the mathematical formula

speed sensor, a current sensor, a voltage sensor, a frequency reported in the literature [2, 3, 7, 9].

drive, an induction motor, gear box, steel frame. The software

used in the project was LabVIEW. The components of the test

rig and their interface scheme has been shown in Figure 1. The

flow chart of the gear condition monitoring system has been
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(b)
Fig. 2. The LabVIEW window (a) HMI window (b) LabVIEW code

Table I. Gear frequencies for fault localization in Amplitude-Frequency Plot

Gear Fault Harmonics

Speed (rpm) f. (H2) Left Harmonics Right
9 (Hz) Harmonics (Hz)

1400 23.4 76.6 123.4

1370 22.8 77.20 122.8

3. Results and Discussions

The frequency vs amplitude plots of the machine power spectra
has been shown in Figure 3 and 4 for two operating conditions
of 1400 rpm and 1370 rpm. The values of the amplitudes for the
normal gear in Figure 3 (a) are -87.49 db, -66.82 db and -60.43
db at three harmonic components 23.4 Hz, 76.6 Hz, 123.4 Hz.
While, Figure 3(b) shows amplitudes values -65.31db, -44.48
db, -38.28 db at three harmonic components 23.4 Hz, 76.6 Hz,
123.4 Hz. Figure 3 shows that the 22 db difference in amplitude
values appears when a damaged gear is connected with the
motor. This 22 db difference in amplitudes serves as the
indicator of damaged gear in automated gear condition
monitoring system when machine is operating at 1400 rpm.
Similarly, Figure 4 (a) and (b) represents the frequency vs
amplitude plots for the normal gear and damages gear @ 1370
rpm. A amplitude difference of 28 db has been recorded by
comparing the spectra of Figure 4 (a) and (b). This 28 db
difference in amplitudes serves as the indicator of damaged gear
in automated gear condition monitoring system when machine
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is operating at 1370 rpm. The summary of amplitude variations
has been depicted in Table II.
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Fig. 4.The instantaneous power spectra of the (a) healthy gear (b)
faulty gear
Table Il. Amplitude Variations Summary
. Non-Fault Fault .
Mact;;gtla\AShaﬁ Condition Condition Va(r(ljgt;on
Amplitudes Amplitudes
-87.49, - -65.31, -
1400 66.82,-60.43 | 44.48,-38.28 22
-73.7,-66.71, -45.62, -
1870 56.97 38,55, -28.60 28

4. Conclusions

A non-intrusive approach has been developed in this paper to
detect the gear damages in the electromechanical power
transmission system. The test setup has been developed to
simulate the condition monitoring system for gear fault
diagnostics. The frequency vs amplitude spectrum has been
plotted for the instantaneous power of the motor. The amplitude
difference has been observed at the gear harmonics which give
indication of the gear faults presence. The developed system has
successfully diagnosed the fault at the motor operating speeds
1400 rpm and 1370 rpm. It has been concluded that the
developed system is capable to diagnose the gear faults and the
developed system should be further tested for the diagnostics of
bearing faults, shaft misalignments, eccentricity and pump
impeller faults.
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