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ABSTRACT:

The purpose of this study will use vibration signature for diagnosis gearbox faults. The time-frequency method is often used to
approach fault monitoring and diagnosis in this research, and the results are then compared through different analysis.
Experimentation on collecting data of current waveform through a self-designed equipment have been carried out.. This
experimental procedure may show both a regular and a damaged gearbox, including wear and tooth fracture. Three accelerometers
were utilized to collect vibration signals from the gearbox, and a Laser tachometer was employed to measure speed. Speed of
rotation of the shaft is measured. The findings indicate that frequency domain analysis utilizing the fast-Fourier transform was
successful. Wear and tooth breakage conditions are less sensitive. The approach of short-time Fourier transform, on the other
hand, was able to keep an eye on the gearbox for any problems. In the case of gearbox faults, the Wavelet Transform (WT)
approach performed well. After applying time synchronous averaging to the vibration signal, it was possible to identify it (TSA).
As a result of a single incipient fault in the gear and bearing, the gear-bearing system encounters many failures, leading to
catastrophic failure. The current study will investigate a more complicated problem, such as a transmission with a compound gear-
bearing issue. To improve the diagnostic procedure' efficiency, vibration measurements are obtained at a variety of speeds and
loads.
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INTRODUCTION:

Vibration signal is the most widely used method for gearbox monitoring systems and problem detection. Accelerometers mounted
on the gearbox housing are commonly used to obtain this signal. The goal of gearbox fault diagnostics is to detect existing defects
and identify the cause of such faults while they are still in the initial phases of development [1]. Another goal of fault diagnostics
is to detect probable gearbox defects while they are in operation. The major component of the vibration signal of a gearbox in
gearbox vibration analysis is gear teeth frequency and its harmonics. The GMF sidebands provide information about the current
state of the gearbox. The size of sideband amplitudes and the quantity of sidebands can reflect the severity of defects and their
causes [2]. Cepstral analysis was commonly used to check the condition of a gearbox. This approach worked well for detecting
sidebands in vibration spectra, and it could be used to indicate gearbox status. The cepstrum permits reliable assessment of
sideband periodicity since it calculates average sideband spacing across a large frequency range. As a result, it might be used for
both detecting and diagnosing gear defects. This paper reflects the various kinds of faults encountered in various industries gears,
as well as the various detection methods needed to evaluate them. From a simple motor to massive cruise ships and planes, there is
probably no machine that can run without gears. Today's gears are made in a variety of ways, depending on their usefulness,
system needs, and operating circumstances [3]. Spur gears, helical gears, bevel gears, and worm gears are among them. Many gear
failures are caused by design flaws, manufacturing flaws, maintenance issues, inspection methods, and unavoidable recurring
loads that produce surface fatigue, wear, and lubricant degradation. In general, each kind of failure leaves distinct signs on gear
teeth, and a thorough inspection frequently provides sufficient information to determine the reason of failure [4]. Gears and
bearings can fail in a variety of ways, although there is typically little indication of difficulties until total failure occurs, other from
an increase in noise and vibration as shown in Fig 1.
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Fig 1: Different Defects of Gear

Rotating machines must also operate under various loading and speed circumstances. In the search for high-reliability operations,
the detection, localization, and investigation of defects in such devices are critical [5]. Vibration analysis has been utilized as a
support for equipment maintenance choices and as a predictive technique. Machines, on the whole, don't break down or fail
without notice, which is usually signaled by higher vibration levels. It is feasible to establish both the type and severity of the
flaw, and so forecast the machine's failure, by monitoring and analyzing the machine's vibration. Imbalance, misalignment,
looseness, and distortion, defective bearings, gearing and coupling inaccuracies, critical speeds, various forms of
resonance, friction whirl, rotor/stator misalignments, bent rotor shafts, defective rotor bars, and so on are the most common causes
of mechanical vibration [6]. The following are a few of the most typical gear defects that may be diagnosed via vibration analysis.

EXPERIMENTAL SETUP:

The motor and gearbox were mounted on the base as shown in Figure 2. The output shaft of the AC motor is mechanically linked
to the input shaft of the gearbox to provide mechanical power to the gearbox and its downstream components. The motor and
gearbox are connected by two flanges built into the motor housing and gearbox casing [7-9]. The complete system may be used in
a number of situations [10-11].

Single Stage
Helical Gear Box

Foundation/Base Motor(0.5HP,
1440rpm)

Fig 2: Experimental test rig
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Gear Materials:

Gears may be made of a number of materials, including steel, brass, bronze, cast iron, ductile iron, aluminum, powdered metals,
and polymers, to name a few. Steel is the most common material overall, however this has evolved throughout time. In our
opinion, there are three aspects that are most important when selecting a high-quality gear material. Strength, durability, and cost,
which includes both material and production expenses, are the three factors.

Mild steel, commonly known as "low carbon steel," is a form of carbon steel having a low carbon content. The quantity of carbon
in mild steel is generally 0.05 percent to 0.25 percent by weight, depending on the source, but greater carbon steels are often
defined as having a carbon[13].Helical gears made of low alloy carbon steel are extensively used as power transmission
components in vehicles because their hardened surfaces enhanced their strength and wear resistance. EN8 is an unalloyed medium
carbon steel used in situations where greater qualities than mild steel are needed but the expense of a steel alloy is prohibitive.
ENB8 is an unalloyed medium carbon steel used in situations where greater qualities than mild steel are needed but the expense of a
steel alloy is prohibitive. EN8 may be heat treated to produce exceptional surface hardness and moderate wear resistance using
flame or induction hardening techniques [14].

Results:
The next stages are separated into the results produced according to the fault conditions are shown in Fig 3.
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Fig 3: Waveform for a Tooth Damaged Pinion at 350 RPM

In this graph, the waveform is represented by the vertical axis displaying the acceleration curve and the horizontal axis plotting
time. When a single tooth in a pinion with 17 teeth is lost, the injured tooth comes into contact with the mating gear once per
revolution, therefore the peak is visible once every revolution. The pinion, on the other hand, rotates at the same rate as the input
shaft, which is 300 revolutions per minute. When this speed is translated to revolutions per second, the pinion's frequency of
rotation is 5 Hz (Hz). It signifies that the pinion spins at a rate of five revolutions per second. This indicates that one pinion
revolution takes (1/5) second, or 0.2 second. It also implies that every 0.2 seconds, the one broken tooth will make contact with
the mating gear. As a result of the damage, the amount of vibration acceleration increases throughout the meshing period. We may
conclude that time waveform analysis is the most effective technique of identifying gear tooth degeneration. The DEWEsoft X1
software has the ability to transform a time waveform into a Fast Fourier Transform (FFT) spectrum. This option transforms
sections of the problematic pinion's graphs into FFT power spectrums, which are then compared to the healthy pinion's FFT
spectrums to calculate the FFT difference. The comparison is carried out with the help of a Microsoft PowerPoint feature. The
first FFT is transparent, and the second is placed on top of it. When the number of teeth in a single damaged pinion is compared to
the number of teeth in a healthy pinion, the number of teeth in the single damaged pinion varies. As a result, a problematic pinion
should have 16 teeth, whereas a good pinion should have 17 teeth. The FFT power spectrum reaches its apex at Gear Mesh
Frequency. The peak recorded for a healthy pinion at its GMF is higher than the peak measured for a damaged pinion at its GMF
in all three cases described below. This is caused by a change in the number of teeth, which is caused by a change in GMF [15-
19].
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Il - Healthy Pinion [ - Single Tooth Damaged Pinion

' GMF for healthy Pinion = 178 Hz
i.e. GMF = (600/60) x 17
= 170 Hz ~ 178 Hz

Fig.4: At 650 rpm
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GMF for healthy pinion = 252.5 Hz
i.e. GMF = (900/60) x 17
= 255 Hz ~ 252.5 Hz

Graph 5 At 950 rpm
Teeth Damage on Both Sides:

A double tooth on a 17-tooth pinion with two peaks appears at the end of each revolution because the damage occurs twice in a
rotation with the mating gear when the double tooth is damaged. However, in the experimental situation, the input shaft rotates at
a speed of 300 rpm, which implies that the pinion likewise rotates at a speed of 300 rpm. In this case, the peak may be detected
every 0.1 second since the two injured teeth are precisely opposite each other. At the moment of meshing, the damage causes an
increase in the amplitude of the vibration to occur. The similar phenomena is seen in Fig 6.
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Fig 6: Waveform for Double Teeth Damaged Pinion at 350 rpm
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Fig 7: At 950 rpm

There is a difference in the number of teeth between the double teeth damaged pinion and the healthy pinion due to the two
damaged teeth. As a result, it is assumed that a problematic pinion has 15 teeth and a healthy pinion has 17 teeth. At Gear Mesh
Frequency, the peak can be seen in FFT.

Conclusions:
Following a study of the graphs, tables, and findings, several conclusions were drawn.

1) The damaged tooth meshes with the matching gear once every revolution, resulting in a single-tooth damaged pinion rotating at
300 revolutions per minute (5 Hz). Because the pinion spins at a frequency of 5 Hz, or 5 revolutions per second, one pinion
rotation takes (1/5) second to complete. As the injured tooth interacts with the adjacent teeth, it has a major effect on the
succeeding teeth. As a result, the peak is seen every 0.2 seconds.

2) The damaged teeth mesh twice every revolution with the corresponding gear, resulting in a double-toothed damaged pinion
rotating at 300 revolutions per minute (5 Hz). Because the pinion spins at a frequency of 5 Hz, or 5 revolutions per second, one
pinion rotation takes (1/5) second to complete. As the injured tooth interacts with the adjacent teeth, it has a major effect on the
succeeding teeth. As a consequence, the peak emerges approximately every 0.2 seconds. Graph 3 shows a peak every 0.1 second.
As aresult of this, it is possible to identify defects such as single and double tooth damage simply by analyzing the time waveform
and speed.
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