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4 -Vibration analysis

5- Acoustic analysis

6- Thermographic inspection
7- Oil analysis

8- Spectroscopy

9- Ferrography
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Fig. 1. Constitutive Components of the desgined and constructed condition monitoring system: (1) Sound level meter,
(2) Hand- held computer, (3) Inverter, (4) Electromotor acoustic chamber, (5) Frame
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Fig.2. Exploded view drawing of gearbox: (1) Case, (2) Shaft, (3) Gear), (4) Key, (5) Ball bearing, (6) Ball bearing case
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Fig.4. Technical drawing of maded cap for the maintenance of bearings: (1) Right view (2) Front view (3) Section view
(4) Isometric view
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Fig.5. Technical drawing of shaft: (1) Detail view, (2) Front view, (3) Isometric view
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Introduction

One of the ways used for minimizing the cost of maintenance and repairs of rotating industrial equipment is
condition monitoring using acoustic analysis. One of the most important problems which always have been
under consideration in industrial equipment application is confidence possibility. Each dynamic, electrical,
hydraulic or thermal system has certain characteristics which show the normal condition of the machine during
function. Any changes of the characteristics can be a signal of a problem in the machine. The aim of condition
monitoring is system condition determination using measurements of the signals of characteristics and using this
information for system impairment prognostication. There are a lot of ways for condition monitoring of different
systems, but sound analysis is accepted and used extensively as a method for condition investigation of rotating
machines. The aim of this research is the design and construction of considered gearbox and using of obtaining
data in frequency and time spectrum in order to analyze the sound and diagnosis.

Materials and Methods

This research was conducted at the department of mechanical biosystem workshop at Aboureihan College at
Tehran University in February 15™ 2015. In this research, in order to investigate the trend of diagnosis and
gearbox condition, a system was designed and then constructed. The sound of correct and damaged gearbox was
investigated by audiometer and stored in computer for data analysis. Sound measurement was done in three
pinions speed of 749, 1050 and 1496 rpm and for correct gearboxes, damage of the fracture of a tooth and a tooth
wear.

Gearbox design and construction: In order to conduct the research, a gearbox with simple gearwheels was
designed according to current needs. Then mentioned gearbox and its accessories were modeled in CATIA V5-
R20 software and then the system was constructed.

Gearbox is a machine that is used for mechanical power transition from a productive source of power to a
consumer, for torque meeting and for rotating speed needed for the consumer. In fact, gearbox is an interfere
between power source and power consumer which produces a flexible communication between power source
and power consumer. Needing to a gearbox as a machine which can generate harmony as an interface is
unavoidable due to lack of harmony of torque and rotating speed of production source of power. So necessary
calculations in order to attain to technical characteristics of gearwheels, bearings, shaft dimensions and other
accessories of gearbox were done. This gearbox is from kinds of simple gearwheel which its input and output
shaft are parallel to each other.

Main accessories of gearbox are: 1.crust 2.shaft 3.gearwheel 4.thorn 5.bearing 6.cover. All of the design
parameters were calculated and considered in designing of all of the accessories of gearbox.

Electromotor rotating calibration: For this aim, a light-contact telemeter in model of Lutron was used as
contact.

Acoustic module of electro motor: A module was constructed in order to prevent from sound waves
interaction resulting from an electromotor function with waves of gearbox function. Three layers of sound
absorbent including common felt with 1mm width, polyethylene foam with 15 mm width and shoulder foam egg
with 35 mm width were used for the module insulation. Material used for the body of this module was MDF.
Based on field measurement, level of electromotor sound decrement using the acoustic module was 20dB.
Investigated malfunctions in this research are relevant to gearwheel with one tooth fracture, one worn tooth and
one tooth fracture and other worn tooth.
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Collection and storage of acoustic data: In this research, an audiometer in model of HT-157 made in Italy in
order to obtain acoustic data and a laptop with a model of Lenovo-G550 for data storage and processing was
used. Cool Edit Pro 2.0 software was used for data processing. Data storage was in PCM format and MATLAB
R2014a software used for data processing.

Data processing: Signal processing method in the frequency domain is used in order to reveal the defects.

Fast Fourier Transform: Fast Fourier Transform FFT for application in electronic equipment specially
analyzers have great importance. In this condition, sampling number is chosen exponentially as 2N which
decreases the calculation volume significantly.

Determination of defect kind of gearwheel using frequency spectrum analysis: In mentioned gearwheel,
errors were generated synthetically. Defect kind of these errors was generated in separate gearwheels in order to
investigate the defects more precisely and a gearwheel was considered as control gearwheel. Despite of this, the
sound of all of the gearwheels in correct condition was stored.

Results and Discussion

Comparison of processed acoustic signals from gearwheels of gearbox in two correct and incorrect conditions
was indicative of gearwheel involvement, frequency, their harmony and the changes resulted from defects.
Gearwheel defect detection tests showed that at the speeds of 1496, 1050 and 749 rpm, investigated defects are
recognizable with a comparison of the frequency spectrum of obtained signals in correct and incorrect conditions
and according to the involvement frequency of gearwheel, its harmony and sided spectrum. Results of the
frequency spectrum of signal analysis in speed of 1496 rpm pinion showed the defect of one tooth fracture in
involvement frequency of gearwheels by 489, 350 and 249 Hz respectively which became apparent with a
mentioned frequency domain increment. A worn tooth defect in a gearwheel was completely determinable as
sided bands with equal distance around gearwheel involvement frequency in the signal frequency determination
of the speeds of 1496 and 105 rpm pinion, but became a bit harder in less speeds. Investigation of frequency
spectrum of acoustic signal resulted from gearwheel, is indicative of the ability of this method in gearbox
condition investigation with high precision and minimum time. So the gearbox condition investigation is reached
by investigation of the frequency spectrum of acoustic signal resulted from gearwheel.

Conclusions

In current research, acquisitive signals resulted from produced sound waves of constructed gearwheel were
used for investigation and diagnosis. Recorded signal in time domain and processed frequency and exploited
characteristics of signal in frequency domain for diagnosis were analyzed. Obtained results of this research can
be summarized as follow:

1. Precision level in the diagnosis decreased by increasing in pinion speed.

2. There will be a decrement in gearwheel diagnosis after defects integration and signal behavior won’t be
completely similar to the defect as individual.

3. Proper placement of audiometer is effective in diagnosis trend.

4. In frequency spectrum of obtained signals, particle velocity level is more efficient in diagnosis than the
sound pressure level.

Keywords: Condition monitoring, Frequency domain, Gearbox, Sound signal processing



