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ABSTRACT: Even though there are a number of condition monitoring and analysis techniques, researchers are in
search of a simple and easy way to monitor vibration of a gearbox, which is an omnipresent and an important power
transmission component in any machinery. Motor current signature analysis (MCSA) has been the most recent addition
as a non- intrusive and easy to measure condition monitoring technique.

In gearboxes, load fluctuations on the gearbox and gear defects are two major sources of vibration. Further at times,
measurement of vibration in the gearbox is not easy because of the inaccessibility in mounting the vibration
transducers. The objective of this paper is to detect artificially introduced defects in gears of a multistage automotive
transmission gearbox at different gear operations using MCSA as a condition monitoring technique. Steady as well as
fluctuating load conditions on the gearbox are tested for both vibration and current signatures during different gear
operations.

KEYWORDS: Vibration, Motor, Transducers, MCSA, Gear box.
I. INTRODUCTION

Gearbox is an important machinery component in any industry. Any defect in gears lead to machine downtime resulting
in loss of production. A number of techniques have been applied in order to diagnose the fault. Motor Current Signature
Analysis is employed to monitor induction motors and its bearings. Initially starting current transients were monitored
to study torsional vibrations which were later applied to detect motor bearing damage.

Motor Current Signature Analysis (MCSA) is an electric machinery monitoring technology developed by the Oak
Ridge National Laboratory. It provides a highly sensitive, selective, and cost-effective means for online monitoring of a
wide variety of heavy industrial machinery. It has been used as a test method to improve motor bearing wear
assessment for inaccessible motors during plant operation. In 1989, ORNL used it to monitor a variety of electric motor
driven devices at the Philadelphia Electric Company Eddystone Generating Station for detecting the degradation in
aging power plant equipment. In a comprehensive assessment of the aging of motor operated valves (MOVs), MCSA
has shown to be capable of detecting, differentiating, and tracking the progress of the MOV abnormalities, such as
abnormal line voltage and worm gear tooth wear. Extensive test data support that MCSA has a number of inherent
strengths, the most notable being that it:1.Provides nonintrusive monitoring capability at a location remote from the
equipment. 2.Provides degradation and diagnostic information comparable to conventional instrumentation. 3.Offers
high sensitivity to a variety of mechanical disorders affecting operational readiness. 4.0Offers means for separating one
form of disorder from another. 5.Can be performed rapidly and as frequently as desired by relatively unskilled
personnel using portable, inexpensive equipment. 6.1s equally applicable to high-powered and fractional horsepower
machines, ac and dc motors.

MCSA is based on the recognition that a conventional electric motor powering a machine also acts as an efficient and
permanently connected transducer, detecting small time dependent motor load variations generated within the
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mechanical system and converting them into electric current signals that flow along the cable supplying power to the
motor. These signals, though small in relation to the average current drawn by the motor, can be extracted reliably and
non-intrusively and processed to provide indicators of the condition (signatures) of the motor. The trend of these
signatures can be determined over time to give information concerning the motor and the load.The basis of fault
detection is the difference in normalized current RMS values of both healthy and faulty bearings. Broken rotor and
eccentricity in the rotor and the stator of an induction motor result in side bands of electric supply line frequency. Prior
knowledge of spatial position of fault and the load torque with respect to the rotor is necessary as the effects of load
torque and faulty conditions are difficult to separate.Current signals can be analyzed in the time-domain or the
frequency-domain. The former is also capable of analyzing systems during transients, such as during the initial or final
operation of the system. MCSA requires amplitude information of the motor currents. The currents have imbedded
information on the driven loads, with the information being available in the frequency domain or the time domain. To
obtain rotor speed, frequency-domain analysis is chosen.Motor current signals can be obtained from the outputs of
current transducers which are placed non- intrusively on one of the power leads. The resulting raw current signals are
acquired by computers after they go through conditioning circuits and data interfaces.

Data acquisition ‘

Demodulation
FFT of current

signature

Fig:-1. Basic flow chart of MCSA.
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Fig: 2. Process of MCSA
ILEXPERIMENTAL WORK

The experimental set up consists of a two-pole three-phase induction motor coupled to a worm gearbox. The output
shaft of the gearbox is connected to a separately excited D.C. Generator by a constant- velocity joint. The armature of
the D.C. generator was connected to a variable resistance load. By varying the resistance load with the help of electrical
switches, the load on the gearbox could be changed as and when required. The input speed of gearbox is the mechanical
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speed of induction motor (frequency f1).In addition, to regulate the input current frequency in the induction motor, a
Variable Frequency Drive is coupled with motor. Then there are current probes to measure the current response. Other
end of the probe is connected to data recorder. Using which current signature is recorded.

———— Variahle 3-Phase Induction Geath
— | Frequency Drive Motor o
3-Phase Coupling

Current

Fig: 3. Power flow diagram.

3 phase Induction Motor:An induction motor (IM) is a type of asynchronous AC motor where power is supplied to
the rotating device by means of electromagnetic induction. Another commonly used name is squirrel cage motor
because the rotor bars with short circuit rings resemble a squirrel cage. The field windings in the stator of an induction
motor set up a rotating magnetic field around the rotor. The relative motion between this field and the rotation of the
rotor induces electric current in theconductive bars. In turn these currents lengthwise in the conductors react with the
magnetic field of the motor to produce force acting at a tangent to the rotor, resulting in torque to turn the shaft.

Fig: 4. A squirrel cage Rotor.

Make: Siemens; Rated Power: 2.2 kW ; Rated Speed: 2850 rpm ; Frequency: 50 Hz ; Voltage: 415 V ;Current: 4.3 A

Variable Frequency Drive:A variable- frequency drive isasystemforcontrolling the rotational speed of an
alternating current (AC) electric motor by controlling the frequency of the electrical power supplied to the motor. A
variable frequency drive is a specific type of adjustable-speed drive. Variable- frequency drives (VFD) can be of
considerable use in starting as well as running motors. A VFD can easily start a motor at a lower frequency than the AC
line, as well as a lowervoltage, so that the motor starts with full rated torque and with no inrush of current. The rotor
circuit's impedance increases with slip frequency, which is equal to supply frequency for a stationary rotor, so running
at a lower frequency actually increases torque. A tentative working diagram of a VFD system is given below.
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Fig 5: VFD system schematic

Fig: 6: Variable Frequency Drive with its circuit board.

Make: Pro-star; Rated Power: 3.7 kW; Voltage: 380 V; Current: 5 A ;Frequency: Input: 50 Hz ,Output:0-240 Hz. Type:
3 phase. Weight: 4.5 kg.
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Fig: 7. Wiring diagram: 1.

Connected he wires in accordance with the circuit diagram as above. After checking the wiring successfully VFD was
powered on.Entered the programming menu using “Mode” key.Measured the functional parameters of the
motor.Entered F801 parameter and set the rated power of the motor to 2.2 kW.Entered F802 parameter and set the rated
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voltage of the motor to 380 V.Entered F803 parameter and set the rated current to the motor to 4.3 A.Entered F804
parameter ane® set the number of poles of the motor to 2.Entered F805 parameter and set rotary speed of the motor to
1440 rpm.Entered F800 parameter and set it to 1 or 2 to allow measuring the parameter of the motor(1= running
parameter mode, 2=static parameter mode. In the static parameter mode motor was supposed to be disconnected from
load.).Pressed “Run” key to measure the parameters of the motor. After completion of the measurement, the motor
stopped running and relevant parameters were stored in F806- F809.Set the functional parameters of VFD.Entered F106
parameter and set it to 0; selected the control mode to sensorless vector control.Entered F203 parameter and set it to
0.Entered F111 parameter and set it to frequency 50.0 Hz.Entered F200 parameter and set it to 0; selected the mode of
start to keyboard control. Entered F201 parameter and set it to 0; selected the mode of stop to keyboard control.Entered
F202 parameter and set it to 0; selected co-rotation locking.Pressed the run key to start the VFD.During running, current
frequency was changed by pressing Aor - Y. Pressed the “Start/Stop” key once, the motor decelerated and it stopped
running.Switched off the air switch and de-energized the VFD.

Worm Gearbox:A worm drive is a gear arrangement in which a worm (which is a gear in the form of a screw) meshes
with a worm gear (which is similar in appearance to a spur gear, and is also called a worm wheel). Like other gear
arrangements, a worm drive can reduce rotational speed or allow higher torque to be transmitted. A gearbox designed
using a worm and worm- wheel will be considerably smaller than one made from plain spur gears and has its drive axes
at 90° to each other. Following figure shows the diagram of worm gears and the one following it is the available worm
gearbox for our experiment.

Fig: 8. Gearbox used in the experiment.

DATA Recorder

Schematbic Diagram of Expermmental Setup.

Fig. 9: Schematic diagram of the experimental setup and the pictures of the experimental setup.
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Fig: 11. Motor coupled with the gearbox.

I, RESULTS

The Current Signature experiment was performed over a frequency range of 0-100 Hz generated by Variable Frequency
Drive. 3 different times the following results were recorded by the data recorder (CRO in our experiment). Based on the
results obtained the following observations are made.
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Sidebands of rotating frequencies across the line frequency are observed in the current spectra. Rotor eccentricity in the
induction motor is also traced by examining the remaining sidebands of the line frequency in the current signatures. The
amount of load affects the rotor speed, the slip factor also changes in each case. The amplitudes of the sidebands due to
rotor eccentricity are very large after the load removal than those before the load removal. It is due to the fact that the
load acts as a damping factor for vibrations due to the rotor eccentricity. In an induction motor, the speed is inversely
related with the load, however when it is coupled with a gearbox, a large fluctuation of speed of the order of 0.5 Hz (30
rpm) is observed. Tracking of the rotating speed of gearbox is not effective in monitoring the gearbox. The reason is that
the gearbox casing vibration is retransmitted to the gearbox through flexible rolling element bearing, and very large
excitation of the gearbox takes place due to various time-varying parameters like tooth mesh stiffness, frictional forces
and torques and bearing forces; thereby causing a large speed fluctuation

IV. CONCLUSION

This project was concerned to use MCSA to detect defects in Bearings as well as Gearboxes and to measure load
fluctuations. It considered a normal operating worm gear drive with introduced gear defects. Following inferences can
be drawn out of the above study:

1. There are sideband frequencies of the gearbox; such as rotating frequencies of input shaft, output shaft and gear

mesh frequencies. But the amplitude of these sidebands have very less amplitude as compared to the line

frequency.

Defects and load fluctuations of gearbox can be monitored through Motor Current Signature Analysis by

3. Tracking the amplitude level of the line frequency and the sideband of the output shaft frequency across line
frequency. Tracing the sideband frequency across the supply line frequency.

4. An expert system may well be advised for online condition monitoring of the gearbox using MCSA.

n
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