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Abstract— The aim of the research was to apply modal ~ dashpot model of the system from the multiple raspo

analysis method to investigate the vibration processes of an data.
electric motor in transient states. Transient states can occur, In contrast to the existing experimental modalgsis
eg. in the case of the DC motor driving by a voltagestep or  methods, such an approach can be used on theiopatat
at sudden loss of the synchronous motor oad. Mechanical sy input-output data recorded during the operatf
impacts are transmitted through the frame of the motor and . " .

the system under actual working conditions; the dated
from the motor feet to the base plate. . A

not to be collected under tightly controlled coratis.

Keywords — DC motor, modal analysis, motor frameAS the majority of the popular modal testing andlgsis
mechanical impact. methods are primarily based on the fast Fourier

transformation (FFT), elucidating their limitation®ore

. INTRODUCTION details of the methods may be found in the docuatiemt

An electric motor is a piece of equipment, whichof commercial Fourier analyses implementing these
produces noise and mechanical vibration. The caokes techniques. These limitations refer to FFT withoutve
this noise and vibration are both electromagnetid a fitting; good curve fitting of real data requiresora
mechanical. In nature, the mechanical reasons af®mputation than a data dependent system and yet
unbalanced rotors, bad couplings, and bad beagngs provides less accurate results.
so on. The electromagnetic reasons are vibration by The 72 points were chosen on the surface ofrtber
magnetization, the forces between the stator atwmr,ro frame; 56 of these were on the cylindrical part7n
especially in a motor with a high number of polesi a transversal planes with 8 points on the circumfeger8
torque pulsation. Motors supplied by power conwersi were at the upper part of the frame and 8 werbeafeet.
equipment always produce torque pulsation. Butetlage The results of the measurements can be useful in
many types of motors, which produce torque pulsatio designing the motor frame and the constructiontsf i
spite of an ideal form of energy supply. These ar@ppropriate fixity. It was found to be appropriate
universal motors, single-phase induction motorsfcéw reinforce the vertical walls of the motor feet. édft
reluctance motors, step motors, vibration motaxs, Ehe  reinforcement, the experimental modal analysis was
frequencies of the electric motor vibration covewide repeated.
spectrum — from fractions of Hz to tens of kHz. The information obtained from the investigatiinthe
Vibrations produce noise and mechanical stresshén t structural responses of the electric motor will eak
structure of these motors. A reason for torquegtids ~ Possible to apply the modal analysis to other stect
can be a non-symmetrical power net. There are apecimachines.
and really dangerous voltage shocks from the poweéer
torque shocks produced by the driven equipment. An
electrical motor can be destroyed by these vibmatio  The induction motor (Firm MEZ 3~MOT. 4 AP 90L-4,
especially by torque shocks. There are reasonsutty st No 404844-0418, IP 54, IM 1081, 1.5 kW, 1410 /nfi@.
the mechanical quality of a motor, which is a caogied Hz, A/Y 230/440 V, ISOL.F, cop 0.82, 6.0/3.4 A,
system of form, whose parts are comprised fronedifit  98/11) with excitation in the net of the measurpaints
materials. of the structure was investigated (Fig. 1).

The concept of the modal analysis, introducediin The 72 points in total were chosen on the serfdahe
provides a natural foundation for the experimentatlal  motor frame; 56 of those were on the cylindricaitpn 7
analysis. When the data come from the measurd#ansversal planes with 8 points on the circumfegemt
response of the vibration structure (the frame hé t the upper part of the frame 8 points in 2 planes &n
electric motor), the relevant eigen values andoints at the feet (Fig. 2). Soft rubber in thecplaf the
eigenvectors of the state matrix may be interpreted feet supported the motor.
those of the underlying vibration system of theckleal The modal frequencies and mode shapes were
motor frame. If the nature of the excitation is Wmobut  determined by regression analysis from the estidnate
it is not measured, a mathematical description haf t frequency response function. Measuring point nunzer
system in terms of natural frequency, damping ratim  on the circumference of the' Iransversal plane of the
scaled mode shapes can be obtained. Furthermahe if cylindrical part of the enclosure was chosen adfittity
excitation is known or measured, the scaling ofrtfeele  reference point (Fig. 2).
shapes can be recovered to obtain a full massesprin The structure was excited at point 2 by an irhpac

hammer (Firm PCB) with a plastic adapter and with a

Il. EXPERIMENTAL SOLUTION



Transactions on Electrical Engineering, Vol. 3 (2p1Mo. 4 87

Piezoelectric force transducer 3086 Bo 1 sn 34&B P 309 A, PCB Piezoelectoronics. Measuring was peréorm
Piezoelectoronics. without moving the rotor. _Mod_e shapes were detgemin
At the other measuring points, the responses weii€m the computational animation of the frame muotio

measured by a releasable miniature sized accelezome

3

Fig. 1. Experimental modal analysis of a motor feafl — induction motor, 2 — fixityed measuringrpo3 — impact hammer with piezoelectric
force transducer, 4 — preamplifiers, 5 — A/D coteel6 — PC, 17 — migratory points with miniatuized accelerometer)

Fig. 2. The net of the 72 measuring points of aomfstame

At particular mode shapes of the motor framéwben 1. Shape — 319 Hz (spatial oscillation),
measuring point 17 — direction x and impulse eXicita 2. Shape — 362 Hz (torsion oscillation),
point 2 — direction x, significant peaks of thensger 3. Shape — 613 Hz (torsion oscillation),
function of frequency (Fig. 3) occurred at: 4. Shape — 2010 Hz (blowing),

5. Shape — 3479 Hz (bending oscillation),
6

Shape — 4300 Hz (blowing).
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Fig. 3. The frequency transfer of the motor fraraemeen points 17 and 2
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Fig. 4. The frequency transfer of the motor fedtieen points 69 and 2
It follows from the animation that the motor feé the Mode shapes were determined from the measurement

frame displacement have maximum amplitudes. In thpoints placed at the motor feet of the motor frame
frequency range below 50 Hz in the feet of the motorevolutions that correspond to the above mentioned
frame, between measuring point 69 - direction x andrequencies. The miniature piezoelectric acceleteme
impulse excitation point 2 - direction X, signifidgpeaks 309 A and the miniature accelerometer PCD 338 B SN
of the transfer function of frequencies 10, 23,886 45 2288, 94 mV/g ICP (at point 2) were placed at 8
Hz (Fig. 4) occur. Therefore, new measurements afeno measuring points (65-72). The motor was fixed oet fe
shapes in operation were performed. with screws to a steel plate with a mass of 60 kg.
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I1l. CONCLUSION

Any physical system can vibrate. The frequeneied 10 Hz — vibration of the feet around the overatitce of
the modal shapes which the vibrating system assamees feet, up and down in opposition,
properties of the system. The frequencies and mod&R Hz — vibration around the vertical axis,
shapes can be determined analytically using mod&5 Hz — vibration around the horizontal axis,

analysis.

Analysis of vibration modes is a critical compahof a
design, but is often overlooked. Structural elemenich
as the frame of an induction motor can be partitula
prone to perceptible vibration, thus disturbing sitre
equipment.

Inherent vibration modes in structural compogsent
mechanical support systems can shorten motor difi,

45 Hz - vibration of the feet around the overatitoe of
feet (up and down in an opposite phase).

It follows from the animation that the motor fdave
maximum amplitudes. The oscillation feet amplitudes
have maximum values in the range of revolutions
corresponding to the frequencies 10 Hz and 22 HierA
sudden relief, the feet can fail at those frequesci

The results can be useful for designing the mioéone

cause premature or completely unanticipated failureand for the construction of the appropriate fixity.is

often resulting in hazardous situations. Detailatigtie
analysis is often required to assess the potdptidilure
or damage resulting from the rapid stress cyclethef
vibration.

Operational deflection shapes at particular lkgians

appropriate to reinforce the vertical walls of tmetor
feet. After reinforcement, the experiment by waytloé
modal analysis was repeated. The animation infoomati
obtained from the investigation of the electric amot
structural responses will make it possible to appbtdal

corresponding to detected frequencies were deterhin testing to other electric machines such as transfos,

from computational animation of the frame (Figt®pe:

generators, etc.
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Fig. 5. The computer animation of the operatingoprties of the motor feet (at points 65 — 72)
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