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Abstract. This paper presents some of the results obtained

upon the experimental study of the behaviour ofr@agtype
mechanical shaft driven by an induction electricchiae. The
main focus of this paper will be on the mechanieaponse of
the set, based on the measurement of a number dfamieal
variables and its integration in well-known mecitahimodels,
allowing a more accurate estimation of the actaahmeters of
the prototype machine. The results thus obtainedtcan be
used to test the theoretical models, estimate nmécdla
parameters more accurately and generally increaswlkdge
on the mechanical response of the prototype set.
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1. Introduction

This paper presents some of the results obtained the

experimental study of the behaviour of a prototype

mechanical shaft driven by an induction electrichiae.

The main focus of this paper will be on the mecbtalni

response of the set, based on the measurement of a

number of mechanical variables and its integrafion

well-known mechanical models, allowing a more
accurate estimation of the actual parameters of the

prototype machine.

The results thus obtained can then be used tothest
theoretical models, estimate mechanical parameters

accurately and generally increase knowledge on the

mechanical response of the prototype set.

2. Laboratory equipment

In order to study the influence of the electric gypto

the motor on the overall behaviour of a mecharlmadi,

a specially designed, dimensioned and built ongesta
inertia flexible rotor (OSIFRO) set was used. This
provided a simple mechanical load with a well-iti@nd
well-known) dynamic model with which to work. Figas

1 and 2 show a view of the OSIFRO model and a
representation of the rotor shaft on the bearings::

Fig. 1. A view of the OSIFRO

To drive the OSIFRO, a 0,37 kW squirrel-cage inturct
machine was connected using a three-phase inppitfput
15 kVA programmable AC power source from California
Instruments, which provided perfect voltage sinesega
of a range of amplitudes and frequencies.
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Fig. 2. A representation of the flexible rotor
shaft on the bearings
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The OSIFRO mechanical load is constituted by a
flexible, non-linear (keyed) rotor with a cylindaic
inertia. This mechanical load is intrinsically $itty
unbalanced, and adequate correction masses catubd a
to balance the rotor.

This work required a number of electrical and medatal
guantities to be measured. In order to acquire and

accommodate the several quantities to be measared,
PC-based, high-precision data acquisition card weasl,

along with voltage and
proximity

current active probes,
accelerometers, inductive sensors and a

keyphasor.

Fig. 3. One degree of freedom Jeffcot model for
the flexible rotor over rigid bearings
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Fig. 4. Natural frequency for the OSIFRO
obtained from the Jeffcot model
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Figures 3 depicts the one degree of freedom Jeffcot
model for the flexible rotor over rigid bearingsnda
figure 4 shows the corresponding modelled natural
frequency.

3. Experimental testsand results

In order to study the behaviour of the mechanioaldl
connected to the induction motor, a number ofgria¢re
devised and performed, and the main results are
presented in this section.

Firstly, the rotor had to be balanced using thehames$
described in [2] and applied in [1], so that thessing of
the natural frequency of the OSIFRO would cause a
lesser strain on the shaft and bearings of the mach

With this process completed, a thorough frequenaep
was conducted, for both natural response and forced
response.

Figures 5 a) to c) depict the unforced frequenspoese,
with a starting point above the main resonance; the
machine is then left to free-wheel stop, sweepimgugh
all frequencies (including the main resonance) lugb
keyphasor signal; green and red — distance tolthi m

the x and y directions of figure 3)
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Fig. 5 a) Unforced frequency response for the OSIFRO
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another, smaller sub-harmonic resonance, which is eof
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sweep, making a >180° sweep when crossing the main phase polar plot is sketched, evidencing the aabita

"""""""""""""
frequency points are signalled.

Figure 6 depicts the mechanical vibrations freqyenc

response of amplitude and phase:
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(eqg. 1), whereas;bbtained from the expected natural
frequency and the remaining frequencies throughd¥q
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The parameter obtaining and mathematical manimulati
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- F d A . are clearly out of the scope of this paper.
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| 7 — Applying a linear regression in the area correspuntb
ol ;\,Q 275 the main resonance, it is possible to obtain thisroved
S aacl ot » estimate of the natural frequency, as depictedyinmé 9:
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Fig. 7) Phase-amplitude polar plot of mechanichfations
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4. Parameter fitting o
013
In the following section the correlation betweere th 012
theoretical and the experimental rotor orbit wile b .
computed to extract the actual dynamic parametera f 011
theexperimental orbit. This will allow the building !
more accurate rotating machine Jeffcot model. 01t 13 T TE TE 3
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Since the rotor is not linear, the Jeffcot modelnat
expected to produce a very accurate estimatiorhef t
natural frequency and remaining dynamics parameters

Fig. 9) Linear regression of the main resonance zdrfig. 8

This results in a new natural frequency of
Therefore, in order to approximate more accuraizhg

using the fact that several characteristics arpgmnal 1 e ]
in a small window, a plot was sketched to evaluhte wo = wn === = 25.30 [H2]
B o v1+Q
natural frequency, which is shown in figure 8: 3)
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In this paper a number of dynamics studies and

ey | parameters are performed, in order to improve the

g L _ knowledge of the dynamic behaviour of the OSIFRO
= machine. The conclusions drawn and the methods used

0.4 r T can then be also used for other machines, incluldirger

sl | scale machines.

In terms of the mechanical models and remainingrthe
that governs these processes, they were observedsn

of the phenomena, though there are, as usual, some
discrepancies due to model simplifications or utaiety

in some of the input parameters.
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Fig. 8) Plot relating vibration amplitudes and fieqcies, in
order to evaluate the actual natural frequency raocerrately

The use of the new approach referred in section 4
allowed a further improvement, allowing a relevant

. . correction of the predicted natural frequency.
Z; corresponds the inverse of the fraction between P d y

observed and maximum amplitude, for each frequency



One other point to be made is that for the glob&dtmg
machine the frequency is slightly lower due to the
‘addition’ of the asynchronous motor inertia tottbathe
mechanical shaft.
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