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Abstract: Rotor and stator temperature are of concern in both short- II. ROTOR RESISTANCE IDENTIFICATION

term machine protection and in longer term condition monitoring for .

large induction machines. Especially, when operating with overload The method to be proposed is based on the proper
cycles, it is necessary to monitor rotor bars and stator wmdnﬁ?lecnon of coordinate axes, namely dhaxis of the rotating
temperatures to make sure that the temperature remains befb@me is set to be coincident with the stator current vector [5].
prescribed limits. The purpose of this paper is to present a thermal It is well known that an induction motor can be
monitoring technique, for induction motors steady-state operatiorepresented by the following differential equationsi-in axes
based on the rotor resistance identification. Experimental results, f§¢ed in the stato

a 4-kw four-pole squirrel cage induction motor, show the industrial

viability of the proposed technique.
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I. INTRODUCTION o Logm s oqte Reslig
The use of comprehensive monitoring schemes for
continuous assessment of the electrical and mechani®4ere
condition of rotating electrical machines is becoming
increasingly important. A successful condition monitoring (Ve
scheme on a machine would be capable of providing adequate s (iso)
warning of imminent failure of its critical components, both j (irg)
electrical and mechanical, and would enable preventive R (R)
maintenance and repair work to be scheduled. Parameters|g (L,)
presently monitored on induction machines include terminal
voltage, current, rotor speed, etc. The parameters so
monitored have been found capable of predicting and
identifying stator ground and interturn faults, phase failure,
stall, overload, bearing failure, rotor defects, shaft eccentricity Sr
but with varying degrees of success as summarized in [1-4].
Rotor temperature is given considerable importance in the
design and protection of machines but has been left out of the Equation (1) can be transformed as follows: we make the
conventional as well as the recently developed monitorirfjaxis coincide and synchronously rotate with the stator
schemes. The function of a temperature monitor is taken oHrent vectots. Thus it can simplified as
by other secondary monitoring systems. One obstacle appears
to be the difficulties in accessing information from the rotor

d-axis (@-axis) stator voltage

d-axis (@-axis) stator current

d-axis (@-axis) rotor current

per phase stator (rotor) resistance
per phase stator (rotor) inductance
per phase mutual inductance
supply frequency

slip frequencypy = ws — o

rotor frequency

time derivative operator.

while the machine is in normal operation. The availability of Vsd-‘ { —0glg M —wogM -| Is
continuous temperature profile across the rotor can contrlb || sLs R+ss oM | 0
much to a comprehensive condition monitor. “ogM R+sl, —ogl iy | (2)
This paper describes an electrical model of the mducui{3 J L 5' s JtrdJ
motor and the process by which the rotor resistance in t ogly  R+sk [l

model is estimated from measurements of stator voltage,

stator current, stator excitation frequency, and rotor speed.

This is the basis for thermal monitoring of the induction In the case of steady-state operation, the following
motor steady-state operation. equation could be derived from (2).
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— Acquisition of the stator voltage, current, and motor
speedyis, Vo, Vag; 1, ios, 135 @andoy, = oy /p.

Computation of measured voltages and currents Park
componentsis,, Vsg, andis,, iss.

— Computation of the reactive pow@rby (6).

— Identification ofR, by using formula (7).

Considering the last three rows of (3) and solving the

resulting equations system, we get
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R = |~og42L, V. +L, (4)

e

To avoid time-consumed computations related-tpPark
transformation, electrical quantities are expressed irutfe
axes fixed in the stator (Fig. 1). In this case, we get

iji&—J&} (5)

(6)

Using the simplified Park matrix to combine (5) and (6) ivahereRm andR,,

[ll. INDUCTION MOTOR THERMAL MONITORING

It is easy to monitor rotor temperature from its resistance
identification and then its temperature dependence, which is
given by

R=R, [1+aAT] 8)

where R, = resistance at reference temperalyre 25°C
o = resistance temperature coefficient
AT = temperature increase.

The proposed identification method is unfortunately
unable to identify the stator resistance. To overcome this
problem, two approaches could be used. The first one
corresponds to EDF (French Electricity Board) expesgen
which states that the rotor temperature is 10°C greater than
the stator one [6]. The second approach is based on Kubota
work in [7]. In this case, the stator resistance is deduced from

R=kR; k=-_% (©)

are the nominal values of stator and rotor

(4), we obtain a more suitable expression of the rotQLgistance as given by the machine manufacturer.

resistance.
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We can now summarize the identification procedure of the Stator currentss, I2s, I3s

rotor resistance as:

Fig. 1. Phasor diagram of stator voltage and current.

The concept of estimating rotor temperature by back
calculation from the motor slip is not new to machine
designers. What is interesting in the proposed technique is the
simple equation (7) for arriving at the rotor resistance. The
principle of the proposed thermal monitoring technique is
then illustrated by Fig. 2.

Acquisitions
Stator voltage¥is, Vzs, Vas

Motor speedom = wr/p

Y

Computations
Park voltage¥s, Vsp
Park current$sa, |

Y

Computation
Reactive powe® using (6)

Y

I dentification
Rotor resistancir using (7)

Y

Thermal Monitoring
Rotor Temperaturdr using (8)
Stator Temperaturd@s using (9)

Fig. 2. The proposed induction motor thermal monitotéahnique.



IV. SIMULATION RESULTS Figure 5 shows a quite good identification of the rotor

The proposed identification technique has been simulatl'a“%lﬁistance profile.
on a 4-kW four-pole squirrel cage induction motor which

ratings are summarized in the appendix. The motor model is V. EXPERIMENTAL RESULTS
represented by (1) as well as the following mechanic@l Experimental Benchmark
equation.

The proposed thermal monitoring technique has been
. D 3 M/ . o | tested on 4-kW squirrel cage induction motor with dc
Op=—"0Op+_ p_('sB o — sy 'rﬁ)__ (10) generator coupled on its shaft. Figures 6 and 7 show a view
J 2 J J X S .
and a schematic description of the experimental set up.
where D (0.001 Nm:-s) is the viscosity resistancé,(0.024
kg:m?) the total inertiap the pole pairs number anf the

load torque. 5
The validity of the proposed identification technique is
well verified by simulations as illustrated by Figs. 3 and 4. 4
These results are obtained for a light load condition at 1482 g | | i ‘
rpm, where the identified resistanceRis= 1.45Q comparing o3 1 Simulated rotor resistance |
= | ; ;

to the real valuer, = 1.44Q and for a load torque at 1460
rpm, where the identified resistanceis= 1.44Q.
Moreover, the identification method has been tested for a 1T

Real rotor resistance

specific case where the real rotor resistance is given an
exponential profile. 0 i i i i i
0 0.5 1 1.5 2 25 3
Time(s)
_ ol
Rr(t)_ R0+(1 € ) (11) Fig. 5. Exponential profile rotor resistance idenéfion.

whereRq = 1.44Q).

10

0 05 1 15 2 25 3 Fig. 6. View of the experimental set up.
Time(s)
Fig. 3. Rotor resistance identification for a loadresponding to 1482 rpm.
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Fig. 4. Rotor resistance identification for a loadresponding to 1460 rpm. Fig. 7. Schematic description of the experimental set up.




B. Experimental Results

Figure 8 shows experimental results of the rotor resistance
identification for a load corresponding to 1482 rpm. Then,
Fig. 9, as for Fig. 8, illustrates specific identification
processes of the rotor resistance for 1460 rpm, where each
curve corresponds to a resistance identification done 5 min
after the previous one; from the induction motor starting until
one hour operation. These figures illustrate clearly that the
identification process is quite satisfactory.

The identification process convergence has been
experimentally tested by varying the rotor resistance initial
value (4,- 4, 12, and- 12 Q). As illustrated by Fig. 10, the
identification process converges quickly and independently of
the rotor resistance initial value.

The results of rotor temperature estimation, using (8), are
illustrated by Figs. 11 and 12. Estimated rotor temperature is,
in this case, in good agreement with induction machine
classical theory. In fact, one should note that the magnitude of
the temperature differential increases with the load level.

More, for the thermal monitoring of the induction motor
(rotor and stator), we have used (9) to estimate the statot
temperature: this is in a good concordance with [6].
1.4
Rr identification after 1 h operatiol
1.2~ i
1 }-----#f----i- Rridentification after 5 min operation
0B
E i |
e L O e e
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Fig. 8. Rotor resistance identification for a speetl482 rpm.
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Fig. 10. Convergence of the identification process.
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Fig. 11. Estimated rotor temperature for a load corredipgrto 1482 rpm.
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Fig. 12. Estimated rotor temperature for a load corredipgrto 1460 rpm.

VI. CONCLUSION

The viability of induction motor thermal monitoring using
only rotor resistance identification has been investigated.
Experimental results, for a 4-kW four-pole squirrel cage
; ; ; | induction motor, show the industrial feasibility of the
0.2 04 06 08 y proposed technique. However, extensive experimental studies

Time(s) are necessary to full assess usefulness of the proposed thermal
Fig. 9. Rotor resistance identification for a speedi4f0 rpm. monitoring technique for larger industrial machines.



Apart from its benefits as a rotor condition monitor for

induction machines on a long-term basis, such a technique can

be an effective tool for machine designers and protectic
system designers, who are concerned about induction mact
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APPENDIX

PARAMETERS OF THE MACHINE UNDER TEST

Rated values Power 4 kw
Frequency 50 Hz
Voltage 4/Y) 220/380 Y
Current 4/Y) 15/8.6 A
Speed 1440 rpm
Pole pairg) 2

Constants Rs 1.150 Q
R 1.440 Q
| 0.013 H
M 0.143 H
o (Cu or Al) 0.004 1/°C
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