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Abstract: This paper presents a novel method for broken bar fault detection in three-phase
induction motors. It is based on Set Membership Identification (SMI), and a novel proposed
boundary violation conditions based fault detection techniques in the case of one broken bar
at full load condition. The model of the three-phase induction motor is presented by the qd
model and as well the adopted on ARMA model representation of the motor transfer function,
for the steady-state operation (healty case). While at the same time safety bounds for the
identified variables are being provided, based on an a priori defined corrupting additive noise.
Based to the author’s best knowledge, this is the first time that a system identification scheme
based on SMI has been experimentally verified and analyzed in the field of fault detection in
induction motors. As it will be presented the proposed scheme can detect the fault in due time
after the fault occurrence, while the method is being applied online, and it is tuned based on
the characteristics of the motor under study. Detailed analysis of the proposed approach as
also extended experimental results are being presented that demonstrated the efficiency of the
proposed scheme.
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1. SET MEMBERSHIP IDENTIFICATION

Condition monitoring of induction motors is an important
technology for online detection of incipient faults and
that may be used to great advantage in industrial pro-
cesses. on the other hand fault detection leads to reduction
in maintenance cost and prevents unscheduled downtime
which means increased system availability. Asynchronous
machines play a prominent role in industrial settings due
to their advanced safety, efficiency, reliability, and perfor-
mance Ondel et al. (2006). Set Membership Identification
(SMI) refers to a class of techniques for estimating pa-
rameters of linear and non linear systems Milanese and
Novara (2004); Deller (1989). The presented SMI tech-
nique is based on the Weighted Recursive Least Squares
(WRLS) with a forgetting factor λj(t) for identifying the

θ̂j motor’s parameters. All the details of the model of the
induction motor are presented in Mustafa et al. (2013).
The adopted ARMA model representation of the induction
motor’s transfer function, from the input vqs to the output
iqs can be denoted as:

iqs
vqs

=
Tqs,1z

m−1 + Tqs,2z
m−2 + .......+ Tqs,m

zn + Fqs,1zn−1 + .......+ Fsq,n

The identified parameters’ vector θ̂j(t) contains the cor-
responding coefficients of the selected ARMA model and
can be defined in the general case as:

θ̂qs(t)
T = [Fqs,1(t), . . . , Fqs,n(t), Tqs,1(t), . . . , Tqs,m(t)](1)

where n, m ∈ Z+ are the orders of the numerator and
denominator for the considered transfer function. The
additive measurement noise is assumed to be constrained
by a priori defined bounds γj ∈ <+, which can be defined
as:

γj ||ej(t)||2 ≤ 1,∀ t
The overall recursions for the implemented SMI algorithm
can be summarized in Table 1. In the SMI approach the
uncertainty description is evolving with the time, as the
better the convergence of the parameters is, the smaller
these bounds become, while as a fundamental property
in SMI Deller (1989), these bounds cannot be less than
the assumed or computed range of noise corrupting the
measurements.

2. FAULT DETECTION CONDITIONING AND
EXPERIMENTAL RESULTS

The experimental setup consisted of a three phase in-
duction motor, a DC generator as a load and a Data
Acquisition (DAQ) instrumentation. The Portable DAQ
device from National Instruments (NI) was used to mea-
sure and collect the three phase stator currents under
motor conditions. The LabView program has been used to
develop the data-acquisition routines. The characteristics



Table 1. The algorithm of SMI based on the
Weighted Recursive Least Squares

Step 1: Calculate Φj(t)
Step 2: Calculate the optimal value of λ∗j (t)
by calculating the maximum positive root
of the following equation:
Fj(λj(t)) = α2,jλj(t)

2 + α1,jλj(t) + α0,j
where:
α2,j = (`+ n− 1)G2

j

α1,j = (2`+ 2n− 1 + γj e
2
j )− ξj γj Gj)Gj

α0,j = (`+ n)(1− γj e2j )− ξj Gj γj
ξj(t) = ξj(t− 1) +

λj(t)
γj
− λj(t) ej

1−λj(t) Gj

Step 3: Perform the following recursions:
Pj(t) = (I −Kj(t) ϕ

T
j (t))Pj(t− 1)/λj(t)

Kj(t) = Pj(t− 1)pj(t)(λj(t) + ϕTj (t)Pj(t− 1)ϕj(t))
−1

Step 4: Update the identified parameters:

θ̂j(t) = θ̂j(t− 1) +Kj(t)(yj(t)− ϕTj (t)θj(t− 1))
Step 5: Update uncertainty bounds:
σj(t) =

√
diag(Pj(t))

Step 6: Calculate:
ej(t) = yj(t)− ϕTj (t)θj(t− 1)
Gj(t) = ϕTj (t)Pj(t− 1)ϕj(t)
Step 7: Goto Step 1

of the motor under study were: 4 poles, 1.1Kw, 380V,
50 Hz, rated power, 1410 rated speed, and 2.75A rated
current. For the broken rotor bar cases, the motor had
been artificially damaged by drilling a hull in the rotor
bar.
The proposed fault detection scheme is being presented
in Figure 1, and it will be online applied to induction
motors, under healthy and faulty operations. In the case of
a broken bars fault occurrence, the values of the identified
parameters will be characterized by a jump and a drift
from the converged nominal values of the healthy motor.
This jump has a direct effect on the updated parame-
ters bounds,as after the event of the fault the following
calculated uncertainty bounds will exceed the previous
calculated bounds in the healthy case, while this situation
is a direct indication of a fault occurrence.

Fig. 1. On Line Fault Detection Conditions

In the sequel, a fault occurring at the time 1.1e3 sample
instant will be considered. In the examined cases, the
proposed conditions will be applied after the convergence
of the SMI scheme. Due to a fault, the values of the
identified parameters will drift, which affects the proposed
conditions for fault detection. This situation leads to dif-
ferent types of bounds violation events at different time
instances. Regarding the responses of the fault detection
conditions, it should be mentioned that in the presented
results, a faulty case is equal to a true value (1), while
a healthy case corresponds to a false value (0). As an
example, in the case of one broken bar the Fqs,1, Fqs,2
identified parameter is being considered in Figure 2, the
violation of the lower uncertainty bound occurs at 1.22e3

samples for the Fqs,1, while for the Fqs,2 identified pa-
rameter, the bound violation takes place at the upper
uncertainty bounds at the 1.27e3 sample instance. Our
proposal scheme is efficiently examined in the case of two
and three broken bars.
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Fig. 2. Fqs,1, Fqs,2 and corresponding uncertainty bounds
in healthy and 1BB faulty case with corresponding
time responses of the proposed SMI based fault de-
tection conditions

As it can be observed from Table II, the established
SMI based bound violation scheme provides an accurate
mechanism for detecting the broken bars fault occurrence
in an induction motor.

Table 2. Summaries of time uncertainty
bounds violation of the identified parameter

for all faulty cases

Parameters Tv of Tv of Tv of Tv of
Fqs,1 Fqs,2 Fqs,3 Fqs,4

1 Broken bar 0.12e3 0.17e3 Non 0.345e3
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