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Broken Bar Detection In Induction Machines
Using ADC 42

Krstevski Toni

Abstract — This study describes broken bar detection in
induction motors before actual breakdown occurs in purpose
maintenance to be predictable. It is based on sampling stator
current on motor with high resolution A/D converter (ADC 42),
and three phase current waveforms are analyzed using Fast
Fourier Transformers (FFT).
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I. INTRODUCTION Current

Squirrel-cage induction motor is low priced, robust and
rugged, simple and easy to maintain, it has become the most
commonly used electrical rotating machine in industry. So,
the need for detection of rotor faults as in rotor bar or in end-
ring become increasingly important. Defect in rotor will result
in a high resistance which will overheat that area, so cracking
or small hale may than occur in rotor bar [4]. It is known that
rotor bar and end-ring faults yield asymmetrical operation of
induction machines causing unbalanced current, torque
pulsation, increased losses and decreased average torque.
Vibration analyses, thermal analyses and current spectrum
analyses have been applied to monitor rotor bar faults, Fig. 1. Rotor cage equivalent circuit
focusing on current spectrum analyses as the current signal is

easily accessible for induction motor. In industry however, . , 1
. . . . v, =ris + pls —@,A° (D
low cost and high sensitivity of motor diagnostic system is ds — 's'ds ds — “e’qs
highly demanded. — i;s ey (2)
II. MODEL OF ASYMMETRIC ROTOR OF INDUCTION v =0=ris, + pAs, — (@, ~0,) A, 3)
CAGE MOTOR
Var :O:rsi;r+pﬂ;r_(we_wr)ﬂ§r @)
For the purpose of analyses, each rotor bar and segment of
the end ring is replaced by an R-L series equivalent circuit A =L i +L, (i;Y +z§r) ®)
representing the resistive and inductive nature of cage. Such
an equivalent circuit is shown at Fig. 1. Assuming the rotor of /1; = L/si;s +L, (i;Y + i;r) ©)
squirrel- cage induction machine to be symmetric, an
gquivalent model of a yvound - rotor machine may be obtained A, =L,i5 +L, (i[‘jY + isr) %)
in synchronously rotating dq reference frame [2] and [3]: g
A, = Lyis, + L, (16, +i, ) ®)

Where:
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T, -torque;

15 - equivalent stator resistance;

1, - equivalent rotor resistance;

Lj - equivalent stator leakage inductance;
L, - equivalent rotor leakage inductance;
L., - equivalent magnetizing inductance;
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In many studies such as the work of Krause [5], is
convenient to express the voltage and flux linkage equations
from Eq. (1) to Eq. (8) in terms of reactance. From this
studies determination of torque, in synchronously rotating
reference frame is made with neglect the time rate of change
of all flux linkages and then employ the relationships:

V2 Fu = Ff - jF, ©)

V2 Far =~ jF;, (10)

Torque can be expressed in terms of currents in phasor
form by first writing the torque in terms of currents in the
synchronously rotating reference frame and utilizing Eq. (9)
and (10) to relate synchronously rotating reference frame and
phasor quantities. The torque expression becomes:

i, - real part of the rotor current space vector;
i, - imaginary part of the rotor current space vector;

3.0 - Zero sequence components of the rotor current space
vector;
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The T transformation is generated from a very simple

Tezs(ﬁj " AR, | jlas Lar
2 )\ o,

where:

(1)

algorithm. The first two lines from Eq. (17) correspond to n-
phase dq transformation, plus a constant. Since the vectors
formed by the two lines are linearly independent, the null
space of this 2xn sub-matrix has a dimension (n-2). A base for
the null space is defined by (n-2) linearly independent vectors

oy 18 base electrical angular velocity used to calculate the
inductive reactances;

%

Ias is the conjugate of 145 ;

The vast majority of singly excited machines are the
squirrel cage rotor type, where :

Z such that Ty -Z =0. Taking 0 equal to zero, for simplicity:

4
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From [1], [2] and [3]:
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where:
Substituting Eq. (12) into Eq. (11), yield:
, 2 (14)
X ~
3[PJ Q| X )1 |17
2\, )\ @, )| s
e = \ 2 2
where the slip s is defined:
w,— @, (15)
s =
[0)

In general all n-loop rotor current (i, ij,..., i, ) are mapped
into a n-dimensional vector space. This new space vector is

defined by the transformation matrix T such that:

where:

(16)

380

73, Z4,..., Zn, can be arbitrary chosen. Making z;=1 and z,=
Zs=... 2,=0 z3; and z3, are determined, resulting in third vector
of the null space:

I:Z31 ey 1 0 . . . 0:'

Taking z,=1 and z3= zs=... z,=0 z4; and z4, are determined,
and the fourth vector of hull space is calculated as:

(20)

[z 2o 01 . . . 0] (21)
The rotor current complex vector (i, ) is computed from the

symmetric model. With i, referred to a rotor fixed reference

frame, the n- loop currents (ij; ) are then computed as:

(22)
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Let assume that kith bar is broken. The null current through
this bar is obtained by modifying the n-loop rotor current
vector according to:

_ _ In (23)
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III. INSTRUMENT DESCRIPTION

According on mathematical model that is represented above
for the expectation is to have increasing of the amplitude of
sideband components, while other harmonics maintained their
amplitude when some bar of the squirrel - cage induction
motor is broken. For the purpose to show that, stator current is
measured on the terminals of the motor with broken bar and
FFT analyses are made. Analog to digital converter is used
(ADC 42) that is shown on Fig. 2, with characteristic which
are given in Appendix I.

Fig. 2. Analog to digital converter (ADC 42)

For measuring stator current of the motor is used digital
clump meter, shown on Fig. 3 which pick up the current
flowing through the conductor. Technical specifications of
clump meter are given in Appendix II.
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Fig. 3. Digital clump meter

Because measured current on transformer jaws is with
small velocity it was necessary to amplify the signal so the
ADC 42 could measured. An electronic device as amplifier
was made and its electronic circuit is given at Appendix III.

IV. EXPERIMENTAL RESULTS

It was used 3 phase induction motor from SIEMENS type
1LA 3106-4AA21-Z with characteristics that are given in
Appendix IV. Also, Pico Scope Software application [6] is
used. Fig. 4. shows the current frequency spectrum with the
motor in healthy conditions. Some harmonics are visible in
the measured current spectrum, with emphasis on the third,
fifth and seventh harmonics, caused by inherent asymmetries
of three phase windings. Besides that, the sideband
component at frequency (1-2s)f. can also be seen, which is
caused by inherent asymmetries of the cage. Fig. 5. shows the
harmonic current spectrum for broken bar. It is notorious the
increase in the amplitude of the sideband components, while
other harmonics components maintained their amplitudes. Fig.
6. shows the broken bar of the squirrel - cage of induction
motor.
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Fig. 6. Broken bar of squirrel cage of induction motor

V. CONCLUSION

In this paper, is given mathematical model of classical
fourth-order transient model of symmetrical induction
machines, with additional computation limited to the
transformation of the rotor current vector to a rotor fixed
reference frame. Also are made measurement on stator current
on motor with healthy conditions and with a broken bar.
Experimental results show increasing of amplitude of
sidebands components and theoretical mathematical model
confirm that.

APPENDIX I

ADC 42 Characteristic

Resolution 12 bits; Channels 1 x BNC; Voltage ranges +5
V; Overload protection +30 V; Input impedance 1 MQ;
Sampling rate 15 kS/s; Accuracy +1%; Scope time bases 500
ps/div to 50 s/div; Spectrum ranges 0 to 7kHz, 65 dB dynamic
range; Analog bandwidth 7.5 kHz; Buffer Size- No buffer;
Power supply-Not required; Dimensions 55x55x15mm
(2.17x2.17x0.6 in); Output connector D25 to PC parallel port;
Supplied software Pico Scope; DOS and Windows (3.x,
95/98/XP, NT/2000);

APPENDIX II

Technical specification of Clump meter
e Max. Voltage between terminals and earth ground:
600 Vrms,
Operating principle: dual slop integration,
Sample rate: 2 times/ sec for digital data;
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APPENDIX IV

3 phase squirrel-cage induction motor from Siemens, type:
1LA 3106-4AA21-Z; IEC 100L;

Nr. E6482 1169 04 012; B5 IP 54; Rot KL16; 220/380 V;
AY; 9/52A; 22kW; ICLB cosp 0.82 ; 1415/min;
50Hz; VDE 0530
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