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ABSTRACT—Switching Devices (IGBT) used in Pulse Width Modulation (PWM) Voltage Source Inverter
(VSI) feeding an induction motor often suffers from different types of faults due to ageing or performance in
unfriendly environments. These faults which are caused due to improper contact points, problematic solder
joints, poor connections etc are often less severe at their initial stages. Different variations of the above
mentioned faulty cases in a PWM VSI driven induction motor are simulated in PSIM software and results
are diagnosed to estimate condition of the inverter. Three phase line currents feeding the motor are
recorded and transformed to d-q reference frame using Park’s Transformation for further analysis. From d
and g current components thus obtained, the PVMs and PVACs are computed. Applying Continuous wavelet
Transform on PVACs certain features are extracted which are helpful to distinguish healthy condition from
faulty situations and segregates different cases of individual faulty IGBTS.
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I. INTRODUCTION

IGBT based PWM-VSI motor drives are the most commonly used drive system in industries because of
high current and voltage abilities of their power switching devices. But excessive electrical, thermal and
environmental stresses during their operation can cause failures of these IGBT based drives. Early, reliable,
and accurate identification of faulty components of drive module enables speedy repair and maintenance
leading to large cost savings for industries.

IGBT faitures can be broadly classified as open-circuit faults, short-circuit faults, and intermittent gate -

misfiring faults. Total open circuit faults or partial open circuit faults are caused due to breakage of bonding
wire because of thermal overheating or driver circuit malfunctioning [1, 2]. Spurious resistance arises in
series with components at their terminals when cases of partial open circuit faults appear. These types of
faults normally remains undetected and it leads to severe failure in other components such as overstressing
of IGBTs and lead wires creating torque ripples in induction motor output [2, 3, 4]. It is thus important to
study the effects of such faults in drive modules and find out ways to identify them.

Fault data in the form of phase voltages, d-q phase currents, obtained from model-based techniques [5]
have been used to extract different features, which are implemented in expert systems [6] to diagnose and
identify the faults. Stator Mean Current Vector is another approach used by authors of [7] to determine a
pattern from where faulty IGBTs can be detected. Uses of a three-layer wavelet-neural network for
identification of faults in inverter were reported in [8, 9].

In the present work, PWM -VSI driving an induction motor has been simulated in PSIM software by
incorporating six types of faults into it. Each case is related with respective IGBTs having a resistance in
series at their terminal aroused due to poor contacts. From the current signals obtained from faulty cases,
Park’s Vector Modulus (PVMs) are computed and features are extracted using CWT techniques to identify

different types of faults.
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VSI SYSTEM UNDER STUDY.
Fig. 1 shows the PWM-VSI scheme which is under investigation.
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Fig. 1. PWM-VSI scheme under study

Comparing with a practical induction motor of 1.5 KW, 440V rating, the setting of the parameters are done
in the simulated scheme. Those setting are given in Table | and Table Il respectively. One of the simulated
faulty cases dealt in the present study are shown in the Fig. 1. As an example, the spurious resistance R3
caused due to improper soldering or due to aging is shown in series with IGBT T3. This brings distortion in
the three- phase line currents
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7

CONTROL CIRCUIT

TABLE I. PARAMETERS
Volt
Setting of  control | age
circuit Frequency
(peak)
Reference Sinusoidal
0.8V B0 Hz
Voltage
Triangular Waveform
1v PKHz
(PWM Carrier)
MOTOR
TABLE II. PARAMETERS
Motor parameter Values
Voltage 440V
power 1.5Kw
current 3.3 amp
Speed 1432 rpm
2.294
Stator resistance ohm
Stator inductance 0.139H
2.156
Rotor resistance ohm
Rotor inductance 0.0074 H

Similarly, other cases with poor drain terminal soldering of IGBTs and respective arousals of spurious

resistance are listed in Table II.
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TABLE CASES UNDER

Il STUDY
Fault in drainResistance
Case | terminal representing
Stud | soldering inffaulty
y IGBT
IGBT terminal
A T1 R1
B T2 R2
C T3 R3
D T4 R4
E T5 R5
F T6 R6
H Healthy

When these types of apparently innocent faults occur, the protective devices are not triggered. However,
the three phase line currents become unbalanced and non-sinusoidal, indicating the presence of DC offset
components in the output of the drives. Then the motor generates oscillating torque resulting in premature
wearing of different mechanical parts such as shaft, bearings and so on. At the same time, the power
switches in the drives and their respective terminals also falls under stress situation leading to further
unpredictable failures. Fig. 2 shows the three-phase output current signature of the PWM drives when due to
poor soldering or aging problem, a spurious resistance R3 has developed in the drain terminal of IGBT T3.

current(amp)
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time(sec)

Fig. 2. Three phase line currents due to resistance in drain terminal of T3

I1l. BRIEF THEORY OF PARK’S TRANSFORMATION AND PARK’S VECTOR
MODULUS

Using Park’s Transformation approach, Induction motor three phase phenomena are converted to two

dimensional (2-D) representations. Normally Induction motor PWM —drive does not have any neutral wire

connection. Therefore, homo -polar components do not exist in the line. Then the 3-phase stator current

equations are reducible to a set of two appropriate variables in a 2-phase reference frame (called the dg-
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reference frame) [10]. The main phase current variables (Ia, Ib, Ic) are converted to Park’s vector
components (Id, 1g) using functions as represented in (1) and (2).

P o

3
Idla —slb— ¢lc

T

Park’s Vector Modulus (PVM) are then computed as

PVYM & 1d2 0 Ig? (3)

Analyzing the PVMs corresponding to the motor current signatures under different faulty conditions
caused due to presence of spurious resistance at terminals of IGBTS, the affected IGBT can be identified.

IV. ANALYSIS OF EXPERIMENTAL DATA

PVMs are computed using (3) for all the different faulty cases including the healthy case and plotted as
shown in Fig. 3. From the figure, it is revealed that PVM plots have DC components superimposed by AC
components. An ideal PVM plot of the stator current signature for a healthy case should have only DC
component without any AC components. However, when faults occur a dominant AC component
superimposes on the DC part along with some less dominant ripples [11].
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Fig. 5 and Fig. 6 shows the CWT spectrum of 5""H‘§é|thy and faulty case (IGBT T3 having spurious
resistance R3) obtained by applying the tools on corresponding PVACs signals. The translation values are
taken as same value as that of no of data samples within one complete cycle. The multiple clusters of peaks
shown in Fig. 5 are subdued and only a single significant cluster appears in Fig. 6.
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Fig. 3. PVMs corresponding to different cases as mentioned in Table-I11
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From the PVMs plot, the DC component is eliminated and only the AC parts are kept as shown in Fig. 4
and this plot is hereafter named as PVAC.
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Fig. 4. PVACs corresponding to different cases as mentioned in Table-111

A. Time Frequency Domain Analysis

The non-stationary and periodic nature of the PVAC plots shown in Fig. 4 inspired the application of
Continuous Wavelet Transform tools [11, 12]. The wavelet transform [13] of a function f(t) with respect to a
mother wavelet ¢ is defined as

Wi £(6,2) © 1 (09 va (0 @
—a

Where ¢ ba ()1 t-b

- TR RN
% a

The parameters b and a are called translation and scale parameters respectively. CWT plot of a time
domain signal spreads over three axes, the x-axis represents position along the signal (time or translation),
the y-axis represents scale (inverse of frequency), and the CWT coefficients are along the z-axis.

Fig. 5. CWT spectra with healthy condition
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Fig. 6. CWT spectra with IGBT T3 having a spurious resistance

B. Feature Extraction

The CWT spectra obtained shows the presence of several peaks having different translation, scale and
coefficient values. These three parameters are important features to distinguish between healthy and faulty
cases and to classify different faulty cases. Efficient clustering of fault features are enabled by dividing the
entire range of CWT spectrum into three zones: low scale (high frequency), medium scale (medium
frequency) and high scale (low frequency).

From the observation of the spectra it is determined that high scale zone is taken above scale value 90
and medium scale zone is taken between scale value 20 to 90 and scale value lower than 20 is taken as low
scale zone. From Fig. 5 and Fig. 6 it is observed that global peak appears only at high scale zone for both
healthy and faulty cases. But there are certain features that discriminate healthy from faulty situation.

» The global peak for healthy case has a much low coefficient value than the faulty cases.

» The scale value for global peak for healthy case is much high compared to that of the faulty cases
though both the scale values fall in the high scale zone.

» For healthy case, in the mid-scale ranges, there are multiple clusters of peaks over the entire
translation range (Fig. 5). But for faulty cases one significant cluster of peaks is observed at a
particular region of translation values (Fig. 6). As shown in Fig. 7, there are four prominent peaks in
the cluster mentioned above.
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Fig. 7. Four dominant peaks in the medium scale region of CWT plot of PVAC for faulty situation in IGBT
T3

Spurious resistances with values between 95 Q to 105 Q are simulated for each of the faulty cases and
the corresponding coefficients of these four peaks are noted from CWT analysis. The coefficient values
corresponding to different translation and scale values which are found to be most linear with respect to
different tested spurious resistance values are selected as the effective feature along with their translation
and scale values for discriminating different faulty cases. As an example, the PVAC signature of a faulty
IGBT T3 having spurious resistances between 95 Q to 105 Q are analyzed with CWT toolbox and the per
unit (pu) coefficients obtained for different values of resistances yet at similar values of translations and
scales are plotted as shown in Fig. 8.
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The pu coefficient values are obtained, by dividing the coefficient values of each fault case by the
coefficient value of healthy case at that or nearest translation and scale value. It is found that pu coefficients
for peak 1 are almost linear. So, pu coefficient values along with the respective translation and scale values
are selected as effective features to distinguish the faulty IGBT T3. Similar extractions of appropriate
features are done for all the other faulty IGBTSs.

Low scale peaks are less significant compared to peaks at medium and high scale zones and so they are
not studied.

C. Fault Discrimination

There are certain features, which distinguish, healthy from faulty cases but it is also essential to identify
the particular IGBT, which is suffering from fault. 3-D Scatter plot gives a pictorial view of the variation of
features with respect to faulty conditions occurring in different IGBTs. Fig. 9 shows 3 -D scatter plots of
dominant peaks appearing in high scale zone of CWT corresponding to healthy and various fault conditions.
It is clearly visible that the features locations of all faulty cases are totally secluded from that of the healthy
case. However, this scatter plot is not sufficient to discriminate and identify the particular IGBT suffering
from faulty conditions.

Faulty cases
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Fig. 9. 3-D scatter plots of dominant peaks in high scale zone corresponding to healthy and various fault
conditions

In this regard, 3-D scatter in the mid scale Zone are studied and are plotted in Fig. 10.
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Fig. 8. Plot of pu Coefficients of the four dominant peaks w.r.t.different tested spurious resistances on IGBT T3
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For each faulty IGBT five values of spurious resistance are taken into consideration. Thus, there are
thirty different feature points in the 3-D scatter plots. These thirty different feature points are forming
clusters into six groups marked as T1 peak to T6 peak as shown in the Fig. 10. Each of this group signifies a
particular faulty IGBT. Thus, T1 peak is a group comprising the CWT peaks of coefficient values for
different spurious resistance aroused in series with the terminal at IGBT T1. Similarly, it is found distinct
and separate clusters are formed by the CWT features in the scatter plot corresponding to faults in different
IGBTSs. Thus, location of a feature point due to any unknown fault within any of these clusters can provide
clear indication about the IGBT where the fault has taken place.

V. CONCLUSION

The present study helps to distinguish healthy from faulty situation and to segregate different faulty
situations from each other in a PWM -VSI used for driving induction motors. Features extracted by
performing CWT on PVAC of 3-phase line currents of the inverter have been found to form definite clusters
in a 3-D scatter plot corresponding to faults in different IGBTs. This study can be extended for faulty
situation arising in multiple IGBTs. Validation of the proposed idea will be done in future with practical
experimental data.
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