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Abstract—In this paper, a new modular motor–modular
inverter concept for medium-voltage adjustable-speed drive
(MV-ASD) systems is introduced. It is shown that standard
MV motor winding connections can be reconnected into several
three-phase groups, each powered by a separate three-phase
pulsewidth modulation inverter, resulting in a high-performance
MV-ASD system. The proposed approach is fault tolerant and can
continue to operate at reduced power levels, under inverter and/or
motor faults. An example 250-hp four-pole 60-Hz 2300-V/4160-V
motor winding connection diagram along with the associated
inverter configurations is analyzed. Results from analysis are
presented on the aspects of faults and motor operation under
partial winding excitation. Experimental results on a low-voltage
(460 V) 10-hp ASD are demonstrated.

Index Terms—Adjustable-speed drive, modular motor–modular
inverter.

I. INTRODUCTION

M EDIUM-VOLTAGE adjustable-speed drive (MV-ASD)
systems offer significant advantages in fan, pump, and

process control applications in terms of high efficiencies and
high performance [1]–[5]. The application of these high-power
MV-ASD’s is, in general, associated with critical process areas
of the plant and any shutdown of the system could result in a
major process upset and loss of production [6].

In order to improve reliability of such systems, six-phase
induction motors fed by double current-source inverters (CSI’s)
have come into existence [2], [4], [5], [7], [8]. Further, [9]
presents an extensive investigation of ann-phase induction
motor drive system powered byn independent single-phase
inverters. Such a system requires a specially wound multiphase
motor, each phase powered by a single phase-inverter unit. Al-
though failure of any one phase-drive unit does degrade motor
performance somewhat, the urgency of immediate repairs is
reduced since the system shutdown is not required.

The approach in [9] for achieving improved reliability can
be termed a modular motor–modular inverter (MM-MI) con-
cept. In this paper, the MM-MI concept is further extended for
standard three-phase induction motors (Fig.1). It is shown that
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Fig. 1. Winding diagrams of commercially available medium-voltage
induction motors. (a) Winding diagram of a two-pole medium-voltage
induction motor. (b) Winding diagram of a four-pole medium-voltage induction
motor.

standard (medium voltage) motor winding connections can be
reconnected into several three-phase groups, each powered by
a separate three-phase pulsewidth modulation (PWM) inverter,
resulting in a high-performance MV-ASD system (Fig. 2). The
proposed approach has the following advantages.

1) The proposed modular approach (MM-MI) achieves a
higher level of reliability due to its inherent redundancy.

2) The modular concept facilitates the use of lower voltage
insulation systems both in the motor and in inverter con-
struction. Further, lower voltage semiconductor devices
are employed in the inverters and no high-voltage insula-
tion requirements need to be met within the inverter mod-
ules. These two features translate into significant cost sav-
ings.

0093–9994/00$10.00 © 2000 IEEE
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(a)

(b)

Fig. 2. (a) Complete MV-ASD for six-lead MM-MI approach along with a 12-pulse input transformer for clean input (the motor is two-pole). (b) Complete
MV-ASD for six-lead MM-MI approach along with a 12-pulse input transformer for clean input (the motor is four-pole).

3) By proper selection of motor coil groups and the inverter
connections, torque ripple can be kept at acceptable levels
under fault conditions.

4) Modular inverter construction facilitates easy mainte-
nance and spare management.

5) The proposed approach facilitates complete bypass of the
inverter and allows the motor to be run directly on utility
supply in the event of an inverter failure.

6) The proposed approach requires access to motor winding
terminals and, therefore, is most suitable for new instal-
lations.

This paper examines how the winding connections of a com-
mercially available 250-hp four-pole 60-Hz 2300-V/4160-V in-
duction motor can be reconnected into six-lead and twelve-lead

connections. A six-lead connection, shown in Fig. 2, powers the
motor by two separate three-phase PWM inverters operating in
master/slave mode. Further, a 12-lead connection requires four
separate three-phase PWM inverters to power the motor (Fig. 3).
Results from analysis are presented on the aspects of faults and
motor operation under partial winding excitation.

II. WINDING CONNECTIONS OFCOMMERCIALLY AVAILABLE

MV I NDUCTION MOTORS

Winding connections of commercially available two-pole and
four-pole MV induction motors are shown in Fig. 1(a) and (b),
respectively. For example, the winding labeled as 1 in Fig. 1(a),
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Fig. 3. Complete MV-ASD for 12-lead MM-MI approach along with a 24-pulse input transformer for clean input power.

is referred to as a “coil group” and it may be comprised of many
coils connected in series depending on the number of slots and
winding pattern (lap winding or concentrated winding) of the
motor. The two-pole motor in Fig. 1(a) has two coil groups on
each phase and total of six coil groups, whereas the four-pole
motor in Fig. 1(b) has four coil groups on each phase and total
of 12 coil groups. In general, the number of coil groups on each
phase of the MV induction motor is equal to the pole number of
the motor.

The windings of the MV motors are connected in star as
shown in Fig. 1(a) and (b) for 4160-V

rms
across the motor ter-

minals A, B and C, whereas they are connected in delta for
2300-Vrms applied to the motor terminals.

III. PROPOSEDMM-MI A PPROACH FORMV-ASD

The proposed MM-MI approach is grouped under two cate-
gories: 6-lead approach and twelve-lead approach. The 6-lead
approach is suitable for MV motors with any number of poles
and the 12-lead approach is suitable for motors with pole num-
bers of multiples of four (four-pole, eight-pole, etc.)

A. Six-Lead MM-MI ASD Concept

Fig. 2(a) shows the complete MV MM-MI ASD with the
two-pole motor [Fig. 1(a)] connected in six-lead. One coil group
from each phase of the motor [Fig. 1(a)] is taken and connected
in delta as shown in Fig. 2(a). Since we have two coil groups

on each phase of the motor, we have two delta-connected motor
coils in Fig. 2(a). This connection is referred to as a six-lead
connection in this paper, since we have six leads available at the
motor terminals. Two delta-grouped motor windings are now
connected to two three-phase inverters as shown in Fig. 2(a).
Inverters 1 and 2 in Fig. 2(a) have to be synchronized with each
other so that line-to-line output voltage patterns of the two in-
verters are identical. The voltage rating of each motor coil group
in Fig. 1(a) is

Va =
VLL

2
p
3
: (1)

This is also the output voltage rating of each inverter (Fig. 2(a)).
Therefore, the proposed six-lead connection [Fig. 2(a)] effec-
tively reduces the required inverter/motor voltage rating by
71%. For an example MV motor ofVLL = 4160 V arranged
in a six-lead configuration [Fig. 2(a)], two inverters with
rated output voltage of 1200 V are required. More details are
illustrated in Section VI.

Two three-phase inverters can be connected on the same dc
bus or the three-phase diode rectifiers can be connected to the
same secondary winding of the input transformer since delta 1
and delta 2 of the motor windings in Fig. 2(a) are electrically
isolated from each other. Therefore, the purpose of the 12-pulse
input transformer in Fig. 2(a) is to realize higher quality utility
input current.
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Alternatively, a four-pole motor shown in Fig. 1(b) can also
be connected in six-lead configuration as shown in Fig. 2(b).
The 12 coil groups in Fig. 1(b) are grouped in two deltas as
shown in Fig. 2(b).

B. Twelve Lead MM-MI, ASD Concept

Fig. 3 shows the complete MV MM-MI ASD with the
four-pole motor [Fig. 1(b)] connected in 12–lead. One coil
group from each phase of the motor [Fig. 1(b)] is taken and
connected in delta as shown in Fig. 3. Since we have four coil
groups on each phase of the motor, we have four delta-con-
nected motor coil groups in Fig. 3. Since we have 12 leads
available at the motor terminals, this connection is referred to
as a 12-lead connection in this paper. Four delta-grouped motor
windings are connected to four three-phase inverters as shown
in Fig. 3. All four inverters in Fig. 3 have to be synchronized
with each other so that line-to-line output voltage patterns of
all four inverters are identical. The voltage drop across each
motor coil group in Fig. 1(b) is

Va =
VLL

4
p
3
: (2)

This is also the output voltage rating of each inverter (Fig. 3).
Therefore, the proposed six-lead connection (Fig. 3) effectively
reduces the required inverter/motor voltage rating by 85.6%. For
an example MV motor ofVLL = 4160 V arranged in a 12-lead
configuration (Fig. 3), four inverters with rated output voltage
of 600 V are required. Alternatively, the 6-lead configuration in
Fig. 2(b) can be adopted with two 600-V inverters. More details
are illustrated in Section VI.

MV motors with pole numbers of multiples of four (four-pole,
eight-pole, 12-pole, etc.) can be connected in 12-lead connec-
tion by grouping motor coil groups in total of four delta-con-
nected motor windings.

The connections to group the motor windings in several deltas
can be made inside the motor without bringing all coil group
terminals outside the motor. Therefore, 6-lead and 12-lead con-
figurations require only 6 and 12 leads to be brought to the
motor terminals, respectively. MV motors normally have from
6 to 12 leads available at the motor terminals for soft-start pur-
poses (e.g., part winding startup and star–delta startup.) Hence,
the proposed configurations may not drastically affect the motor
size or motor terminal box size.

IV. A NALYSIS

In this section, the MMF analysis of an example 250-hp
four-pole 60-Hz 2300-V/4160-V commercially available
induction motor is presented in detail. The analysis facilitates
detailed evaluation of 6-lead and 12-lead configurations under
normal and fault conditions.

A. MMF Analysis of a Four-Pole MV Motor

A simplified winding diagram of the MV induction motor is
shown in Fig. 4. The motor in Fig. 4 has 60 slots and is lap
wound. It is a four-pole motor so that it has 12 coil groups in
total (four coils per phase) and each coil is comprised offive

Fig. 4. Simplified winding diagram of the example four-pole 250-hp
2300/4160-V induction motor.

Fig. 5. Turns function of coil group 1 in Fig. 4.

series-connected coils. The coil groups with the same line style
in Fig. 4 belong to the same phases. The coil groups in Fig. 4
are numbered from 1 to 12 as shown. The 12 coil groups of the
motor labeled in Figs. 1(b) and 3 are also depicted in Fig. 4 to
show their respective positions in the stator slots. The labeling of
the coil groups in Fig. 4 is not random and its order is explained
in Section IV-B. It is assumed in the MMF analysis that the
motor magnetics are linear. The MMF analysis of the example
motor (Figs. 1(b) and 4) discussed in this section applies to any
four-pole induction motor with 12 coil groups, regardless of its
winding style and stator slot number. One could follow a similar
approach for motors with different winding configurations.

The turns functionn1(') of coil group 1 (Fig. 4) is shown
in Fig. 5. Let us assume that each coil group is comprised of
five coils in series ofN turns each. Therefore, the magnitude
of the turns function in Fig. 5 is5N: The winding function [12]
N1(') is defined as the ac component of turns functionn1('):
Therefore,

N1(') = n1(') = hn1(')i (3)

wherehn1(')i is the average value ofn1('):
Also, for the given motor, the coil groups next to each other

are apart from each other by' = 30�: Therefore, the turns
functions of coil groups next to each other have the same shape
as ofn1(') and are 30� apart. Therefore, the winding function
of nth coil group can be expressed as follows:

Nn(') = (�1)n+1 �N1(' � (n � 1) � 30�) (4)
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TABLE I
FOURIER SERIESCOMPONENTS OFN1(') IN (5)

wheren represents coil group number (1–12). From Fig. 5 and
(3) andn = 1; the Fourier series of winding function for coil
group 1 can be expressed as

N1(') =
1X

h=1

Ah cos(h'+ �h): (5)

The coefficientsAh and�h are given in Table I with respect to
harmonic orderh =1–8.

Since the MMF generated by coil group 1 is defined as its
winding function, multiplied by the currenti1(t); MMF1(t; ')
can be expressed as follows:

MMF1(t; ') = i1(t) �N1('): (6)

The resulting total MMF due to the excitation of motor coils is
given by

MMF (t; ') =
12X

n=1

MMFn(t; ') =
12X

n=1

in(t) � Nn(') (7)

wherein(t) is the current through coil groupn: Assuming bal-
anced currents are flowing in the motor coil groups, the currents
of 12 coil groups are given by

i1(t) = i4(t) = i7(t) = i10(t) = I sin(!t)

i3(t) = i6(t) = i9(t) = i12(t) = I sin(!t� 120�)

i2(t) = i5(t) = i8(t) = i11(t) = I sin(!t� 120�): (8)

Substituting (8) into (7), we have

MMF (t; ')

= I sin(!t) � [N1(') +N4(') +N7(') + N10(')]

+ I sin(!t � 120�)

� [N3(') +N6(') + N9(') + N12(')]

+ I sin(!t � 120�)

� [N2(') +N5(') + N8(') + N11(')]: (9)

From (4) and (9), we have

MMF (t; ')

= I sin(!t) � [N1(') +N1(') � 90�) + N1('� 180�)

� N1('� 270�)] + I sin(!t� 120�)[N1('� 60�)

� N1('� 150�] +N1(' � 240�)�N1(' � 330�)]

+ I sin(!t + 120�) � [�N1(' � 30�) + N1('� 120�)

� N1('� 210�) + N1('� 300�)]: (10)

Subtituting (5) into (10) and after some simplification it can be
deduced thatMMF (t; ') has terms ofsin(!t+h'+�h) and

sin(!t � h' � �h): The MMF components of sine terms with
+h' and�h' rotate in opposite directions. If we assume the
MMF components of sine terms with+h' as rotating in positive
direction, the ones with�h' rotate in negative direction.

The respective MMF components of (10) forh =1–3 are
shown in Fig. 6. It can be seen from Fig. 6(a) and (c) that the
resultant positive-direction rotating and negative-direction ro-
tating components of the MMF forh =1 and 3 add to zero. For
h =2, the resultant MMF components of+2' terms add to zero
and only�2' terms remain. Therefore, (10) simplifies to

MMF (t; ') = 9:072 � I �N � sin(!t� 2'+ 180�): (11)

It is clear from the above analysis and from (10), (11), and Fig. 6
that resultant MMF is nearly sinusoidal and repeats itself twice
for angle' = 0 to 2�: The procedure established in this section
facilitates the motor MMF analysis for partial winding excita-
tion.

B. Selection Criteria for Motor Coil Groups in Six-Lead and
12-Lead Connections

Equation (10) depicts the overall MMF of the motor due to
the excitation of various coil groups shown in Fig. 4. Now, under
fault conditions, a certain portion of motor windings are not ex-
cited due to inverter/motor faults. Under this condition, it is im-
portant to properly group the motor coils such that the resulting
MMF under partial winding excitation has the least possible har-
monic components. This can be achieved by proper grouping
of the coil groups as follows. For the example four-pole motor
winding (Fig. 4), Fig. 6 shows both positive-direction and neg-
ative-direction rotating MMF components forh =1–3. From
Fig. 6, for a 12-lead connection, selecting coil groups 1, 5, 9; 2,
6, 10; 3, 7, 11; and 4, 8, 12 would yield the optimum result. This
12-lead coil grouping selection is depicted in Fig. 3. Now, if, for
example, the inverter 1 powering coil groups 1, 5, 9 were to fail
(coil groups 1, 5, 9 were not energized), then from Fig. 6 it is
clear that MMF harmonic components with+' terms [h = 1 in
Fig. 6(a)] are not cancelled and the fundamental MMF compo-
nent[h = 2; �2' terms in Fig. 6(b)] decreases by 25%. How-
ever, all other MMF vector components due to the loss of 1, 5,
9 coil groups remain cancelled. Therefore, the suggested coil
grouping yields the minimum possible MMF harmonics in case
of the failure of one of the inverters in Fig. 3.

The best coil grouping for the six-lead configuration is such
that the coil groups 1, 3, 5, 7, 9, 11 are powered by inverter 1 and
the remaining coil groups of 2, 4, 6, 8, 10, 12 are powered by
inverter 2 as depicted in Fig. 2(b). Now, if inverter 1 in Fig. 2(b)
were to fail, it is clear from Fig. 6 that�2' terms [h = 2;

Fig. 6(b)] decrease by 50% and all other remaining vectors are
still cancelled among themselves. Therefore, this selection of
coil groups is the best since it results in minimum possible MMF
harmonics under partial winding excitation.

C. Corrective Measures

From the above discussion and Fig. 6, loss of inverter 1 results
in coil groups 1, 5, 9 being deenergized and contributes to a pul-
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(a)

(b)

(c)

Fig. 6. The MMF vector components for each harmonic orderh [see (10)]. The equations of some vectors are also shown in the diagrams as examples. (a)h = 1.
(b) h = 2. (c) h = 3.

sating harmonic component ath = 1 [+' terms in Fig. 6(a)].
From Fig. 6(a) (by inspection) it can be concluded that by suit-
ably phase shifting inverters 2 and 4 by�30� the MMF har-
monic component forh = 1; +' terms can be cancelled. The

consequence of phase shift of inverters 2 and 4 by�30� will re-
sult in a decrease in the fundamental MMF component[h = 2;
�2' terms in Fig. 6(b)] by 9%. The simulation result in Fig. 9
discusses these aspects more in depth.
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(a)

(b)

Fig. 7. (a) Three-dimensional MMF plot of the motor with all 12 coil groups
energized. (b) The FFT components of the MMF wave in Fig. 7(a).

V. SIMULATION RESULTS

The MMF waveshape of the motor shown in Fig. 4 is sim-
ulated in MATLAB. Since a complete winding diagram of the
motor is available, the MMF wave is computed by assuming
six/12 lead connections with coil excitation currents in (8). This
procedure is detailed in [10].

A. MMF Waveshape for Normal Condition

Fig. 7(a) shows the three-dimensional plot of the MMF wave
when all coil groups are excited with a balanced set of currents.
Thex axis in Fig. 7(a)(t=T ) represents the per-unit time where
T is the period of currents in (8). Stator slot numbers are shown
in they axis in Fig. 7(a). Thez axis is the MMF of the motor in
p.u. We observe in Fig. 7(a) that the MMF wave has two cycles
from slot 1 to slot 60 and it is nearly sinusoidal. Also, it is clear
from Fig. 7(a) that the MMF wave rotates by time. Fig. 7(b)
shows the Fourier components of the waveform in Fig. 7(a).

B. MMF Waveshape in 12-Lead Connection with One Faulted
Delta Motor Winding

Fig. 3 shows the 12-lead connection. Now, if we assume
inverter 1 is inoperative or coil groups 1, 5, 9 are not excited,
the resulting MMF waveshape is shown in Fig. 8(a). From
Fig. 8(b), the dominant MMF harmonic component is ath = 1
as predicted in Section IV-B. Further, in Section IV-C, it was
shown that the MMF harmonic ath = 1 can be eliminated
by phase shifting inverters 2 and 4 by�30�. Fig. 9(a) shows

(a)

(b)

Fig. 8. (a) Three-dimensional plot of MMF of the motor connected in 12-lead
connection and inverter 1 is inoperative (Fig. 3). (b) The FFT components of the
MMF wave in Fig. 8(a).

the MMF wave resulting from this new operating condition.
It is clear from Fig. 9(a) that the MMF ripple has decreased.
Also, Fig. 9(b) shows that the MMF component forh = 1 is
cancelled. However, phase shift of inverters 2 and 4 by�30�

results in derating of the inverter system as the magnitude of
the MMF forh = 2 is reduced from 0.75 p.u. to 0.68 p.u.

C. MMF Waveshape in Six-Lead Connection with One Faulted
Delta Motor Winding

Fig. 2(b) shows the six-lead connection of the four-pole
motor. Now, if we assume inverter 1 is inoperative or coil
groups 1, 3, 5, 7, 9, 11 are not excited, the resulting MMF is
shown in Fig. 10(a). The FFT of the MMF wave in Fig. 10(a)
is shown in Fig. 10(b). Note that we have 0.5 p.u. fundamental
MMF component (h = 2) since half of the motor winding is
not energized.

VI. DESIGN EXAMPLE

In this section, a detailed design example of a 250-hp
four-pole 60-Hz 2300-V/4160-V induction motor is discussed.

Motor Parameters:

power(P
o
) = 250 hp;

power factor(pf) = 0:8;
efficiency (�) = 0:85;
line-to-line voltage(VLL) = 4160 Vrms;
fundamental output frequency(fo) = 60 Hz.
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(a)

(b)

Fig. 9. (a) Three-dimensional MMF plot of the motor connected in 12-lead
configuration (Fig. 3) and inverter 1 is inoperative. Also, output currents of
inverter 2 are shifted by�30� and those of inverter 4 are shifted by+30�:

(b) The FFT components of the MMF wave in Fig. 9(a).

Apparent power(S) and motor current(I) in 4160-V connec-
tion [Fig. 1(b)] of the motor can be calculated as follows:

S =
Po

� � pf
= 275 kVA (12)

I =
S

p
3 � VLL

= 38 A: (13)

The voltage across each coil groupVa by (2) is

Va = 600 Vrms: (14)

If the motor is connected in 12-lead (Fig. 3), the line-to-line
output voltage of each three-phase inverter is the same asVa =
600 Vrms and the output current of each three-phase inverterIo
is

Io =
p
3I = 66 Arms: (15)

The rms current of the insulated gate bipolar transistor (IGBT)
and diode pairs in the three-phase inverters is

Isw;rms =
Iop
2
= 47 Arms: (16)

The dc-bus voltage of each three-phase inverterVdc is

Vdc =

p
2 � VLL
6ma

= 850 V (17)

(a)

(b)

Fig. 10. (a) Three-dimensional plot of the MMF of the motor connected
in six-lead connection; inverter 1 in Fig. 2(b) is inoperative. (b) The FFT
components of the MMF wave in Fig. 10(a).

Fig. 11. Experimental torque–speed characteristic of the motor (see Table III
in the Appendix) under full winding and half winding excitations. (The voltage
across each coil group is its rated voltage at 60 Hz.)

wherema is the modulation index and assumed 1.15 in (17).
The IGBT’s in the inverters are rated at rms current of 47 A.
Further, IGBT’s rated at 1700 V or higher can be employed in
each inverter module to operate at aVdc = 850 V.
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Fig. 12. The experimental setup of modular motor–modular inverter ASD. (The motor is six-pole and connected in six-lead configuration.)

The voltage stress between any winding groups do not ex-
ceedVdc in Fig. 3. Therefore, the voltage insulation level of the
motor is only 850 V. On the other hand, the maximum voltage
that motor windings experience in the conventional connection
of the motor [Fig. 1(b)] is the peak value of 4160 V, that is,
5900 V. The voltage insulation requirement of the motor has
decreased from 5900 to 850 V (by 85.6%). This translates into
significant cost saving and ease in manufacturing of the motor if
the proposed concept is adopted. Further, the voltage insulation
level of the three-phase inverters is also 850 V.

Now, if the motor is connected in six-lead configuration as
shown in Fig. 2(b), we have

Io = 132 Arms; Isw;rms = 94 Arms and Vdc = 850 V:

VII. EXPERIMENTAL RESULTS

The proposed MM-MI concept is implemented on a labora-
tory prototype 230-V/460-V 60-Hz 10-hp six-pole motor, which
is connected in six-lead configuration. The motor has 18 coil
groups and Table II in the Appendix has additional details.

Both locked-rotor and breakdown torque tests were per-
formed on the motor at 60 Hz. The test was repeated for both
full winding (18 coil groups energized) and half winding (only
nine coil groups energized.) The characteristics are plotted in
Fig. 11. The breakdown torque of the motor under half-winding
excitation is 47 lbf�ft, which is nearly half compared to the
full-winding excitation (Fig. 11) Also, the motor slip for a
given torque is slightly larger for half-winding excitation.

Fig. 13. Output currents of inverter 1:ia1; ib1; andic1: (ia1 = ia2; ib1 = ib2
andic1 = ic2:) Horizontal axis: 5 ms/div; vertical axis: 5 A/div.

The motor was then connected in six-lead configuration to run
from two inverters operating in master/slave mode configuration
(Fig. 12). Two commercially available inverters were modified
for this purpose. Fig. 13 shows the motor currentsia1; ib1; and
ic1 supplied by inverter 1 (Fig. 12). The inverter 2 currents are
nearly identical. Fig. 14 shows the PWM output voltage of in-
verter 1. Fig. 15 shows the motor currentsia1; ib1; andic1 when
inverter 2 (slave) is shut down.
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Fig. 14. Line-to-line output voltages of inverter 1:va1b1; vb1c1; andvc1a1:

(va1b1 = va2b2; vb1c1 = vb2c2; andvc1a1 = vc2a2:) Horizontal axis: 5
ms/div; vertical axis: 250 V/div.

Fig. 15. The output currents of inverter 1:(ia1; ib1; andic1) while the slave
inverter is shot down. Horizontal axis: 5 ms/div; vertical axis: 5 A/div.

VIII. C ONCLUSIONS

In this paper a new MM-MI concept for MV-ASD systems
has been introduced. It has been shown that standard MV
motor winding connections can be reconnected into several
three-phase groups, each powered by a separate three-phase
PWM inverter, resulting in a high-performance MV-ASD
system. The proposed approach is fault tolerant and can con-
tinue to operate at reduced power levels under inverter and/or
motor faults. It has been shown that two three-phase inverters
operating in master/slave configuration with a rated output
voltage of 600 V are sufficient to power a 250-hp 4160-V
four-pole 60-Hz motor. In the case of 12-lead connection, it has
been shown that under inverter/motor faults, the remaining in-
verters can be suitably phase shifted to cancel MMF harmonics
resulting from partial winding excitation. Experimental results

demonstrate the performance of a laboratory prototype 460-V
10-hp motor for the proposed six-lead connection.

APPENDIX

TABLE II
NAMEPLATE DATA OF THE MOTOR

TABLE III
LOCKED-ROTOR TEST RESULTS
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