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(57) Abstract

A three phase inverter (40) is disclosed for use with loads (100) which are unbalanced. A transformer (80) having primary
windings (82), (84) and (86) which are respectively connected to phase outputs (52, 54 and 56) has 2 secondary having individual
windings (88, 90 and 92) connected in a delta configuration which minimizes the flow of unbalanced current in the unbalanced
load. A second embodiment utilizes a transformer in an interconnected configuration. A neutral connecting the conductive

switches to the load is unnecessary with the invention.
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Three Phase Inverter Power Supply
With Balancing Transformer

Technical Field
The present invention relates to three phase
inverter power supplies with unbalanced loads having

reduced weight. More particularly, the present
invention relates to power supplies of the foregoing
type which do not have a neutral line running from the
power supply to the load.

Background Art

Fig. 1 illustrates a three phase auto
transformer 10 having first, second and third primary
windings 12, 14 and 16 which are respectively
magnetically coupled to secondary windings 18, 20 ang
22. The secondary windings 18, 20 and 22 are in a
delta connected tertiary which is idle under normal
balanced operation but contains current flow when a
fault or an unbalanced 1load situation exists in
electrical 1loads (not illustrated) connected to the
phase outputs 24, 26 and 28. ©Phase inputs are applied
to terminals 30, 32, and 34.

Figs. 2A and B illustrate respectively a three
pPhase auto transformer and a zig-zag transformer with
windings 13, 15 and 17 connected to phase inputs and
outputs 30, 32 and 34 and ground which is known as an
interconnected star grounding transformer. 1In Fig. 2a
each of the windings 13, 15 and 17 has a first part 19

wound in a first direction and a second part 21 wound

in the opposite direction. In Fig. 2B, each of the
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windings 13, 15 and 17 has a first part 19 and a second
part 21 wound in the same direction. 1In Figs. 2A and
B, the windings 13, 15 and 17 function to divide the
neutral current into three equal parts when the
transformer is connected to an unbalanceq load (not
illustrated). 7 ., ' , .

. United States Patent 4,617,622 discloses a three
Phase inverter which has- three pairs of switches

[$)]

connected between referenceipoints of a DC potential.
10 The switches are switched to produce a three phase
' AC output. The three phase output is filtered. The
filtered output is connected to a neutral forming
transformer. : , 7
A power supply has been developed by Westinghouse
15 Electric corporation having a switching matrix which
switches a DC potential coupled to the switching matrix
to create a staircase waveform at a desireg fundamental
frequency to produce three phase AcC. With reference to
Fig. 3 of the present invention, the prior art
20 Westinghouse topology has a switching matrix containing
switches Q;, 91, Q,, Q2, Q3 and Q3 which are switched
to provide a three-phase oﬁtput which is connected to a
filter and a neutral forming transformer. For an
unbalanced load, ~current flows from one of the
25 switches Q;, Q; and Q3 which is conductive through the
' load, the neutral, and back to the negative terminal of
the DC source through two of the switches Q1, 0z and Q3
which are not connected to a conductive switch. This
pdwer_supply does not utilize a fourth wire to return
30 current flowing through the neutral to the DC source.
United States Patent 3,775,663 discloses that a
problem has existed regarding inverters with a neutral
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terminal in maintaining the neutral terminal at correct
potential when loads are unbalanced. The '663 patent
further discloses that inverters Wwith three output
terminals have used a polyphase output transformer
connected, for example, delta on the inverter side ang
wye on the load size. This produces a neutral
transformer terminal which is undisturbed by unbalanced
loads. The '663 patent further discloses that the
pulse width modulation of each phase of an inverter to
produce three phase output current. Each inverter
pPhase consists of a pair of switches connected between
two reference potentials which are alternatively pulse
width modulated such that each switch is closed to
conduct current from one of the reference potentials
through a phase output which is filtered to eliminate
higher frequency components than the fundamental
desired phase output. Furthermore, the configuration
of the inverter requires that the potential which is to
be applied to the load must be switched completely by
the switches of the inverter. If a high potential is
required for the load, it is necessary for the switches
to switch this high potential which can cause damage or
failure.

United States Patent 4,564,895 which is assigned
to the assignee of the Present invention discloses a
bidirectional switch which connects an inverter to the
neutral. '

United States patent application serial
No. 128,444, filed on December 3, 1987, which is
assigned to the assignee of the Present invention,
discloses a DC to AC inverter with neutral in which the
neutral is formed by a filter which functions to shunt
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high frequéncy harmonics to the neutral of the inverter
and an envelope defined by the fundamental frequency'
being applied to a three pPhase load with neutral. The
inverter has first, second and third switching circuits
each having a series circuit having first and second
switches with at least one of the first switches and at
least one of the second switches being in the on state -
during operation of the inverter in driving an
unbalanced load to permit current to flow from the
LC circuit to the unbalanced load and from the
unbalanced load back to the LC circuit without a fourth
wire. _

In airframes it has been the practice to run three
phases and a fourth wire which is a neutral from the
generator to the 1load. The fourth wire adds
considerable weight as a consequence of a large
diameter necessary to permit the‘flow of substantial
neutral current when the three phase 1lo0ad is
substantially unbalanced. This fourth wire represents
a weight penalty. ' '

Disclosure of Invention

The presént invention provides a multiple phase
inverter power Supply with neutral for connection to
unbalanced loads having reduced weight and which
eliminates a neutral running between the inverter and.
the load. Furthermore, the invention reduces the
voltage switched across the inverter switches when a
transformer is used which has a stepped up output while
achieving the weight savings of elimination of the
neutral between ~the inverter switchgs and the 1load

which is of particular importance in airframes. Each
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of the phase outputs from the power supply are
connected to a filter which removes ripple frequency
components higher than the fundamental. The filter
forms a neutral for conducting unbalanced current flow
in a multiple phase unbalanced load and eliminates the
neutral running between the inverter and load. The
respective phase outputs from the filter are connected
to a transformer having its primary windings in a wye
configuration. A secondary delta winding functions as
a balancing winding to minimize the flow of unbalanced
current in a three phase unbalanced load respectively
having phases connected to the different primary
windings. Alternatively, the transformer may be an
interconnected star grounding transformer.

A multiple phase inverter with a neutral in
accordance with the invention includes a plurality of
pairs of phase switches, each pair of phase switches
being connected in series between first and second
reference potentials, each switch being switched
between conductive and non-conductive states;
a plurality of outputs each respectively coupled at a
junction between a different pair of the plurality of
pairs of switches; a controller for causing each switch
of a pair of switches which is connected to one of the
first and second reference potentials to be conductive
for an interval and for causing at least one other
switch of one of the other pairs of switches which is
connected to another of the first and second reference
potentials to also be conductive during the interval to
provide a path for current between the switches without
a neutral connecting the conductive switches to the
load; a filter having a plurality of inputs coupled
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respectively to a different one of the outputs and
forming the neutral, the filter shunting frequency
componénts above a fundamental frequency determined by
a switching rate of the pPairs of switches to the
neutral and respectively providing a 'plurality of
different phase outputs at the fundamental frequency; a
multiple phase transformer having a plurality of
windings coupled in a wye configuration with a first
terminal of a plurality of inputs of the transformer
respectively coupled to a different one of the
plurality of outputs and a second terminal of the
windings coupled to the neutral and a phase output -
coupled to each of the windings, the transformer having
a secondary with a plurality of windings connected in a
delta configuration; and the phase outputs of the
transformer Veach respectively being for connection to a
sSeparate phase of an unbalanced multiple phase load,
The conductive intervai_ of each switch is pulse width
mcdulated-during a cycle of current with a dﬁty cycle
proportional to a desired magnitude of current at any
point in time during a'cycle of current on a different
one of the phase outputs. The transformer may be an
auto transformer which steps up potential applied to
the windihgs from the inverter to the load.

A multiple phase inverter with a neutral in
accordance with the invention includes a plurality of
pairs of phase switches, each Pair of phase switches
being connected in series between first ang second
reference potentiails, each switch being switched
between conductive and non-conductive states; a
plurality of outputs each respectively coupled at a

Jjunction between a different pair of the pPlurality of
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pairs of switches; a controller for causing a
conductive interval of each switch of a pair of
switches which is connected to one of the flrst and
second reference potentials to be conductive for an
interval and for causing at least one other switch of
one of the other pairs of switches which is connected
to the other of the first and second reference
potentials to also be conductive during the interval to
provide a path for current between the switches without
a neutral connecting the conductive switches to the
load; a filter having a plurality of inputs coupled
respectively to a different one of the cutputs and .
forming the neﬁtral the filter shunting frequency
components above a fundamental frequency determined by
a switching rate of the pairs of switches +to the
neutral and respectively providing a plurality of
different phase outputs at the fundamental frequency; a
multiple phase transformer having a plurality of
windings coupled in an interconnected star
configuration with a first terminal of a plurality of
inputs respectively coupled to a different one of the
plurality of phase outputs and a- second terminal of the
windings coupled to the neutral and a phase output
coupled to each of the windings and the phase outputs
of the transformer each respectively being for
connection to a separate phase of an unbalanced_
multiple phase load. The conductive interval of each
switch is pulse width modulated during a cycle of
current with a duty cycle proportional to a desired
magnitude of current at any point in time during a
cycle of current on a different one of the phase
outputs. The transformer may be an auto transformer
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which steps up a potential applied to the windings from
the inverter to the load.

Brief Description of Drawings
Fig. 1 illustrates a first type of prier art

transformer for use in unbalanced three phase power -
supplies.

Figs. 2A and B illustrate prior artrtransformers
for use in unbalanced three phase power supplies.

Fig. 3 illustrates an embodiment of the present
invention. '

Fig. 4 illustrates a second embodiment of the

Present invention.

Best Mode for carrving out the Invention

Fig. 3 illustrates a first embodiment 40 of the
pPresent invention. The embodiment provides a multiple
Phase inverter power supply for connection to
unbalanced loads with a transformer having a wye
connected primary and a delta connected secondary for
minimizing the effect of unbalanced current flow in the
multiple phase unbalanced load which eliminates a
neutral between the inverter switches and the load
which is an important weight Savings for power supplies
in airframes. Furthermore, when a step up transformer
is used between the inverter and load, the potential
switched across switches of the inverter is reduced
which is beneficial when '@ high potential is to be
applied to the 1load. A three phase inverter 42
pProvides switched DC potentials of either positive or
negative polarity respectively at the outputs 4, B ang
C which are phase displaced 120° from each other.
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Switches Q1 and Q1 are switched to produce the phase A
output. Switches Q2 and Q2 are switched to produce the
phase B output. Switches Q3 and Q3 are switched to
produce the phase C output. Each of the switches Q1,

EI, Q2, 53, Q3 and Q3 has a conductive interval which
conducts current to its phase output. The conductive
interval is pulse width modulated in accordance with
conventional inverter operation to produce output
pulses having a duty cycle directly proportional to the
magnitude of a sine wave at any particular time during
a cycle of current produced by the phase. As a
consequence of elimination of the neutral between the
inverter switches and’' the load, a return path for
current must be provided back to the inverter for
current flowing from any one of the outputs A, B or c
by appropriate control of the switches as follows.

When any one of the switches Q1, Q2 and Q3 of the
pairs 44-48 is conductlve at least one of the
switches Q;, Q2 and Q3 of at least one of the other
pairs is conductive to permit current to flow from one
of the reference potentials (+) through one of switches
connected to the reference potential from one of the
outputs A, B or C to the three phase load and back to
at least another one of the outputs A, B or C through
at least one of the switches which is coupled to the
other of the reference potentials (-). A controller
for switching the switches in accordance with the
foregoing sequence is not described herein as it is
conventional practice to control the time of switching
and duty cycles of switches in inverters. However, as
is understood by those . skilled in the art, the
controller is based upoen conventional designs for
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switching switches in inverters which are not part of
the present invention. It should be understood that
each of the pairs of switches 44, 46 and 48 may be
implemented in,ény switching device having conductive
and non-conductive states which are changed in response
to switching signals. The pulse width modulated 7
current pulses pfoduced by the respective phase -

outputs A, B and C are applied to a filter 50. The
filter 50 functions to pass the fundamental frequency
to phase outputs 52, 54 and 56 and shunt higher
frequency ripple current to the neutral N. The
filter 50 has three LC filters 58, 60 and 62. The
LC filtér 58 is comprised of inductor 62 and
capacitor 64. The  filter 60 is comprised of
inductor 66 and capacitor 6s. The filter 62 is

comprised of inductor 70 and capacitor 72. Each of the
filters 58, 60 and 62 function to shunt higher
harmonics to the neutral N and to pass the fundamental
frequehcy respectively at the phase outputs 52, 54 and
56. ,

The phase outputs 52, 54 and 56 are applied to
auto transformer 80. The phase A output 52 is épplied
to winding 82. The phase C output 54 is applied to
winding 84.  The phase B output 56 is applied +to
winding 86. The junction 87 of the windings 82, 84 ang
86 are connected to the neutral N. as illustrated, the
transforme:,eo is a step up transformer with the'
inputs 52, 54 and s being connected to the
windingsrsz, 84 and 86 at a point for providing a
desired amount of stepping up the voltage on the
outputs 81, 83 and 85. For loads which require high
potentials, the use of a step up' transformer is
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advantageous in lessening stress on the switches of the
inverter 42. However, it should be understood that the
invention is not 1limited to use of a step up
transformer. The secondary of the transformer consists
of a delta connection of secondary windings 88, 90 and
92 which are respectively magnetically coupled to
windings 82, 84 and 86. The secondary delta
windings 88, 90 and 92 function to minimize the flow of
unbalanced current in unbalanced three phase load 100.
It should be understood that the unbalanced three phase
load 100 may be any three phase unbalanced load with
the illustrated load being only suggestive of possible
types of unbalanced loads which may be utilized with
the present invention. As illustrated, the phase A
portion of the three phase 1load 100 consists of
resistor 102 connected in series with inductor 104
which is connected to the neutral N. The phase C
portion of the unbalance 1load 100 consists of
resistor 106 which is connected in series with
inductor 108 which is connected to the neutral N. The
phase B portion of the unbalanced load 100 consists of
resistor 110 which is connected in series with
inductor 112 which is connected to the neutral N.

Fig. 4 illustrates an alternative embodiment which
differs from Fig. 3 in the type of transformer that is
used. Like reference numerals identify like parts.
Transformer 120 is configured as- a step uéz
interconnected star grounding transformer. The
transformer minimizes unbalanced current flow. The
transformer 120 may be a single core with three
parallel 1legs which are interconnected with a
magnetically permeable material or three separate
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magnetically linked transformers as illustrated. fThe
amount that the outputs 81, 83 and 85 are stepped up is
determlned by the DC potential of the inverter and the
desired potential to be applled to the three phase
load.

While the invention has been described in terms of
its preferred embodlment it should be understood that

numerous modifications may be made thereto w1thoutrr

departing from the spirit and scope of the invention as
defined 1n the appended claims. It is intended that

all such modifications fall within the scope of the
appended claims.

oy
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Claims

1. A multiple phase inverter with a neutral
comprising:

a plurality of pairs of phase switches, each
pair of phase switches being connected in series
between first and second reference potentials, each
switch being switched between conductive and non-
conductive states;

a plurality of outputs each respectively
coupled at a junction between a different pair of the
plurality of pairs of switches:

" means for causing each switch of a pair of
switches which is coupled to one of the first and
second reference potentials to be conductive for an
interval and for causing at least one other switch of
one of the other pairs of switches which is coupled to
the other of the first and second reference potentials
to also be conductive during the interval to provide a
path for current between the switches without a neutral
connecting the conductive switches to the load;

a filter having a plurality of inputs coupled
respectively to a different one of the outputs and
forming the neutral, the filter shunting frequency
components above a fundamental frequency determined by
a switching rate of the pairs of switches to the

neutral and providing a plurality of different phase‘_

outputs at the fundamental frequency;

a multiple phase transformer having a
plurality of windings coupled in a wye configuration
with a first terminal of a plurality of inputs
fespectively coupled to a different one of the

PCT/US89/04441
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Plurality of phase outputs and a Second terminal of the

“windings coupled to the neutral and a phase output
coupled to each of the windings, the transformer’having

a secondary  with a plurality of secondary windings
connected in a delta configuration; and wherein

7 the phase outputs of the transformer each
respectively are for connection to a separate phase of
an unbalanced multiple phase load.

2. A multiple phase inverter in accordance with
claim 1 wherein:

the transformer is a step up transformer with

a DC poténtial applied across switches in the inverter

which ‘is less than a2 maximum potential of the phase
outputs.

3. A multiple phase inverter in accordance with
claim 2 wherein:

the conductive interval of each switch is
pulse width modulated during a cycle of current with a

duty cycle proportional to a desired magnitude of
current on a different one of the phase outputs.

4. A multiple phase inverter in accordance with
claim 3 wherein:

three phases and three pairs of switches are )

contained in the multiple phase inverter.

5. A multiple phase inverter in accordance with
claim 1 wherein: '

the inverter is for use in an airframe.

PCT/US89/04441
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6. A multiple phase inverter with a neutral
comprising:

a plurality of pairs of phase switches, each
pair of phase switches being connected in series
between first and second reference potentials, each
switch being switched between conductive and non-
conductive states; ‘

a plurality of outputs each respectively
coupled at a junction between a different pair of the
plurality of pairs of switches;

means for causing each switch of a pair of
switches which is coupled to one of the first and
second reference potentials to be conductive for an
interval and for causing at least one other switch of
one of the pairs of switches which is coupled to the
other of the first and second reference potentials io
also be conductive during the interval to provide a
path for current between the switches without a neutral
connecting the conductive switches to the load;

a filter having a plurality of inputs coupled
respectively to a different one of the outputs and
forming a neutral, the filter shunting frequency
components above a fundamental frequency to the neutral
and providing a plurality of different phase outputs at
the fundamental frequency determined by a switching
rate of the pairs of switches;

a multiple phase transformer having windings
in an interconnected star configuration with a first
terminal of a plurality of inputs respectively coupled
to a different one of the plurality of outputs and a
second terminal of the windings coupled to the neutral
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and a phase,output coupled to each of the windings; and
wherein

the phase outputs of the transformer are each
respectively for connection to a separate phase of an
unbalanced multiple phase load.

7. . A multlple phase inverter in accordance with
clalm 6 wherein:

the transformer is a step up transformer with

a DC potential applied across switches in the inverter

which is less. than a maximum potentlal of the phase
outputs.

8. A multiple phase inverter in accordance with
claim 7 wherein:
the conductive interval of each switech is
pulse width modulated during a cycle of current with a
duty cycle proportional to a desired magnitude of
current on a different one of the phase outputs.

9. A multiple phase inverter in accordance with
clainm 8 whereln.

three phases and three pairs of switches are
contained in the multiple phase inverter.

10. A multiple phase 1nverter in accordance w1th_

claim ¢ wherein: -

the inverter is for use in an airplane.

PCT/US89/04441
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