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(57) ABSTRACT 

An improved poWer converter that produces reduced-levels 
of common-mode voltages, or even entirely eliminates such 
voltages, is disclosed herein, along With a method of reduc 
ing common-mode voltages. In at least some embodiments, 
the improved poWer converter is equipped With common 
mode ?lter inductors and a link coupling input and output 
ports of the poWer converter With one another to commu 
nicate a ground point associated With the input ports of the 
converter (and the source) to the load. Further, in at least 
some embodiments, the method includes providing common 
mode ?lter inductors as part of the converter, Where the 
inductors are connected at least indirectly to at least one of 
a recti?er and an inverter of the converter, and communi 
cating a grounded neutral from input ports of the converter 
to output ports of the converter by Way of at least one 
additional linkage. 
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THE OUTPUT PHASE CURRENT 

FIG. 4d 
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POWER CONVERTER WITH REDUCED 
COMMON MODE VOLTAGE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] None. 

STATEMENT REGARDING FEDERALLY 

SPONSORED RESEARCH OR DEVELOPMENT 

[0002] None. 

FIELD OF THE INVENTION 

[0003] The present invention relates to poWer conversion 
devices and, more particularly, to poWer conversion devices 
for outputting three-phase poWer that can be used by three 
phase devices such as motors. 

BACKGROUND OF THE INVENTION 

[0004] A variety of poWer conversion devices capable of 
providing a variety of types and levels of poWer for a variety 
of different purposes are noW available on the market. A 
number of these poWer conversion devices are designed to 
output three-phase, alternating current (AC) electrical poWer 
for use by three-phase AC machines and other devices. For 
example, in the ?eld of electric motors and motor drives, a 
three-phase AC motor can be connected to a motor drive, 
Which includes (and operates as) a poWer converter and 
provides three-phase AC electrical poWer to the motor in a 
controlled fashion. By controlling the currents (and volt 
ages) applied to a given motor, the motor drive further is 
capable of controlling motor speed, torque and other motor 
performance characteristics. 

[0005] One type of poWer converter that is employed in 
some such motor drives is a voltage source inverter (V SI). 
Referring to FIG. 1, one such Prior Art VSI poWer converter 
2 is shoWn in schematic form. As shoWn, three-phase AC 
input (or supply) poWer received from a three-phase AC 
voltage source 4, Which can be a utility/poWer line or other 
source and can be modeled (as shoWn) as three separate 
voltage sources Va, Vb and Vc, respectively. The input 
poWer is converted by the VSI poWer converter 2 into 
three-phase AC output poWer that is appropriate for a load 
6, Which in this example is a three-phase AC motor (e.g., an 
induction or synchronous motor), and can be modeled as 
three resistors 46 respectively in series With three inductors 
that represent three different Windings of the motor. 

[0006] The VSI poWer converter 2 operates by Way of tWo 
stages, a ?rst stage that is a recti?er 8 that converts the AC 
input poWer into direct current (DC) poWer, and a second 
stage that is an inverter 10 that converts the DC poWer into 
the three-phase AC output poWer of desired frequency and 
amplitude for the load 6. In the embodiment of FIG. 1, the 
recti?er 8 is a pulse Width modulated (PWM) recti?er that 
employs ?rst, second and third pairs of insulated gate bipolar 
transistors (IGBTs) 12, 14 and 16, respectively. The IGBTs 
of each pair 12, 14 and 16 are coupled in series With one 
another betWeen ?rst and second nodes 18 and 20, respec 
tively. Additionally, ?rst and second capacitors 22 and 24 are 
coupled in series betWeen the ?rst and second nodes 18 and 
20. 
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[0007] Further, ?rst, second and third nodes 26, 28 and 30 
betWeen the respective pairs of IGBTs 12, 14 and 16, 
respectively, are coupled to ?rst, second and third input ports 
27, 29 and 31, respectively, of the VSI poWer converter 2 by 
Way of respective input ?lter inductors 44, the input ports 
respectively receiving poWer from the respective voltage 
sources. As for the inverter 10, it also is a PWM device that 
employs ?rst, second and third pairs of IGBTs 32, 34 and 36, 
respectively. Again, the IGBTs of each pair 32, 34 and 36 are 
coupled in series With one another betWeen the ?rst and 
second nodes 18 and 20, in parallel With the capacitors 22, 
24 and the IGBT pairs of the recti?er 8. Further, ?rst, second 
and third additional nodes 38, 40 and 42, respectively, are 
formed betWeen the IGBTs of each pair 32, 34 and 36 and 
are coupled to the load 6, such that ?rst, second and third 
output poWer phases (shoWn in FIG. 1 as A, B, and C) are 
provided to the load. 

[0008] Each of the IGBTs of each of the pairs 12, 14, 16, 
32, 34 and 36 is controlled by Way of a controller 33 (e.g., 
a microprocessor) to sWitch on and off at appropriate times 
such that substantially DC poWer (e.g., a DC voltage) 
appears across the ?rst and second nodes 18, 20 and so that 
the DC poWer in turn is converted into desired AC output 
poWer provided as the phases A, B, and C. Discontinuities 
and/or ripple introduced due to the pulsing of the IGBTs are 
largely smoothed out by the operation of the capacitors 22, 
24. Although the recti?er 8 and inverter 10 are shoWn to 
employ IGBTs, in alternate embodiments the recti?er and/or 
inverter can employ other solid state semiconductor-based 
sWitching devices such as silicon-controlled recti?ers 
(SCRs), gate turn-off thyristors (GTOs), gate commutated 
thyristors (GCTs), or other sWitching devices. Further, in at 
least some embodiments, the recti?er 8 can simply employ 
diodes. 

[0009] As the sWitching devices are activated in the rec 
ti?er 8 and/or the inverter 10, time-varying common-mode 
voltages are produced. The common-mode voltages appear 
in the output phases A, B, and C of the VSI poWer converter 
2, and hence, on the motor Windings of the motor load 6. 
Where a neutral (shoWn in FIG. 1 as a node g) associated 
With the input poWer source 4 is grounded, the common 
mode voltage appears betWeen the motor Windings and 
ground. Assuming that, as shoWn, the motor Windings of the 
motor load 6 are coupled together, the common-mode volt 
ages appear as an overall common-mode voltage VO at a 
node 0, Which can be understood as being coupled to actual 
ground by Way of a stray capacitance CO. While the com 
mon-mode voltages can include multiple components at 
different frequencies, commonly the predominant or largest 
component of a common-mode voltage is at three times the 
source frequency. Thus, for a typical three-phase AC source 
providing 60 HZ poWer, the predominant or largest compo 
nent of the common-mode voltages that are generated by the 
poWer converter 2 Will be at about 180 HZ. 

[0010] Depending upon a variety of factors including the 
poWer levels involved, environmental or other operating 
conditions, and the design of the motor load 6 (or other 
load), common-mode voltages in some circumstances can 
become fairly high in amplitude and, in any event, can 
potentially reach levels that are beyond the insulation rat 
ing(s) of the motor Windings (or other load rating). Conse 
quently, running of the motor load 6 in a manner resulting 
in such common-mode voltages can risk damaging the 
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motor or decrease its life expectancy. Further, although 
motors can be designed With high insulation ratings such 
that the motors Will not be harmed by such common-mode 
voltages, not all motors are so designed and increasing the 
insulation ratings of a motor can increase the cost of a motor. 
Additionally, it Would be desirable for motor manufacturers 
if they did not have to take into account the risks posed by 
common-mode voltages When designing their motors. 

[0011] Given that it Would be desirable to have poWer 
converters that did not generate common-mode voltages, or 
at least only generated common-mode voltages that Were 
signi?cantly reduced in comparison With those generated by 
conventional poWer converters, a variety of modi?ed poWer 
converter designs have been developed or attempted. Yet 
each of these modi?ed poWer converter designs either fails 
to reduce common-mode voltage levels to satisfactory levels 
or introduces other disadvantages. For example, some modi 
?ed poWer converter designs attempt to reduce the levels of 
common-mode voltages that they generate by more carefully 
controlling the pulsing on and off of the IGBTs or other 
sWitching devices Within the poWer converters. Yet such 
modi?ed poWer converters are more complicated to operate 
and control, achieve their results at a cost to the poWer 
converters’ modulation indices and/ or THDs (total harmonic 
distortion levels) of voltage and current, and in any event fail 
to eliminate the common-mode voltages. 

[0012] Other modi?ed poWer converter designs attempt to 
compensate for and nullify the common-mode voltages by 
producing anti-common-mode voltages through the use of 
additional sWitches, or through the use of isolation trans 
formers. HoWever, the use of additional sWitches can 
increase the complexity of controlling operation of the 
poWer converters, and can increase the cost of the poWer 
converters by increasing the number of circuit components. 
Further, Where transformers are employed, the transformers 
must be rated to handle the common-mode voltage levels. 
Also, the use of such transformers increases the cost of the 
poWer converters and, due to the siZe of the transformers, 
can increase the bulkiness of the poWer converters. 

[0013] Still additional modi?ed poWer converter designs 
employ additional passive L-C ?lters to suppress the com 
mon-mode voltages. The ?lters typically include both induc 
tors to block the high-frequency common mode voltages and 
capacitors to shunt the high frequency common-mode volt 
ages to ground. Conventionally, three-phase AC L-C ?lters 
are positioned betWeen the inverter of the poWer converter 
and the load, e.g., three different L-C ?lters are implemented 
as part of (e.g., in series With) the output nodes 38, 40 and 
42 betWeen the IGBTs 32, 34 and 36 and the load 6 shoWn 
in FIG. 1, in association With each of the different phases A, 
B, and C. While the use of such ?lters does succeed in 
reducing the levels of common-mode voltages, the ?lters do 
not necessarily achieve desired reductions, particularly inso 
far as the ?lters associated With each of the different phases 
A, B, and C do not necessarily operate in a collective manner 
that might address imbalances betWeen the common-mode 
voltages at the different phases A, B, and C. 

[0014] For at least these reasons, therefore, it Would be 
desirable if an improved poWer converter could be devel 
oped that generated reduced levels of common-mode volt 
ages than conventional poWer converters, or even entirely 
eliminated such common-mode voltages. Further, it Would 
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be advantageous if such an improved poWer converter did 
not require signi?cant numbers of costly additional compo 
nents, require physically large or bulky components, and did 
not require more complicated control techniques to be 
implemented in relation to controlling the operation of its 
sWitching devices or other components. In at least some 
embodiments, it Would be advantageous if such an improved 
poWer converter could serve as an improved drive that Was 
capable of providing improved three-phase AC poWer With 
reduced levels of common-mode voltages (or no common 
mode voltages) to three-phase AC motors or similar 
machines. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present inventors have recogniZed that at least 
some embodiments of an improved poWer converter gener 
ating reduced levels of common-mode voltages could be 
provided if one included, Within the poWer converter, both 
inductive components to ?lter the common-mode voltages 
and additionally an independent linkage coupling the three 
output phases With the three input phases so as to effectively 
connect a neutral point of the load With a grounded neutral 
point associated With the voltage source. In at least some 
such embodiments, the poWer converters are poWer convert 
ers employing both recti?ers and inverters. Further, depend 
ing upon the embodiment, the inductive components can be 
positioned on the output side of the inverter, on the input 
side of the recti?er, and/or betWeen the recti?er and the 
inverter. Also depending upon the embodiment, the inde 
pendent linkage can include, and/or couple the output phases 
and input phases by Way of, capacitors and/or resistors. 

[0016] More particularly, the present invention in at least 
some embodiments relates to a three-phase poWer converter. 
The three-phase poWer converter includes a recti?er section 
that receives ?rst, second and third AC input voltages at ?rst, 
second and third input ports of the recti?er section, respec 
tively, and an inverter section having at least one input node 
that is coupled at least indirectly to at least one output node 
of the recti?er section, Where the inverter section produces 
?rst, second and third output AC voltages at ?rst, second and 
third output ports of the inverter section, respectively. The 
three-phase poWer converter further includes at least one 
additional linkage coupling the ?rst, second and third output 
ports With the ?rst, second and third input ports, Whereby a 
grounded neutral point associated With the ?rst, second and 
third AC input voltages is thereby in communication With 
the ?rst, second and third output ports. 

[0017] Further, in at least some embodiments the present 
invention includes a voltage source inverter (VSI) poWer 
converter. The VSI poWer converter includes ?rst means for 
converting ?rst, second and third phases of AC input poWer 
received respectively at ?rst, second and third input ports 
into DC poWer, and second means for converting the DC 
poWer into ?rst, second and third phases of AC output poWer 
provided respectively at ?rst, second and third output ports. 
The VSI poWer converter also includes third means for 
?ltering common-mode energy generated at least in part by 
at least one of the ?rst and second means, and fourth means 
for linking the AC output ports With the AC input ports, 
Whereby a grounded neutral associated With the AC input 
ports is communicated to the AC output ports. 

[0018] Additionally, in at least some embodiments, the 
present invention relates to a method of reducing a common 



US 2007/0211501A1 

mode voltage associated With a VSI power converter. The 
method includes providing a plurality of common mode 
?lter inductors as part of the VSI poWer converter, Where the 
?lter inductors are connected at least indirectly to at least 
one of a recti?er section and an inverter section of the VSI 
poWer converter. The method further includes communicat 
ing a grounded neutral from a plurality of input ports of the 
VSI poWer converter to a plurality of output ports of the VSI 
poWer converter by Way of at least one additional linkage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic shoWing an exemplary Prior 
Art VSI poWer converter having a recti?er and an inverter 
coupled in betWeen a three-phase voltage source and a 
three-phase load; 
[0020] FIG. 2 is a schematic shoWing an improved VSI 
poWer converter in accordance With at least some embodi 
ments of the present invention, coupled in betWeen a three 
phase voltage source and a three-phase load; 

[0021] FIG. 3 is a schematic shoWing another improved 
VSI poWer converter in accordance With at least some 
additional embodiments of the present invention, coupled in 
betWeen a three-phase voltage source and a three-phase 
load; and 

[0022] FIGS. 4(a)-4(d) are ?rst, second, third and fourth 
graphs that shoW, respectively, exemplary time variation of 
the common mode voltage, exemplary frequency spectrum 
characteristics of the common mode voltage, exemplary 
time variation of output phase to ground voltage, and 
exemplary time variation of output phase current for the 
Prior Art VSI poWer converter of FIG. 1; and 

[0023] FIGS. 5(a)-5(d) are ?rst, second, third and fourth 
graphs that shoW, respectively, exemplary time variation of 
the common mode voltage, exemplary frequency spectrum 
characteristics of the common mode voltage, exemplary 
time variation of output phase to ground voltage, and 
exemplary time variation of output phase current for the 
exemplary improved VSI poWer converter of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0024] Referring to FIG. 2, a schematic is provided of a 
?rst exemplary improved poWer converter 52 that is coupled 
to a three-phase AC voltage source 54 and a three-phase load 
56. In the present embodiment, the poWer converter 52 is a 
voltage source inverter (VSI) that, as described in further 
detail beloW, includes a ?rst stage that is a recti?er 58 and 
a second stage that is an inverter 60. The three-phase AC 
voltage source 54 is intended to be representative of a 
variety of AC voltage sources that could provide ?rst, 
second and third phases of AC electrical poWer to the poWer 
converter 52 including, for example, a utility/poWer line or 
other voltage source, and is modeled as three separate 
voltage sources Va, Vb, and Vc. In the embodiment shoWn, 
the load 56 is a three-phase AC motor (e.g., an induction or 
synchronous motor), and is modeled as three resistors 146 
respectively in series With three inductors 148 that represent 
three different Windings of the motor, respectively. HoWever, 
the load 56 is also intended to be representative of other 
three-phase AC loads including, for example, other electro 
mechanical machines. 
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[0025] Further as shoWn in FIG. 2, the recti?er 58 of the 
poWer converter 52 includes ?rst, second and third pairs of 
insulated gate bipolar transistors (IGBTs) 62, 64 and 66, 
respectively. The IGBTs of each pair 62, 64 and 66 are 
coupled in series With one another betWeen ?rst and second 
nodes 68 and 70, respectively. Additionally as shoWn, ?rst 
and second capacitors 72 and 74 are coupled in series 
betWeen the ?rst and second nodes 68 and 70. The capacitors 
72, 74 serve to eliminate/reduce ripple in the voltage output 
by the recti?er 8. 

[0026] Additionally, ?rst, second and third additional 
nodes 76, 78 and 80, Which are respectively betWeen the 
IGBTs of the ?rst, second and third pairs 62, 64 and 66, 
respectively, are coupled to ?rst, second and third input ports 
82, 84 and 86, respectively of the recti?er 58, Which also are 
input ports of the overall poWer inverter 52. In the present 
embodiment, the ?rst, second and third input ports 82, 84 
and 86 are respectively coupled to the ?rst, second and third 
additional nodes 76, 78 and 80, respectively, by Way of ?rst, 
second and third input ?lter inductors 110, 112 and 114, 
respectively. The recti?er 58 operates to convert the three 
phases of AC poWer received at the ?rst, second and third 
input ports 82, 84 and 86 from the respective voltage sources 
Va, Vb and Vc into DC poWer With a DC voltage output 
across the nodes 68, 70. The recti?er 58 achieves the AC to 
DC conversion by Way of appropriate sWitching on and off 
(or pulsing on and o?) of the pairs of IGBTs 62, 64 and 66, 
Which is governed by a controller 50, Which can be a 
microprocessor or other control device (e.g., a program 
mable logic device). 

[0027] As for the inverter 60, it also is a PWM device that 
employs ?rst, second and third pairs of IGBTs 92, 94 and 96, 
respectively, Where the IGBTs of each pair 92, 94 and 96 are 
coupled in series With one another betWeen the ?rst and 
second nodes 68 and 70 (in parallel With the capacitors 72, 
74 and the IGBT pairs of the recti?er 58). SWitching 
operation of the pairs of IGBTs 92, 94 and 96 also is 
governed by the controller 50. Fourth, ?fth and sixth addi 
tional nodes 98, 100 and 102, respectively, Which are located 
betWeen the IGBTs of the ?rst, second and third pairs 92, 94 
and 96, respectively, output ?rst, second and third output AC 
voltages (shoWn as A, B and C) and are coupled respectively 
to ?rst, second and third output ports 104, 106 and 108, 
respectively, Which are output ports of the poWer converter 
52. More particularly, the fourth, ?fth and sixth additional 
nodes 98, 100 and 102 are respectively coupled to the 
respective output ports 104, 106 and 108 by Way of respec 
tive pairs of series-connected inductors, namely, inductors 
116 and 122, inductors 118 and 124, and inductors 120 and 
126. Each of the inductors 116, 118 and 120 is an output 
?lter inductor, While each of inductors 122, 124 and 126 is 
a common mode ?lter inductor that serves to ?lter out 
common mode voltage(s) and/or oppose common mode 
currents. As shoWn, the three common mode ?lter inductors 
122, 124 and 126 are magnetically coupled to one another so 
as to be mutually inductive. 

[0028] Additionally as shoWn, the ?rst, second and third 
input ports 82, 84 and 86 are respectively coupled to the ?rst, 
second and third output ports 104, 106 and 108, respectively, 
by Way of an additional link 128. More particularly, the ?rst, 
second and third input ports 82, 84 and 86 are each coupled 
to a resistor 130 by Way of ?rst, second and third capacitors 
132, 134 and 136, respectively, and the resistor 130 in turn 
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is coupled to each of the ?rst, second and third output ports 
104, 106 and 108 by Way of fourth, ?fth and sixth capacitors 
138, 140, and 142, respectively. The additional link 128 
provides a common-mode current pass and the resister 130 
serves as a damping resistor. By Way of the additional link 
128 formed by Way of the resistor 130 and the capacitors 
132-142, a ground of the voltage source 54, labeled g, is 
communicated from the input ports 82-86 to the output ports 
104-108. Consequently, not only are the common-mode 
voltages ?ltered out by the inductors 122-126, but also the 
ground is communicated to the load 56 such that a ground 
terminal of the load, labeled 0, is effectively coupled to 
actual ground. Thus, the ground terminal 0 does not have a 
large non-Zero voltage, and the voltage of ground terminal 0 
does not oscillate substantially about actual ground g by Way 
of any stray capacitance 144. As a result, the common-mode 
voltages generated by the operation of the poWer converter 
52 are substantially reduced, if not eliminated. 

[0029] While FIG. 2 shoWs one embodiment of the poWer 
converter 52, the present invention is also intended to 
encompass other embodiments of poWer converters, particu 
larly other VSI poWer converters. For example, in another 
embodiment, the common mode ?lter inductors 122, 124 
and 126 shoWn in FIG. 2 could be moved from the locations 
shoWn in FIG. 2 instead to locations betWeen the input ports 
82, 84 and 86, and the inductors 110, 112 and 114, respec 
tively. In further embodiments, the inductors 116 and 122 
could be uni?ed as a single inductor, as could the inductors 
118 and 124, and the inductors 122 and 126. Similarly, in 
embodiments Where the inductors 122, 124 and 126 Were 
moved to the recti?er-side of the poWer converter 52, the 
inductor 122 could be uni?ed With the inductor 110 as a 
single inductor, as could the inductor 124 With the inductor 
112 and the inductor 126 With the inductor 114. Further, 
insofar as the pairs of inductors 116 and 122, 118 and 124, 
and 120 and 126 are series-connected, the relative positions 
of the inductors of each pair of inductors could be reversed 
(the same Would be true if the inductors 122, 124 and 126 
Were positioned on the recti?er-side of the poWer converter 
52). The particular sWitching devices used in the recti?er 58 
and the inverter 60 could also be varied from the lGBTs 
shoWn. 

[0030] Turning to FIG. 3, a further exemplary embodi 
ment of improved poWer converter 152 is shoWn to be 
coupled betWeen the same three-phase voltage source 54 and 
three-phase load 56 as Were shoWn in FIG. 2. The poWer 
converter 152 is largely the same as the poWer converter 52 
in terms of its controller 50, recti?er 58, and inverter 60 (and 
associated lGBTs). Additionally, the poWer converter 152 
has the identical additional link 128 With the resistor 130 and 
the capacitors 132-142 linking the input ports 82-86 of the 
poWer converter With the output ports 104-108 of the poWer 
converter. Further, the poWer converter 152 has the same 
inductors 110-114 and 116-120 connected betWeen the input 
ports 82-86 and the recti?er 58 and betWeen the inverter 60 
and the output ports 104-108, respectively. HoWever, in 
contrast to the poWer converter 52, the poWer converter 152 
does not employ the three common mode ?lter inductors 
122-126 (either betWeen the inverter 60 and the output ports 
104-108 or betWeen the recti?er 58 and the input ports 
82-86), but rather employs a modi?ed con?guration in 
Which only ?rst and second intermediate inductors 154 and 
156 are employed. 
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[0031] More particularly as shoWn, rather than employing 
the inductors 122-126 in connection With each of three 
phases either being input to the recti?er 58 or being output 
by the inverter 60, the poWer converter 152 instead employs 
the tWo intermediate inductors 154, 156 in betWeen the 
recti?er 58 and the inverter 60 such that the inductors form 
a choke that affects the DC poWer being communicated 
betWeen the recti?er and the converter. As shoWn, the 
inverter 60 is not directly coupled to the recti?er 58 or to its 
?rst and second nodes 68 and 70. Rather, the nodes of the 
inverter 60 betWeen Which the pairs of lGBTs 92-96 are 
coupled, Which are referred to as ?rst and second nodes 168 
and 170 to distinguish those nodes from the ?rst and second 
nodes 68 and 70 of the recti?er 58 (albeit the nodes of the 
inverter 60 Would physically be the same as the nodes of the 
inverter described With reference to FIG. 2), are respectively 
coupled to the ?rst and second inductors 154 and 156, 
respectively, Which in turn are coupled to the ?rst and 
second nodes 68 and 70 of the recti?er 58. Additionally, 
While ?rst and second capacitors 172 and 174 (Which serve 
to remove ripple) are series-connected betWeen the ?rst and 
second nodes 68 and 70 of the recti?er 58, third and fourth 
capacitors 176 and 178 (Which also serve to remove ripple) 
additionally are series-connected betWeen the nodes 168 and 
170 of the inverter 60. 

[0032] Further as shoWn, the ?rst and second inductors 
154 and 156 are magnetically coupled to provide mutual 
inductance betWeen those chokes, and serve to ?lter com 
mon mode voltages. By utilizing tWo inductors 154, 156 
instead of the three inductors 122, 124 and 126 shoWn in 
FIG. 2, the poWer converter 152 of FIG. 3 has certain 
advantages over the poWer converter 52 of FIG. 2. In 
particular, because inductors require relatively large Winding 
structures, the embodiment of FIG. 3 in Which only tWo 
inductors are employed can be physically smaller in com 
parison With the embodiment of FIG. 2 employing three 
inductors. Also, the negative effects of the reactive current 
due to the load 56, Which include increased ratings and 
Winding losses, are reduced by moving the chokes to the DC 
stage of the poWer converter as shoWn in FIG. 3. 

[0033] The exact degree to Which the common-mode 
voltages are reduced due to the operation of the common 
mode ?lter inductors 122-126 and the additional link 128 of 
the poWer converter 52, as Well as due to the operation of the 
common-mode ?lter inductors 154 and 156 and the addi 
tional link 128 of the poWer converter 152, can vary depend 
ing upon the embodiment. The reduction in the common 
mode voltages, hoWever, can be substantial. Turning to 
FIGS. 4 and 5, for example, the common-mode voltages 
produced at the output of a conventional poWer converter 
(e.g., the poWer converter 2 of FIG. 1) can be quite large, as 
shoWn in FIG. 4(a). By comparison, the poWer converter 
152 of FIG. 3 produces substantially no common-mode 
voltages, as shoWn in FIG. 5(a). (It should be noted that the 
particular time varying common voltages shoWn in FIGS. 
4(a) and 5(a) are only intended to be exemplary.) 

[0034] In addition to shoWing exemplary time variation of 
common mode voltages for the poWer converters 2 and 152 
in FIGS. 4(a) and 5(a), FIGS. 4(b) and 5(b) respectively 
shoW exemplary frequency spectra of the common mode 
voltages produced by the respective poWer converters 2 and 
152, FIGS. 4(c) and 5(0) respectively shoW exemplary time 
variation of the output phase to ground voltages of the 
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respective power converters 2 and 152 (e.g., the voltages 
betWeen the nodes labeled A in FIGS. 1 and 3 and ground), 
and FIGS. 4(d) and 5(d) respectively shoW exemplary time 
variation of output phase currents of the respective poWer 
converters 2 and 152. As shoWn, the magnitudes of the 
common mode voltage spectra produced by the poWer 
converter 152 of FIG. 3 as shoWn in FIG. 5(b) are much less 
than the magnitudes of the common mode voltage spectra 
produced by the poWer converter 2 of FIG. 1 as shoWn in 
FIG. 4(b). Also, the ripple in each of the output phase to 
ground voltage and the output phase current produced by the 
poWer converter 152 as shoWn in FIGS. 5(c) and 5(d), 
respectively, is much less than the ripple in each of the 
output phase to ground voltage and the output phase current 
produced by the poWer converter 2 as shoWn in FIGS. 4(c) 
and 4(d), respectively. It should further be noted that the 
results shoWn in FIGS. 5(a)-5(d), although particularly 
pertaining to the poWer converter 152 shoWn in FIG. 3, are 
also substantially representative of the corresponding sig 
nals that Would be produced by the poWer converter 52 of 
FIG. 2. 

[0035] In addition to the above-described embodiments, 
still further embodiments of the present invention are also 
possible. For example, While the additional links 128 
described above include tWo sets of three capacitors coupled 
to a single resistor, in other embodiments the additional links 
could take other forms. For example, one of the sets of three 
capacitors (either those connected to the input ports or those 
connected to the output ports) could be replaced With a set 
of three resistors. As in the examples shoWn in FIGS. 2 and 
3, the resistor 130 or 230 Would still be present as an 
intermediate device to Which all of the three capacitors and 
all of the three resistors Were connected. Further for 
example, in each of the embodiments shoWn in FIGS. 2 and 
3, pairs of tWo capacitors (e.g., capacitors 72 and 74, 
capacitors 172 and 174, and capacitors 176 and 178) are 
connected in series betWeen the nodes 68 and 70 or 168 and 
170. In other embodiments, hoWever, the capacitors of each 
pair can be combined into a single capacitor. 

[0036] Additionally, in embodiments employing pairs of 
capacitors as shoWn in FIGS. 2 and 3, it is possible to modify 
the poWer converters to include additional sWitching struc 
tures connected betWeen the output ports 104-108 and one or 
more of the intermediate nodes existing betWeen the capaci 
tors of each pair. For example, With respect to the poWer 
converter shoWn in FIG. 2, the poWer converter could be 
modi?ed to include additional sWitching components that 
coupled each of the respective ?rst, second and third output 
ports 104-108 to an intermediate node labeled Z betWeen the 
capacitors 72 and 74. By recon?guring the poWer converter 
52 in this manner, a modi?ed version of that poWer converter 
having a three-level topology (or “neutral point clamped 
bridge” topology) can be achieved. Similar modi?cations 
could be made to the poWer converter 152 of FIG. 3, in 
Which the output ports 104-108 Were coupled to an inter 
mediate node betWeen the capacitors 176 and 178 labeled Z2 
(or even betWeen those output ports and the intermediate 
node labeled Z1 betWeen the capacitors 172 and 174). 

[0037] The present invention is intended to encompass a 
Wide variety of poWer converters not limited to those 
described above. Depending upon the embodiment, the 
poWer converters can be utiliZed in connection With loW 
voltage/loW poWer (e.g., voltages up to 1100 volts AC), 
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medium voltage/medium poWer (e.g., betWeen 2300 and 
7200 volts AC), and even high voltage/high poWer systems. 
While the poWer converters 52 and 152 employ particular 
designs of a recti?er and an inverter having particular bridge 
designs (e.g., con?gurations of sWitching and/ or recti?cation 
devices), the present invention is also intended to encompass 
other embodiments of poWer converters employing other 
designs of recti?ers and inverters, including other designs of 
recti?ers and inverters With di?cerent bridge arrangements. 
Further, as noted above, the particular sWitching devices 
employed in the inverters need not be IGBTs, but rather 
could also be SCRs, GTOs, GCTs, and other sWitching 
devices. Likewise, the sWitching devices employed in the 
recti?ers need not be IGBTs, but also could instead be SCRs, 
GTOs, GCTs, other sWitching devices, or even non-sWitch 
ing devices such as diodes. 

[0038] Additionally, While the above-described embodi 
ments are voltage source inverter (VSI) poWer converters, 
the present invention is also intended to encompass current 
source inverter (CSI) poWer converters. In VSI poWer con 
verters such as those discussed above, the DC link portion 
of the poWer converter (that is, those components of the 
poWer converter that are connected betWeen the recti?er and 
the inverter, such as the capacitors 72, 74, 172, 174, 176, 178 
and inductors 154, 156 discussed above) generally includes 
one or more capacitors that are coupled betWeen either the 
pair of output terminals of the recti?er or the pair of input 
terminals of the inverter, or both (e.g., the capacitors 72, 74, 
172, 174, 176 and 178). Nevertheless, the present invention 
is also intended to encompass embodiments that are CSI 
poWer converters, such that the DC link portion of the poWer 
converter includes tWo or more inductors that link the 
respective output ports of the recti?er With the respective 
input ports of the inverter (e.g., With one inductor linking 
ports 68 and 168 of FIG. 3, and another inductor linking 
ports 70 and 170). In such embodiments, common-mode 
chokes corresponding to the common mode ?lter inductors 
154, 156 Would still be employed, for example, as shoWn in 
FIG. 2 proximate the output ports of the poWer converter, or 
respectively in series With the inductors of the DC link 
portion betWeen the output ports of the recti?er and the input 
ports of the inverter. 

[0039] It is speci?cally intended that the present invention 
not be limited to the embodiments and illustrations con 
tained herein, but include modi?ed forms of those embodi 
ments including portions of the embodiments and combina 
tions of elements of di?cerent embodiments as come Within 
the scope of the folloWing claims. 

1. A three-phase poWer converter comprising: 

a recti?er section that receives ?rst, second and third AC 
input voltages at ?rst, second and third input ports of 
the recti?er section, respectively; 

an inverter section having at least one input node that is 
coupled at least indirectly to at least one output node of 
the recti?er section, Wherein the inverter section pro 
duces ?rst, second and third output AC voltages at ?rst, 
second and third output ports of the inverter section, 
respectively; and 

at least one additional linkage coupling the ?rst, second 
and third output ports With the ?rst, second and third 
input ports, Whereby a grounded neutral point associ 
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ated With the ?rst, second and third AC input voltages 
is thereby in communication With the ?rst, second and 
third output ports. 

2. The three-phase poWer converter of claim 1, Wherein 
the at least one additional linkage includes ?rst, second and 
third capacitors coupled respectively betWeen the ?rst, sec 
ond and third output ports and a ?rst intermediate node, 
fourth, ?fth and sixth capacitors coupled respectively 
betWeen the ?rst, second and third input ports and a second 
intermediate node, and a resistor coupling the ?rst and 
second intermediate nodes. 

3. The three-phase poWer converter of claim 1, Wherein 
the at least one additional linkage includes ?rst, second and 
third capacitors coupled respectively betWeen the ?rst, sec 
ond and third output ports and a ?rst intermediate node, ?rst, 
second and third resistors coupled respectively betWeen the 
?rst, second and third input ports and a second intermediate 
node, and a fourth resistor coupling the ?rst and second 
intermediate nodes. 

4. The three-phase poWer converter of claim 1, Wherein 
the at least one additional linkage includes ?rst, second and 
third resistors coupled respectively betWeen the ?rst, second 
and third output ports and a ?rst intermediate node, ?rst, 
second and third capacitors coupled respectively betWeen 
the ?rst, second and third input ports and a second interme 
diate node, and a fourth resistor coupling the ?rst and second 
intermediate nodes. 

5. The three-phase poWer converter of claim 1, Wherein 
the at least one additional linkage includes at least one 
damping resistor. 

6. The three-phase poWer converter of claim 1, Wherein 
the converter one of a voltage source inverter (V SI) and a 
current source inverter (CSI). 

7. The three-phase poWer converter of claim 1, Wherein 
the inverter section includes a plurality of sWitching devices. 

8. The three-phase poWer converter of claim 7, Wherein 
the sWitching devices are selected from the group consisting 
of insulated gate bipolar transistors lGBTs, silicon-con 
trolled recti?ers (SCRs), gate turn-olfthyristors (GTOs), and 
gate commutated thyristors (GCTs). 

9. The three-phase poWer converter of claim 1, Wherein 
the recti?er section includes at least one of a plurality of 
sWitching devices and a plurality of diodes. 

10. The three-phase poWer converter of claim 1, Wherein 
the at least one output node of the recti?er includes ?rst and 
second output nodes, Wherein the at least one input node of 
the inverter includes ?rst and second input nodes, Wherein 
the respective ?rst and second output nodes are coupled at 
least indirectly to the ?rst and second input nodes, respec 
tively, and Wherein a ?rst capacitor is coupled betWeen at 
least one of the ?rst and second output nodes of the recti?er 
section and the ?rst and second input nodes of the inverter 
section. 

11. The three-phase poWer converter of claim 10, Wherein 
the recti?er produces a ?rst substantially DC voltage across 
the ?rst and second output nodes, and the inverter receives 
across the ?rst and second input nodes at least one of the ?rst 
substantially DC voltage and a second substantially DC 
voltage based at least in part upon the ?rst substantially DC 
voltage. 

12. The three-phase poWer converter of claim 10, further 
comprising a second capacitor coupled in series With the ?rst 
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capacitor, betWeen the ?rst and second output nodes, and an 
additional node existing betWeen the ?rst and second capaci 
tors. 

13. The three-phase poWer converter of claim 12, Wherein 
the three-phase poWer converter has a three-level topology 
in Which each of the ?rst, second and third output ports are 
coupled to at least one of the additional node and a further 
node by Way of at least one additional sWitching device. 

14. The three-phase poWer converter of claim 1, further 
comprising at least one ?lter component that at least one of 
forms part of the recti?er section, forms part of the inverter 
section, and is coupled betWeen the recti?er and inverter 
sections, Wherein the ?lter component is con?gured to ?lter 
out at least a portion of a common-mode signal. 

15. The three-phase poWer converter of claim 14, Wherein 
the at least one ?lter component includes at least one 
inductor. 

16. The three-phase poWer converter of claim 15, Wherein 
the at least one inductor includes ?rst and second inductors, 
Wherein the ?rst inductor is coupled betWeen a ?rst output 
node of the recti?er and a ?rst input node of the inverter, and 
Wherein the second inductor is coupled betWeen a second 
output node of the recti?er and a second input node of the 
inverter. 

17. The three-phase poWer converter of claim 15, Wherein 
the at least one inductor includes at least tWo inductors, and 
Wherein the at least tWo inductors are mutually inductive. 

18. The three-phase poWer converter of claim 15, Wherein 
the at least one inductor includes ?rst, second and third 
inductors Within the inverter section, coupled at least indi 
rectly betWeen ?rst, second and third pairs of sWitching 
devices of the inverter section, respectively, and the ?rst, 
second and third output ports, respectively. 

19. The three-phase poWer converter of claim 15, Wherein 
the at least one inductor includes ?rst, second and third 
inductors Within the recti?er section, coupled at least indi 
rectly betWeen ?rst, second and third pairs of recti?cation 
devices of the recti?er section, respectively, and the ?rst, 
second and third input ports, respectively. 

20. The three-phase poWer converter of claim 1, Wherein 
the poWer converter operates as a motor drive, and Wherein 
the poWer converter serves to reduce a common-mode 
voltage experienced by a motor coupled to and driven by the 
motor drive. 

21. A voltage source inverter (VSI) poWer converter 
comprising: 

?rst means for converting ?rst, second and third phases of 
AC input poWer received respectively at ?rst, second 
and third input ports into DC poWer; 

second means for converting the DC poWer into ?rst, 
second and third phases of AC output poWer provided 
respectively at ?rst, second and third output ports; 

third means for ?ltering common-mode energy generated 
at least in part by at least one of the ?rst and second 
means; and 

fourth means for linking the AC output ports With the AC 
input ports, not by Way of a ground connection, 
Whereby a grounded neutral associated With the AC 
input ports is communicated to the AC output ports. 

22. The VSI poWer converter of claim 21, further com 
prising ?rst and second capacitors coupled betWeen ?rst and 
second intermediate nodes existing betWeen the ?rst means 
and the second means. 
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23. A method of reducing a common-mode voltage asso 
ciated With a VSI power converter, the method comprising: 

providing a plurality of common mode ?lter inductors as 
part of the VSI poWer converter, Wherein the ?lter 
inductors are connected at least indirectly to at least one 
of a recti?er section and an inverter section of the VSI 

poWer converter; and 

communicating a grounded neutral from a plurality of 
input ports of the VSI poWer converter to a plurality of 
output ports of the VSI poWer converter by Way of at 
least one additional linkage. 
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24. The method of claim 23, Wherein no portion of the at 
least one additional linkage forming a direct path betWeen 
the input ports and the output ports is connected directly to 
ground, and Wherein the communicating of the grounded 
neutral results in a reduction of the common-mode voltage 
experienced by a load of the VSI poWer converter. 

25. The VSI poWer converter of claim 21, Wherein the 
poWer converter serves to reduce a common-mode voltage 
experienced by a load coupled to the poWer converter. 


