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(54) Power quality control

(57) An integrated power quality control system (60)
includes a transformer (62) with a primary winding (64),
a secondary winding (66, 74) and a compensation wind-
ing (68, 75) wound on a magnetic core (158). A power
electronic converter (78) in the system provides a refer-

ence voltage to the compensation winding (68, 75) for
injecting a series voltage in the secondary winding (66,
76) of the transformer. A controller (80) is utilized to gen-
erate the reference voltage for the power electronic con-
verter (78) based on a power quality control requirement.
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Description

BACKGROUND

[0001] Embodiments of the system relate generally to
an electric power grid and more specifically to power
quality in a distribution network.
[0002] The basic structure of an electric power system
comprises various hardware elements such as genera-
tors, transformers, and real-time monitoring equipment,
and software such as power flow analysis software, fault
detection software, and restoration software for genera-
tion, transmission, and distribution of electricity.
[0003] With increased distributed generation, the inte-
gration of distributed generators into existing power sys-
tems presents technical challenges such as voltage reg-
ulation, stability, and power quality issues. Power quality
is an essential customer-focused measure and is greatly
affected by the operation of a distribution and transmis-
sion network.
[0004] In general, power system operators ensure the
quality of the power supplied to the customers by main-
taining the load bus voltages within their permissible lim-
its. Any changes to the system configuration or in power
demands can result in higher or lower voltages in the
system. In some situations the variability of the voltage
level can be improved by reallocating the reactive power
generated in the system such as by adjusting transformer
taps and by switching volt-ampere reactive (VAR) sourc-
es such as capacitor banks. Another option is to use a
series transformer to adjust the feeder voltages. Howev-
er, transformer taps have limitations on the number of
switchings per year and is not a satisfactory solution for
frequent voltage variations. Furthermore, capacitor
banks and the series transformer tend to require separate
installations and may not work adequately for a lower
reactance to resistance (X/R) ratio. Further the series
transformer requires breaking the feeder line for instal-
lation.
[0005] For these and other reasons, there is a need
for an improved power quality control system.

BRIEF DESCRIPTION

[0006] In accordance with one aspect of the present
invention an integrated power quality control system is
provided. The system includes a transformer including a
primary winding, at least one secondary winding and at
least one compensation winding wound on a magnetic
core. The system further includes a power electronic con-
verter providing a reference voltage to the compensation
winding for injecting a series voltage in the secondary
winding and a controller to generate the reference volt-
age for the power electronic converter based on a power
quality control requirement.
[0007] In accordance with another aspect of the
present invention a method of controlling power to a load
is provided. The method includes providing a transformer

including a primary winding, at least one secondary wind-
ing and at least one compensation winding wound on a
magnetic core and generating a reference voltage for a
power electronic converter based on a power quality con-
trol requirement. The method further includes utilizing
the power electronic converter to provide the reference
voltage across the compensation winding for injecting a
series voltage in the secondary winding.

DRAWINGS

[0008] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 a is a single line diagram of a distribution sys-
tem;

FIG. 1b illustrates the effect of voltage drop based
on the distance from the distribution sub-station;

FIG. 2 is a schematic representation of a pole mount-
ed distribution transformer;

FIG. 3 is a schematic representation of an integrated
power quality control system in accordance with an
embodiment of the present system;

FIG. 4a and 4b are schematic representation of two
exemplary single phase converters utilized in a pow-
er electronic converter of FIG. 3 in accordance with
embodiments of the present system;

FIG. 5 is a block diagram representation of a con-
troller for power electronic converters in accordance
with an embodiment of the present system;

FIG. 6 is a schematic representation of one embod-
iment of the integrated power quality control system
in accordance with an embodiment of the present
system;

FIG. 7 is a schematic diagram of another embodi-
ment of the integrated power quality control system
in accordance with an embodiment of the present
system;

FIG. 8 is a schematic representation of yet another
embodiment of the integrated power quality control
system in accordance with an embodiment of the
present system; and

FIG. 9 is a schematic representation of an embodi-
ment of a three phase integrated power quality con-
trol system in accordance with an embodiment of the
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present system.

DETAILED DESCRIPTION

[0009] The embodiments described herein are direct-
ed to an integrated power quality control system that uti-
lizes a distribution transformer with an active compensa-
tion winding therein to compensate for voltage fluctua-
tions. While embodiments of the integrated power quality
control system will be described in the context of the dis-
tribution transformer and for voltage fluctuations, it will
be appreciated by those skilled in the art that the inte-
grated power quality control system can be used with
other transformers such as transmission transformer and
for other applications such as a harmonic compensation
as well.
[0010] A power system typically comprises of three
stages, namely i) generation, ii) transmission and iii) dis-
tribution. Power is generated typically in the range of 1
kV to 30 kV and then transmitted at higher voltage such
as 230 kV - 765 kV to a distribution station. At the distri-
bution station the voltage is again reduced to various
levels in the range of 120 volts to 35 kV depending on
the customer type. A number of transformers are utilized
to transform/change the voltage levels from generating
stations before it reaches the customers.
[0011] FIG. 1a illustrates a single line diagram of a dis-
tribution system 10 and FIG. 1b shows a simulation result
representing corresponding graphical plot 30 of voltages
at various load points in distribution system 10. The dis-
tribution system 10 includes a distribution substation 12
having a distribution transformer 14 and loads 16 con-
nected to a feeder 18. The distribution substation 12 may
receive power from one or more transmission substations
(not shown). Distribution transformer 14 may be a three
phase transformer or a single phase transformer depend-
ing on type of load 16 i.e., industrial or residential. Dis-
tribution system 10 may further include a pole mounted
distribution transformer (not shown) connected to feeder
18 to supply power to loads 16.
[0012] Graphical plot 30 is a simulation result and
shows two graphs 36, 38 for a high load period and a low
load period respectively. A horizontal axis 32 in plot 30
represents a distance of the loads 16 from distribution
substation 12 and a vertical axis 34 represents voltage
at the load point on feeder 18. The feeder 18 has some
amount of impedance per unit length (Z) which causes
a voltage drop IZ volts per unit length, where I is the
current flowing in the feeder. Thus, loads 16 connected
along the length of the feeder 18 will have different volt-
age levels, and the load at the far-end of the feeder 18
has the lowest voltage. As can be seen from plot 38, the
voltage at the distribution substation end 12 of the feeder
is 1.02 pu. However, the voltage at feeder far-end for the
corresponding Load 3 is about 0.97 pu (e.g., residential
customers would be seeing about 116 volts instead of
120). If the load were to increase, the far-end voltage
would drop to an even lower value (i.e., from 1.02 pu to

0.96 pu) as can be seen from graph 36.
[0013] Another reason for load voltage fluctuation is
variation in active and reactive power supplied by distrib-
uted generation such as solar and wind. For example, in
one embodiment, solar power generation may be located
at far end of feeder 18. In such a case, a load variation
may occur at center of the feeder. As a result, the system
should regulate the voltage along the feeder 18 in either
direction for variations in load and distributed genera-
tions.
[0014] FIG. 2 shows a schematic diagram of a pole
mounted distribution transformer 40 which supplies pow-
er to residential houses. Pole mounted distribution is a
term that includes pole mounted distribution transform-
ers, underground distribution transformers, as well as
any comparable distribution system that is used to supply
power to at least one load source such as residential
houses, businesses, government offices, schools, and
any combination thereof. Pole mounted distribution
transformer 40 includes a primary winding 42 which re-
ceives power from distribution substation 12 (FIG. 1) typ-
ically at a medium voltage Vm. A secondary winding 44
of pole mounted distribution transformer 40 is a split
phase winding. In this example, secondary winding 44 is
split into two parts by a center tap 46 of secondary winding
44. The rated voltage across secondary windings termi-
nals P1 and P2 is generally a low voltage V1, which is
less than the medium voltage Vm. In one embodiment,
the medium voltage Vm may be 7200 volts and low volt-
age may be 240 volts. The center tap 46 provides three
wires on the secondary side. The three wires on the sec-
ondary side are a center tap N at, a secondary winding
terminal P1 is at Vs1 volts with respect to center tap N,
and another secondary winding terminal P2 is at Vs2
volts with respect to center tap N. In general, V1 is equal
to the summation of of Vs1 and Vs2.
[0015] A load can be connected between terminals P1
and N for voltage output Vs1, between terminals P2 and
N for Vs2 voltage output, and a V1 volts connection is
obtained by connecting the load across the terminals P1
and P2. It should be understood that as the voltage
across any of these terminals varies, loads connected to
these terminals are affected. For example, lights may
glow brighter or dimmer, and can even cause incandes-
cent bulbs to blow prematurely. Poor power supply can
also cause electronic equipment to fail (especially com-
puters) and may cause interference of radio or television
reception. In accordance with an embodiment of the
present system, a compensation winding is included in
transformer 40 to regulate output voltage of the trans-
former 40 so that customers can receive high quality pow-
er supply.
[0016] FIG. 3 shows an integrated power quality con-
trol system 60 in accordance with an embodiment of the
present technique. Integrated power quality control sys-
tem 60 includes a distribution transformer 62 having a
primary winding 64, a first secondary winding 66, a sec-
ond secondary winding 74, and a first compensation
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winding 68 and a second compensation winding 75. In
the embodiment shown, there are two compensation
windings 68, 75 connected in series with two output ter-
minals 70 and 72 of the secondary winding 66, 74, how-
ever, in another embodiment, a single compensation
winding may also be utilized. In yet another embodiment,
at least one compensation winding may be connected in
series with primary winding 64.
[0017] In one embodiment, compensation windings
68, 75 share a magnetic core with distribution transformer
62 i.e., compensation windings 68, 75 are wound on the
same core as primary winding 64 and secondary winding
66 and 74. The advantage of utilizing a common magnetic
core is a space reduction and cost reduction for cooling
and packaging of compensation windings 68, 75. A pow-
er electronic converter 78 controls voltage across com-
pensation windings 68, 75 based on a reference voltage
signal 82 resulting into control of a magnetic flux in the
magnetic core and thus, voltage across secondary wind-
ings 66, 74 is controlled. The reference voltage signal 82
is generated by a controller 80 and is based on a feedback
signal 83 from output terminals of distribution transformer
62. In one embodiment, the feedback signal 83 may be
a combination of voltage signals or current signals or
combinations thereof obtained by voltage and/or current
sensors (not shown).
[0018] In one embodiment, power electronic converter
78 includes single phase converters 88 and 84 coupled
to compensation windings 68, 74 respectively to control
voltage across compensation windings 68, 74. Further-
more, power electronic converter 78 may include another
single phase converter 86 to charge a common direct
current (DC) link (not shown) for all single phase con-
verters 88, 84 and 86. Single phase converter 86 charges
the common DC link by fetching active power from trans-
former 62. In one embodiment, to fetch active power from
transformer 62 single phase converter 86 injects appro-
priate current at output terminals 70, 72. In one embod-
iment, single phase converters 88, 84 and 86 may be
bidirectional converters i.e., converters which convert
power from alternating current (AC) to direct current (DC)
and/or DC to AC.
[0019] In general, all converters 88, 84 and 86 are bi-
directional, have a common DC link and exchange real
or active power with distribution transformer 62. More
often single phase converters 88 and 84 supply active
power to distribution transformer 62 which results in dis-
charging of the common DC link and then single phase
converter 86 receives active power from distribution
transformer 62 to charge the DC link back to its original
stage.
[0020] FIG. 4a and FIG. 4b shows two exemplary sin-
gle phase converters 90, 100 utilized in power electronic
converters such as the power electronic converter 78 of
FIG. 3. Single phase converter 90 is a full bridge network
made up of two parallel connected legs 97, 98 each hav-
ing semiconductor devices 91, 92, and 93, 94 connected
in series respectively. A DC link 95 is connected in par-

allel with the two legs 97, 98. An output connection 96 of
single phase converter 90 is taken at mid-points of both
legs 97, 98. Semiconductor devices may include insulat-
ed gate bipolar transistors (IGBTs) or metal oxide field
effect transistors (MOSFETs).
[0021] Referring to FIG. 4b, single phase converter 100
is a half bridge network made up of a split DC link 107
connected in parallel with a power converter leg 106.
Power converter leg 106 includes two semiconductor de-
vices 101 and 102 connected in series and split DC link
107 includes two DC link capacitors 103, 104 connected
in series. An output connection 105 of single phase con-
verter 100 is taken at mid-points of power converter leg
106 and split DC link 107. As discussed herein any of
these single phase converter 90, 100 may be connected
across the compensation windings to control its voltage
or connected across two power terminals of a transformer
to charge the DC link. Furthermore, other embodiments
of single phase converters that occur to one skilled in the
art are also within the scope of the system.
[0022] FIG. 5 shows a controller 110 for power elec-
tronic converters of FIG. 4 in accordance with embodi-
ments of the present technique. In the embodiment
shown, controller 110 includes compensation winding
sub-controller 112 for single phase converter (82 or 84
of FIG. 3) which controls voltage across the compensa-
tion winding and DC link sub-controller 114 for single
phase converter 86 (FIG. 3) which controls the DC link.
In one embodiment, where two compensation windings
are utilized in the distribution transformer, two compen-
sation winding sub-controllers 112 may be used. Con-
troller 110 receives feedback signals 116 such as output
voltage and output current at each of the terminal of the
distribution transformer 62 and a DC link voltage magni-
tude from power electronic converter 78.
[0023] Compensation winding sub-controller 112 in
this example includes a voltage magnitude and phase
calculation module 118 which determines a magnitude
and a phase of output voltage of distribution transformer
62. An error detection module 122 compares the magni-
tude and the phase of output voltage of distribution trans-
former 62 with a reference voltage magnitude and phase
120 to determine error signals 124. Error signals are then
fed to proportional - integral (PI) controllers 126 which,
based on error signals, determine magnitude and phase
for a series voltage that are added to output voltage to
obtain the reference voltage and reduce the error signal
to approximately zero. An equivalent voltage generation
and pulse width modulation (PWM) module 128 then gen-
erates PWM pulses for single phase converter 88 or 84.
In one embodiment, turns ratio between the compensa-
tion winding and the secondary winding are also taken
into consideration for generating the PWM pulses as dis-
cussed herein.
[0024] For illustrative purposes, voltage ratio between
two windings of a transformer can be given as
V1/V2=N1/N2, where V1 and V2 are voltages across
transformer windings with number of turns equal to N1
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and N2 respectively. Assume a transformer secondary
winding voltage is V2 (No center tap) and turns ratio
N1/N2 between primary winding and secondary winding
is 30/1 and turns ratio N3/N2 between compensation
winding and secondary winding is 3/1. In one embodi-
ment, V2 is set to be equal to 120 volts (i.e., V1=3600
volts), however, when measured V2 is actually 110 volts
(i.e., V1=3300 volts). This suggests that a series voltage
Vser of 10 volts need to be added in V2 to make it equal
to the reference value which is 120 volts. In this case,
voltage V2 can be adjusted by 10 volts by either increas-
ing V1 by 300 volts or making V3 equal to 30 volts. Thus,
equivalent voltage generation and PWM module 128 first
calculates V3 from Vser determined by PI controllers 126
and then generates PWM pulses for single phase con-
verter 88 or 84.
[0025] The reference voltage magnitude and phase
120 is determined based on a power quality control re-
quirement and is determined by the system operator or
by another small controller (not shown). The power qual-
ity control requirement includes one of a voltage regula-
tion, power factor correction, harmonic distortion com-
pensation, and reactive power compensation. For exam-
ple, if the power quality control requirement is voltage
regulation, then the reference output voltage may be fed
into the system by the operator and the reference voltage
that needs to be injected may be determined by vector
subtraction of the reference output voltage and the meas-
ured distribution transformer output voltage (i.e., Vs-
er=Vref-V2). However, if the power quality control re-
quirement is reactive power compensation, then a sec-
ond controller may determine actual reactive power and
compare it with reference reactive power to find out the
reference voltage magnitude and phase. Similarly a sec-
ond controller may be utilized for generating the refer-
ence voltage magnitude and phase in case of a harmonic
compensation requirement.
[0026] DC link sub-controller 114 includes an error de-
tection module 130 which determines difference between
actual DC voltage 132 and a reference DC voltage 134
and provides an error signal 136 to a PI controller 138.
PI controller 138 then determines a magnitude or ampli-
tude modulation ratio for a PWM module 142 which then
generates PWM pulses for single phase converter 86.
[0027] It should be noted that in FIG. 5, only an exam-
ple controller is shown. However, other controllers to con-
trol voltage across the compensation winding or to control
the DC link voltage and modification to the controller dis-
closed herein are within the scope of the present system.
For example, in an embodiment (e.g., in case of a fault),
compensation winding sub-controller 112 and DC link
sub-controller 114 may be coupled as shown by a dotted
line 113 and there may cross couple of some compo-
nents.
[0028] FIG. 6 shows a schematic diagram of one em-
bodiment of the integrated power quality control system
150. Integrated power quality control system 150 in-
cludes a transformer 152 having a primary winding 154

and a secondary winding 156 wound on a magnetic core
158. A compensation winding 160 is further wound on
magnetic core 158 in continuation to primary winding
154. A power electronic converter 162 is connected in
parallel across two input terminals 164, 166 of primary
winding 154 and is controlled to receive active power
from input terminals 164, 166 to charge a DC link as
discussed herein. Output terminals 168, 170 of power
electronic converter 162 are further connected across
compensation winding 160. A controller (not shown) con-
trols output voltage of power electronic converter 162
and accordingly changes voltage across compensation
winding 160. As the voltage across compensation wind-
ing 160 changes, it changes a magnetic flux in transform-
er and accordingly it changes voltage across secondary
winding 156. This technique can also be referred to as
magnetic series compensation as a magnetic flux due to
primary winding and a magnetic flux due to compensation
windings get added for resultant magnetic flux in the
transformer which changes the output voltage across
secondary winding 156. Thus, instead of addition of volt-
ages, the two magnetic fluxes get added which results
in change in the output voltage.
[0029] FIG. 7 shows a schematic diagram of another
embodiment of an integrated power quality control sys-
tem 180. In this embodiment 180, the main difference
compared to embodiment 150 of FIG. 6 is that compen-
sation winding 160 is now connected in series with sec-
ondary winding 156 rather than in series with primary
winding 154. Furthermore, power electronic converter in-
put connections are connected in parallel to output ter-
minals 165, 167 of secondary winding 156 and power
electronic converter output connections 168, 170 are
connected across compensation winding 160.
[0030] FIG. 8 shows yet another embodiment of an in-
tegrated power quality control system 200. In embodi-
ment 200, compensation winding 160 is neither connect-
ed in series with primary winding 154 nor in series with
secondary winding 156 rather it is wound separately on
magnetic core 158. The control of power electronic con-
verter 162 in both embodiments 180 and 200 is similar
to the control discussed herein.
[0031] FIG. 9 shows a schematic representation of a
three phase integrated power quality control system 250
in accordance with an embodiment of the present sys-
tem. In general, in this embodiment, compensation wind-
ings discussed herein may also be employed in a three
phase transformer. Thus, three phase integrated power
quality control system 250 includes a three phase trans-
former 252 with primary windings 254 and secondary
windings 256. Terminals A1, B1, and C1 form input ter-
minals of transformer 252 whereas terminals a1, b1 and
c1 form output terminals of transformer 252. Compensa-
tion windings 258 are connected in series with primary
windings 254, however, in another embodiment, com-
pensation windings 258 may also be connected in series
with secondary windings 256. A power electronic con-
verter 260 which may include a three phase converter
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that controls voltage across compensation windings 258
based on input signals from controller 262.
[0032] Advantages of the present system and techni-
cal advantages include stable feeder voltage supply to
loads, whether residential, business or government, im-
proved power quality, no requirement of breaking the
feeder lines and optimized size and cost of the system.
[0033] While only certain features of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes
as fall within the true spirit of the invention.
[0034] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. An integrated power quality control system, com-
prising:

a transformer including a primary winding, at
least one secondary winding and at least one
compensation winding wound on a magnetic
core;

a power electronic converter providing a refer-
ence voltage to the compensation winding for
injecting a series voltage in the secondary wind-
ing; and

a controller to generate the reference voltage
for the power electronic converter based on a
power quality control requirement.

2. The integrated power quality control system of
clause 1, wherein the compensation winding is con-
nected in series with the primary winding or the sec-
ondary winding or is wound separately on the mag-
netic core.

3. The integrated power quality control system of any
preceding clause, wherein the compensation wind-
ing is configured to control a magnetic flux in the
magnetic core for injecting the series voltage in the
secondary winding.

4. The integrated power quality control system of any
preceding clause, wherein the power electronic con-
verter comprises a plurality of bidirectional convert-
ers utilizing a common DC link or a three phase con-
verter.

5. The integrated power quality control system of any
preceding clause, wherein at least one of the plurality
of the bidirectional converters is connected across
the primary winding or the secondary winding.

6. The integrated power quality control system of any

preceding clause, wherein the transformer compris-
es a three phase transformer or a single phase trans-
former or a split phase secondary transformer.

7. The integrated power quality control system of any
preceding clause, wherein the plurality of the bidi-
rectional converters include a DC to AC converter to
control the reference voltage across the compensa-
tion winding and a AC to DC converter for charging
the common DC link by exchanging active power
with the transformer.

8. The integrated power quality control system of any
preceding clause, wherein the controller includes a
first controller to control the DC to AC converter and
a second controller to control the AC to DC converter.

9. The integrated power quality control system of any
preceding clause, wherein the controller is config-
ured to generate an amplitude modulation ratio for
generating PWM pulses for the AC to DC converter
based on an error between a reference DC voltage
and an actual DC voltage.

10. The integrated power quality control system of
any preceding clause, wherein the first controller is
configured to generate the reference voltage based
on a relationship between a turns ratio of the com-
pensation winding and the secondary winding and a
reference secondary winding voltage determined
based on the power quality requirement.

11. The integrated power quality control system of
any preceding clause, wherein the first controller in-
cludes a voltage magnitude and phase calculation
module to determine a magnitude and a phase of a
secondary winding voltage.

12. The integrated power quality control system of
any preceding clause, wherein the first controller in-
cludes an error detection module to generate an er-
ror signal based on comparison of the magnitude
and the phase of the secondary winding voltage with
a magnitude and a phase of the reference secondary
winding voltage.

13. The integrated power quality control system of
any preceding clause, wherein the first controller in-
cludes proportional-integral (PI) controllers config-
ured to reduce the error signal to zero.

14. The integrated power quality control system of
any preceding clause, wherein the power quality
control requirement includes one of a voltage regu-
lation, power factor correction, harmonic distortion
compensation, and reactive power compensation.

15. A method of controlling power to a load, com-
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prising:

providing a transformer including a primary
winding, at least one secondary winding and at
least one compensation winding wound on a
magnetic core;

generating a reference voltage for a power elec-
tronic converter based on a power quality control
requirement; and

utilizing the power electronic converter to pro-
vide the reference voltage across the compen-
sation winding for injecting a series voltage in
the secondary winding.

16. The method of controlling power to the load of
any preceding clause, wherein providing a trans-
former comprises connecting the compensation
winding in series with the primary winding or the sec-
ondary winding or is wound separately on the mag-
netic core.

17. The method of controlling power to the load of
any preceding clause, wherein injecting the series
voltage in the secondary winding comprises control-
ling a magnetic flux in the magnetic core.

18. The method of controlling power to the load of
any preceding clause, wherein the power quality
control requirement includes at least one of a voltage
regulation, power factor correction, harmonic distor-
tion compensation, and reactive power compensa-
tion.

19. The method of controlling power to the load of
any preceding clause, wherein utilizing the power
electronic converter comprises utilizing at least one
bidirectional converter with a common DC link.

20. The method of controlling power to the load of
any preceding clause, wherein utilizing the bidirec-
tional converter includes utilizing a DC to AC con-
verter to control the reference voltage across the
compensation winding and a AC to DC converter for
charging the common DC link by exchanging active
power with the transformer.

Claims

1. An integrated power quality control system (60),
comprising:

a transformer (62) including a primary winding
(64), at least one secondary winding (66, 74)
and at least one compensation winding (68, 75)
wound on a magnetic core (158);

a power electronic converter (78) providing a ref-
erence voltage (82) to the compensation wind-
ing (68, 75) for injecting a series voltage in the
secondary winding (66, 74); and
a controller (80) to generate the reference volt-
age (82) for the power electronic converter (78)
based on a power quality control requirement.

2. The integrated power quality control system (60) of
claim 1, wherein the compensation winding (68, 75)
is connected in series with the primary winding (64)
or the secondary winding (66, 74) or is wound sep-
arately on the magnetic core (158).

3. The integrated power quality control system of claim
1 or 2, wherein the compensation winding (68, 75)
is configured to control a magnetic flux in the mag-
netic core (158) for injecting the series voltage in the
secondary winding (66, 74).

4. The integrated power quality control system of any
of claims 1 to 3, wherein the power electronic con-
verter (78) comprises a plurality of bidirectional con-
verters (84, 86, 88) utilizing a common DC link (95)
or a three phase converter.

5. The integrated power quality control system of claim
4, wherein the plurality of the bidirectional converters
(84, 86, 88) include a DC to AC converter to control
the reference voltage across the compensation
winding (68, 75) and a AC to DC converter for charg-
ing the common DC link (95) by exchanging active
power with the transformer (62).

6. The integrated power quality control system of claim
5, wherein the controller (80) includes a first control-
ler (112) to control the DC to AC converter and a
second controller (114) to control the AC to DC con-
verter.

7. The integrated power quality control system of claim
6, wherein the controller (110) is configured to gen-
erate an amplitude modulation ratio for generating
PWM pulses for the AC to DC converter (86) based
on an error (136) between a reference DC voltage
(134) and an actual DC voltage (132).

8. The integrated power quality control system of claim
6, wherein the first controller (112) is configured to
generate the reference voltage (134) based on a re-
lationship between a turns ratio (N3/N2) of the com-
pensation winding (68, 75) and the secondary wind-
ing (66, 74) and a reference secondary winding volt-
age determined based on the power quality require-
ment.

9. The integrated power quality control system of any
of claims 6 to 8, wherein the first controller (112)
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includes a voltage magnitude and phase calculation
module (118) to determine a magnitude and a phase
of a secondary winding voltage.

10. The integrated power quality control system of claim
9, wherein the first controller (112) includes an error
detection module (122) to generate an error signal
(124) based on comparison of the magnitude and
the phase (120) of the secondary winding voltage
(132) with a magnitude and a phase of the reference
secondary winding voltage (134).

11. The integrated power quality control system of claim
10, wherein the first controller (112) includes propor-
tional-integral (PI) controllers (126) configured to re-
duce the error signal to zero.

12. The integrated power quality control system of any
preceding claim, wherein the power quality control
requirement includes one of a voltage regulation,
power factor correction, harmonic distortion com-
pensation, and reactive power compensation.

13. A method of controlling power to a load, comprising:

providing a transformer (62) including a primary
winding (64), at least one secondary winding
(66, 74) and at least one compensation winding
(68, 75) wound on a magnetic core (158);
generating a reference voltage for a power elec-
tronic converter (78) based on a power quality
control requirement; and
utilizing the power electronic converter (78) to
provide the reference voltage (82) across the
compensation winding (68, 75) for injecting a
series voltage in the secondary winding (66, 74).

14. The method of controlling power to the load of claim
13, wherein providing a transformer (62) comprises
connecting the compensation winding (68, 75) in se-
ries with the primary winding (64) or the secondary
winding (66, 74) or is wound separately on the mag-
netic core (158).

15. The method of controlling power to the load of claim
13 or 14, wherein injecting the series voltage in the
secondary winding (66, 76) comprises controlling a
magnetic flux in the magnetic core (158).
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