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(54) HARMONIC MITIGATION ARRANGEMENT FOR AN ELECTROMAGNETIC DEVICE

(57) An electromagnetic device (100) connected to
a non-linear load, and having a magnetic core (101), a
primary winding (102) wound therein, and an auxiliary
winding (103) positioned at least partially within a cavity
(101A) of the magnetic core (101), is provided. The pri-
mary winding (102) carries a primary current (Ip) there-
within and is positioned with respect to the magnetic core
(101) such that a flux (104) is induced in the magnetic

core (101) during operation of the electromagnetic device
(100). The auxiliary winding (103) carries an auxiliary cur-
rent (Iaux) therewithin and dynamically induces a mitigat-
ing flux (105) in the magnetic core (101), during operation
of the electromagnetic device (100) countering harmon-
ics present in the induced flux (104) by modulating reluc-
tance of the magnetic core (101) around the cavity
(101A).
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Description

[0001] The present invention relates to an electromag-
netic device powering a non-linear load and having a
magnetic core, and a primary winding positioned so as
to induce flux in the magnetic core.
[0002] Such an electromagnetic device is known to a
person skilled in the art. Such a commonly known elec-
tromagnetic device is, for example, a transformer such
as a power transformer or a distribution transformer.
[0003] Majority of the electronic loads used today, es-
pecially in household and industrial applications, are non-
linear in nature. A load is considered non-linear if it draws
current of frequencies other than a frequency of the ap-
plied voltage. Due to this changing impedance, the cur-
rent drawn by the non-linear load is also non-linear i.e.
non-sinusoidal in nature, even when it is connected to a
sinusoidal voltage source. Non-linear loads are, for ex-
ample, computers, variable frequency drives, discharge
lighting, adjustable speed motor drives, uninterruptible
power supplies (UPS), battery chargers, etc. These non-
sinusoidal currents contain harmonic currents that inter-
act with the impedance of the power distribution system
to create voltage distortion that can affect both the dis-
tribution system equipment and the loads connected to
it. When a nonlinear load draws distorted (non-sinusoi-
dal) current from the supply, the distorted current passes
via all the impedances present between the load and
power source. The associated harmonic currents pass-
ing through the system impedance cause voltage drops
for each harmonic frequency. The vector sum of all the
individual voltage drops results in total voltage distortion,
the magnitude of which depends on the system imped-
ance, available system fault current levels and the levels
of harmonic currents at each harmonic frequency.
[0004] Moreover the voltage induced at generators in
a power system, consists of only the fundamental com-
ponent, therefore, no useful power is produced by these
harmonic currents. Instead these harmonic currents,
flowing in the distribution and transmission lines, give
rise to additional copper losses thereby, reducing the
overall efficiency of power system. Moreover, equipment
like transformers, generators and motors need to be de-
signed to handle such type of harmonic currents leading
to de-rating of such equipment. In transformers for ex-
ample, the effect of harmonic currents at harmonic fre-
quencies causes increase in core losses due to in-
creased iron losses. In addition, increased copper losses
and stray flux losses result in additional heating, and
winding insulation stresses. Similarly, harmonic distor-
tion raises the losses in AC induction motors in a similar
way as in transformers and cause increased heating, due
to additional copper losses and iron losses in the stator
winding, rotor circuit and rotor laminations. These losses
are further compounded by skin effect, especially at high-
er frequencies. In comparison with utility power supplies,
the effects of harmonic voltages and harmonic currents
are significantly more pronounced on generators due to

their source impedance being typically three to four times
that of utility transformers. The major impact of voltage
and current harmonics is to increase the machine heating
due to increased iron losses, and copper losses, since
both are frequency dependent and increase with in-
creased harmonics. To reduce this effect of harmonic
heating, the generators supplying nonlinear loads are re-
quired to be derated. In addition, presence of harmonic
components along with nonlinear loading, results in lo-
calized heating and torque pulsations with torsional vi-
brations.
[0005] Typically, additional passive filters and/or active
filters are connected in series or in parallel in a power
grid to avoid problems originating from the induced har-
monic currents. These filters typically condition an elec-
trical power output waveform generated by a load device
before being presented to another load device. However,
passive harmonic filters are susceptible to changes in
source and load impedances. Moreover, typically these
filters fail to provide a selective and smoother control over
the harmonic mitigation. They attract harmonics from oth-
er sources, and therefore, this must be taken into account
in their design. Active filters on the other hand are more
commonly used in industrial applications for both har-
monic mitigation and reactive power compensation as
they do not present potential resonance to the power
network and are unaffected due to changes in source
impedance. However, active filters are complex due to
use of high power electronic components and are also
expensive. Also, careful commissioning of active filters
is required to obtain optimum performance.
[0006] Therefore, it is an object of the present invention
to provide an electromagnetic device of the aforemen-
tioned kind that mitigates harmonic currents arising due
to non-linear loads without increasing costs and design
complexity associated with harmonic mitigation.
[0007] The electromagnetic device disclosed in the
present invention achieves the aforementioned object,
by providing a harmonic mitigation arrangement compris-
ing a magnetic core, a primary winding, and an auxiliary
winding. The electromagnetic device disclosed herein is
a device powering a non-linear load and having a mag-
netic core and used in power systems. The electromag-
netic device is, for example, a transformer such as a pow-
er transformer, a reactor, or an inductor. The magnetic
core comprises, for example, a ferro-magnetic core, a
ferri-magnetic core, etc. The primary winding is capable
of carrying a primary current therewithin and is positioned
with respect to the magnetic core such that a flux is in-
duced in the magnetic core during operation of the elec-
tromagnetic device. The auxiliary winding is capable of
carrying an auxiliary current therewithin and is positioned
at least partially within a cavity configured in the magnetic
core. The cavity is a space defined in the magnetic core
by drilling a hole through the magnetic core. The cavity
is configured in the magnetic core to at least partially lie
in path of the induced flux. Advantageously, the cavity is
configured in the magnetic core such that an axis passing
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through a geometric center of the cavity also passes
through a geometric center of the magnetic core. This
symmetrical positioning of the cavity with respect to the
magnetic core ensures that the harmonic mitigation is
achieved equally in each of the positive and the negative
half cycle operations of the electromagnetic device. The
cavity is configured, for example, of a circular shape, a
square shape, etc.
[0008] The auxiliary winding is wound either around an
outer wall of the magnetic core through the cavity, or
around an inner wall of the magnetic core through the
cavity. The auxiliary winding dynamically induces a mit-
igating flux in the magnetic core, during operation of the
electromagnetic device. As used herein, "mitigating flux"
refers to the flux generated in the magnetic core around
the cavity, due to the auxiliary current flowing in the aux-
iliary winding. This mitigating flux interacts with the in-
duced flux caused by the primary current flowing through
the primary winding, in the magnetic core. For example,
during one half cycle operation, that is, positive or neg-
ative, the mitigating flux adds up with the induced flux on
a side of the cavity where both fluxes are in same direction
whereas on the other side of the cavity, the mitigating
flux subtracts from the induced flux where both fluxes are
in opposing directions. This results in increasing reluc-
tance of the core in the area where the fluxes add up and
reducing reluctance of the core in the area where the
fluxes subtract. This increase in the core reluctance
makes it comparable with reluctance of air thereby, caus-
ing the induced flux to tend to move over air instead of
the magnetic core. The induced flux moves through air,
that is, fringes through air including the ambient air sur-
rounding the magnetic core and/or air inside the cavity.
Thus, a virtual air-gap is introduced in the magnetic core.
This virtual air-gap compensates for harmonics present
in the induced flux by inducing a counter-opposing, that
is, the mitigating flux via the auxiliary winding. Design
parameters, for example, a number of Ampere-turns as-
sociated with the auxiliary winding are an optimized func-
tion of a load connected to the electromagnetic device,
that is, a non-linear load inducing harmonic content,
amount of harmonics present due to the load, physical
properties of the magnetic core, and/or physical dimen-
sions of the cavity. The electromagnetic device disclosed
herein is not to be limited to a single phase of operation
of the electromagnetic device but may be extended to a
three phase operation.
[0009] According to an embodiment of the present in-
vention, the electromagnetic device disclosed herein
comprises a secondary winding at least partially wound
around the magnetic core such that the induced flux in
the magnetic core is coupled with the secondary winding
producing a secondary current therewithin during oper-
ation of the electromagnetic device. In this embodiment,
the electromagnetic device is, for example, a power
transformer. The secondary winding is in turn connected
to a non-linear load. The harmonic component in the in-
duced flux is generated due to harmonics present in the

secondary winding of the electromagnetic device. Using
the aforementioned auxiliary winding and the mitigating
flux associated therewith, these harmonics in the induced
flux are removed by modulating the reluctance of the
magnetic core. As a result voltages induced on the pri-
mary side of the electromagnetic device do not include
such harmonics, that is, the harmonics are not reflected
on the primary side of the electromagnetic device. The
electromagnetic device comprises a parameter manage-
ment module operably connected to the auxiliary winding
of the electromagnetic device. The parameter manage-
ment module is configured to modulate one or more pa-
rameters associated with the auxiliary winding based on
a primary current of the primary winding, a primary volt-
age of the primary winding, a secondary current of the
secondary winding and/or a secondary voltage of the
secondary winding for controlling the mitigating flux in-
duced by the auxiliary winding. The parameters com-
prise, for example, a magnitude, a frequency, and a
phase of the auxiliary current. According to an embodi-
ment of the present invention, the parameter manage-
ment module is operably connected to the primary wind-
ing and the auxiliary winding where the one or more pa-
rameters are controlled based on the primary current and
the primary voltage. According to another embodiment
of the present invention, the parameter management
module is operably connected to the secondary winding
and the auxiliary winding where the one or more param-
eters are controlled based on the secondary current and
the secondary voltage. The parameter management
module comprises a sensing unit, for example, a current
sensing unit and a voltage sensing unit, and a current
controlling unit. The sensing unit is configured to sense
voltage across the primary winding and/or the secondary
winding. The current controlling unit based on the sensed
voltage modulates the auxiliary current flowing in the aux-
iliary winding, thereby, modulating the mitigating flux in
the magnetic core. For example, the magnitude of the
auxiliary current is increased in correspondence to the
increase in harmonics. The frequency of the auxiliary cur-
rent is aligned in correspondence to the number of har-
monic component, that is, for a third harmonic component
the frequency will be maintained at 150Hz. The phase of
the auxiliary current is a function of a power factor asso-
ciated with the non-linear load.
[0010] The electromagnetic device disclosed herein
mitigates harmonics without use of any additional filters,
without increasing costs and/or complexity of component
design while offering a selective control over harmonic
mitigation and a compact sized electromagnetic device.
[0011] The above-mentioned and other features of the
invention will now be addressed with reference to the
accompanying drawings of the present invention. The
illustrated embodiments are intended to illustrate, but not
limit the invention.
[0012] The present invention is further described here-
inafter with reference to illustrated embodiments shown
in the accompanying drawings, in which:
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FIG 1 illustrates a sectional view of an active part of
an inductor as an embodiment of an electro-
magnetic device, according to the present in-
vention.

FIG 2 illustrates a flux path of an induced flux during
operation of the electromagnetic device illus-
trated in FIG 1.

FIG 3 illustrates a sectional view of an active part of
a power transformer as an embodiment of an
electro-magnetic device, according to the
present invention.

FIG 4 illustrates an electrical equivalent circuit dia-
gram of the electromagnetic device illustrated
in FIG 3.

[0013] Various embodiments are described with refer-
ence to the drawings, wherein like reference numerals
are used to refer to like elements throughout. In the fol-
lowing description, for the purpose of explanation, nu-
merous specific details are set forth in order to provide
thorough understanding of one or more embodiments. It
may be evident that such embodiments may be practiced
without these specific details.
[0014] FIG 1 illustrates a sectional view of an active
part of an inductor as an embodiment of an electro-mag-
netic device 100, according to the present invention. The
inductor includes a magnetic core 101 with a primary
winding 102 wound thereon. A primary current Ip flowing
through the primary winding induces flux in the core 101
following the flux path 104. The core 101 has a cavity
101A configured therein. The cavity 101A is positioned
between an outer wall 101B of the core 101 and an inner
wall 101C of the core 101 along the thickness of the core
101 such that a common axis A-A’ passes through a cent-
er Cc of the cavity 101A and a center CF of the core 101.
An auxiliary winding 103 is wound on the core 101 around
the cavity 101A. The auxiliary winding 103 may be wound
towards the outer wall 101B as shown in FIG 1A or to-
wards the inner wall 101C. An auxiliary current Iaux flow-
ing through the auxiliary winding 103 produces mitigating
flux in the core 101 flowing in the flux path 105. This leads
to addition of the induced flux 104 and the mitigating flux
105 in an area of the core 101 towards the outer wall
101B and subtraction of the mitigating flux 105 from the
induced flux 104 in an area of the core 101 towards the
inner wall 101C. The direction of flux flow shown in FIG
1 represents a half cycle operation. In other half cycle,
the directions are reversed and therefore, the areas of
flux concentration, that is, area of addition of flux and
area of subtraction of flux, are also reversed.
[0015] FIG 2 illustrates a flux path of an induced flux
104 during operation of the electromagnetic device 100
illustrated in FIG 1. As disclosed in FIG 1, generation of
the mitigating flux 105 shown in FIG 1 results in, core
reluctance becoming comparable with the air reluctance.

Therefore, a part of the induced flux 104 fringes along
flux path 104A via ambient air surrounding the outer wall
101B and the inner wall 101C of the core 101 as shown
in FIG 2 and a part of the induced flux 104 flows through
the air inside the cavity 101A in the core 101. This, results
in creation of a virtual air gap in the core 101 thereby,
compensating for harmonic content.
[0016] FIG 3 illustrates a sectional view of an active
part of a power transformer as an embodiment of an elec-
tro-magnetic device 100, according to the present inven-
tion. The power transformer has a core 101 with a primary
winding 102 and a secondary winding 106 wound ther-
eon. The primary winding 102 carries a primary current
IP therein resulting in an induced flux 104 in the core 101.
The induced flux 104 couples with the secondary winding
106 thereby producing a secondary current IS therein.
The secondary winding 106 is connected to a non-linear
load. The core 101 has a cavity 101A symmetrically po-
sitioned therein and having an auxiliary winding 103
wound thereon carrying an auxiliary current Iaux produc-
ing a mitigating flux 105 in the core 101 around the cavity
101A. As shown in FIG 2, the induced flux 104 for the
power transformer shown in FIG 3, also flows via air when
the mitigating flux 105 interacts with the induced flux 104.
[0017] FIG 4 illustrates an electrical equivalent circuit
diagram of the electromagnetic device 100 illustrated in
FIG 3. The electrical equivalent circuit diagram repre-
sents a closed loop control system for mitigation of har-
monics. The electrical equivalent circuit diagram includes
a primary winding 102 and a secondary winding 106. The
secondary winding 106 is connected to a nonlinear har-
monic load 402 via a parameter management module
401. The parameter management module 401 has a
sensing unit 401A operably connected with a current con-
trolling unit 401B controlling auxiliary current Iaux flowing
in the auxiliary winding 103. The parameter management
module 401 modulates a magnitude, a frequency, and/or
a phase of the auxiliary current Iaux flowing the auxiliary
winding 103 in synchronization with the secondary cur-
rent IS or voltage thus providing a closed loop control of
the auxiliary current Iaux.
[0018] The foregoing examples have been provided
merely for the purpose of explanation and are in no way
to be construed as limiting of the present invention dis-
closed herein. While the invention has been described
with reference to various embodiments, it is understood
that the words, which have been used herein, are words
of description and illustration, rather than words of limi-
tation. Further, although the invention has been de-
scribed herein with reference to particular means, mate-
rials, and embodiments, the invention is not intended to
be limited to the particulars disclosed herein; rather, the
invention extends to all functionally equivalent structures,
methods and uses, such as are within the scope of the
appended claims. Those skilled in the art, having the ben-
efit of the teachings of this specification, may affect nu-
merous modifications thereto and changes may be made
without departing from the scope and spirit of the inven-
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tion in its aspects.

List of reference numerals

[0019]

100 electromagnetic device
101 magnetic core
101A cavity
101B outer wall of the magnetic core
101C inner wall of the magnetic core
102 primary winding
103 auxiliary winding
104 induced flux due to primary winding/flux path of

the induced flux
104A fringing flux
105 mitigating flux due to auxiliary winding/flux path

of the mitigating flux
106 secondary winding
401 parameter management module
401A sensing unit
401B current controlling unit
402 harmonic load/non-linear load
IP primary current
IS secondary current
Iaux auxiliary current
CC geometric center of cavity
CF geometric center of magnetic core
A-A’ axis passing through CC and CF

Claims

1. An electromagnetic device (100) having:

- a magnetic core (101);
- a primary winding (102) capable of carrying a
primary current (IP) therewithin and positioned
with respect to the magnetic core (101) such that
a flux (104) is induced in the magnetic core (101)
during operation of the electromagnetic device
(100); and
- an auxiliary winding (103) capable of carrying
an auxiliary current (Iaux) therewithin and posi-
tioned at least partially within a cavity (101A)
configured in the magnetic core (101), such that
a mitigating flux (105) is dynamically induced in
the magnetic core (101), during operation of the
electromagnetic device (100).

2. The electromagnetic device (100) according to the
claim 1, further comprising a secondary winding
(106) at least partially wound around the magnetic
core (101) such that the induced flux (104) is coupled
with the secondary winding (106) producing a sec-
ondary current (IS) therewithin during operation of
the electromagnetic device (100).

3. The electromagnetic device (100) according to any
one the claims 1 and 2, further comprising a param-
eter management module (301) operably connected
to the auxiliary winding (103) of the electromagnetic
device (100).

4. The electromagnetic device (100) according to the
claim 3, wherein the parameter management mod-
ule (301) is configured to control a mitigating flux
(106) induced by the auxiliary winding (103) by mod-
ulating one or more parameters associated with the
auxiliary winding (103) based on one or more of a
primary current (IP), a primary voltage (Vac), a sec-
ondary current (IS), and a secondary voltage (VS).

5. The electromagnetic device (100) according to the
claim 4, wherein the one or more parameters com-
prise a magnitude, a frequency, and a phase of the
auxiliary current (Iaux).

6. The electromagnetic device (100) according to the
claim 1, wherein the cavity (101A) is configured in
the magnetic core (101) to at least partially lie in path
of the induced flux (104) .

7. The electromagnetic device (100) according to any
one of the claims 1 and 6, wherein the cavity (101A)
is configured in the magnetic core (101) along an
axis (A-A’) passing through a center (CC) of the cavity
(101A) and a center (CF) of the magnetic core (101).

8. The electromagnetic device (100) according to any
one of the previous claims is one of a power trans-
former, a filter, and a reactor.
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