wo 2015/128551 A1 [N 0000 O O

(43) International Publication Date
3 September 2015 (03.09.2015)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2015/128551 A1l

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
HO2M 3/158 (2006.01) HOIF 37/00 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
HOIF 27/28 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

. .. HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(21) International Application Number: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

PCT/F12015/050123 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
27 February 2015 (27.02.2015) SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
(84) Designated States (uniess otherwise indicated, for every

(26) Publication Language: English kind of regional protection available). ARIPO (BW, GH,

(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
20145198 28 February 2014 (28.02.2014) FI T2, UG, ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, RU,

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

(72) Inventor; and DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(71) Applicant : VILHUNEN, Jukka [FI/FI]; Norotie 12 C LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
27, FI-01600 Vantaa (FI). SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,

(74) Agent: TPR PARTNERS OY; Hictalahdenranta 13, FI- GW, KM, ML, MR, NE, SN, TD, TG).

00180 Helsinki (FI). Published:

(81) Designated States (unless otherwise indicated, for every —  with international search report (Art. 21(3))
kind of national protection available). AE, AG, AL, AM,

(54) Title: SWITCHED-MODE CONVERTER AND METHOD FOR CONVERTING ELECTRICAL ENERGY

k i

IIT

FIG. 2A

(57) Abstract: The present invention relates generally to switched-mode converters of electric power. There are large amounts of
switched-mode power supplies used for supplying energy for electrical devices. This brings the need to improve the efficiency of the
power conversion. A switched mode converter of the present invention has a secondary winding (L2) in a secondary circuit, which at
a first phase both accumulates and releases energy to load (LOAD, C, R), or only accumulates energy. At a second phase the second-
ary winding (L2) is connected to input voltage and/or releases the accumulated energy in the secondary circuit (L2) in order to in-
crease power release of the primary winding (LI) to the load (LOAD, C, R). The solution increases both the output energy and effi-
ciency of the converter.
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Switched-mode converter and method for converting electrical energy

Field of invention

The present invention relates generally to switched-mode converters of electric
power. More specifically, the present invention relates to what is disclosed in the
preambles of the independent claims. The invention has advantageous
applications especially in power supplies of electrical devices.

Background

Power supplies, such as switching power supplies, are used for providing direct
current (DC) supply for various electronic devices. Such power supplies may be
connected at the electrical power input of a device, or they may convert power for
a specific part of a device, for example. Power supplies are nowadays usually
implemented with switched-mode converters. The input of a switched-mode
converter may be AC or DC current, and input/output voltages vary according to
the implementation. While most electronic devices have switched-mode power
supplies for providing the operating power it is essential that the switched-mode
converters have a good efficiency.

Switched-mode converters use input current for charging energy to an inductor in
one phase, and in another phase the charged energy is led to load. These
operating phases are switched with high frequency. The basic structures of
switched power supplies include boost-type converters which increase the
voltage, and buck-type converters which decrease the voltage. In the boost type
power supply the input power is led to the load with an inductor, wherein a
transistor connects the inductor directly to the input voltage in a first phase for
loading energy to the inductor, and in a second phase the charged inductor is
connected to the load for supplying energy with higher voltage. In the buck-type
converter a current flows continuously in the circuit of an inductor and a load A
transistor sequentially connects the input voltage to the circuit thus increasing the
energy of the inductor in a first phase, for being used in the load in a second
phase.

Additionally there exist combinations of the basic switched-mode converter types,
such as converters based on resonance, and cascade-type converters for
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increasing voltage. Simple switched-mode power supplies typically have
efficiency between 70% and 90%. For example, nominal efficiency of a boost-type
power supply is typically 70% and efficiency of a buck-type power supply is
typically 80-90%. There are also power supplies with higher efficiencies, such as
split-pi type switch power supplies where several transistors are used for
connecting the input energy source to feed several inductors sequentially so that
the current from the input voltage source is almost even. This minimizes losses
caused by current changes and current spikes, and it is possible to achieve
efficiencies that are higher than 90%. However, this solution leads to a more
complicated structure and therefore higher production costs.

The following two documents disclose interleaved converters with two sequentially
switched, parallel inductors: Taufik Taufik, Tadeus Gunawan, Dale Dolan and
Makbul Anwari, Documents Design and analysis of two-phase boost DC-DC
converter World Academy of Science, Engineering and Technology, issue 43,
2010, and Mounica Ganta, Pallam Reddy Nirupa, Thimmadi Akshitha,
Dr.R.Seyezhai, Simple and Efficient Implementation of Two-Phase interleaved
Boost Converter for Renewable Energy Source, International Journal of Emerging
Technology and Advanced Engineering Volume 2, Issue 4, April 2012. The
solution is based on a number of boost converters connected in parallel. This
solution has advantages in applications with very small power, but technology
would not be suitable for other applications.

The majority of power supplies are implemented using either of the two basic
converter structures. Therefore the power losses form a large portion of electrical
energy consumption. Additionally, power losses of the prior art power supplies
heat the devices and cause their operating life to become shorter.

Summary of the invention

It is an object of the present invention to provide a switched power converter for
various applications, wherein the described disadvantages of the prior art are
avoided or reduced. The object of the invention is therefore to achieve improved
efficiency of a power supply with a relatively simple structure.

The object of the invention is achieved by using a secondary winding on the
ferromagnetic core of the converter, and controlling the secondary winding in two
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phases in order to increase the power release from the magnetic flux to the load,
through both the primary and the secondary windings.

More specifically, the object of the invention is achieved by providing a switched
mode converter for converting electrical power, comprising:

- a ferromagnetic core,

- a primary winding on the ferromagnetic core,

- a first controllable primary switch connecting the primary winding to input power
when the switch is in ON state,

- a second primary switch connecting the primary winding to load,

wherein the first controllable primary switch is controlled with primary control
pulses to energize the primary winding by increasing its current during a primary
pulse to create a magnetic flux in the core, and

wherein between primary pulses the primary winding releases energy of the
magnetic flux to the load whereby the current of the primary winding decreases,
which is characterized in that in order to improve the efficiency of the converter
the converter further comprises a secondary circuit with a secondary winding on
the ferromagnetic core, and the secondary circuit is arranged to transfer energy of
the secondary winding and/or another energy source to the primary winding
during said decrease of current of the primary winding. According to an
embodiment this in such a situation where the magnetic flux in the location of the
secondary winding is smaller than the magnetic flux of in the location of the
primary winding, and/or the total current of the secondary winding is less than the
total current of the primary winding.

The invention also relates to a method for converting electrical power, wherein:

- a first primary switch is controlled to connect a pulse of input voltage to a
primary winding of a ferromagnetic core at a first phase,

- thereafter, released energy from the primary winding is led to a load through
second primary switch at a second phase, whereby the current of the primary
winding is decreased,

which method is characterised in that in order to improve the efficiency of the
conversion energy of the secondary winding and/or another energy source is
transferred to the primary winding during said decrease of current of the primary
winding.

According to the invention, a switched mode converter for converting electrical
power in a first phase and a second phase, comprises in its coupling:
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- a ferromagnetic core,

- a primary winding on the ferromagnetic core,

- a secondary winding on the ferromagnetic core,

- a first controllable primary switch, in said first phase, coupled to have ON state
and OFF state, coupled controllable with primary control pulses having states
corresponding said ON and OFF states of said primary switch, to connect the
primary winding to input power when the switch is set into ON state, to
energize the primary winding to increase_its current to create a magnetic flux
in the core, until the primary switch is set into OFF state, by the control
pulse’'s OFF state, so that the increase of the magnetic flux also increases
the secondary current in the secondary winding,

- a controllable secondary switch, coupled to have ON state and OFF state,
coupled controllable with secondary control pulses having phases
corresponding said ON and OFF states, coupled to connect the secondary
winding to input power when the switch is set into ON state, to energize the
secondary winding to the load,

wherein in said second phase, said secondary winding is coupled to get
energized by said secondary control pulses of input power via a secondary switch
being controlled to ON state directly when the primary pulse’s state corresponds
the state OFF of said primary switch, when in said second phase the primary
winding being releasing the magnetic energy into the ferromagnetic core,
wherein to have the converter operated with an improved efficiency, said
secondary winding is located at some distance from the primary winding so to
provide an unequal magnetic flux to develop in the ferromagnetic core; and/or at
least one of said primary and secondary windings have such a shape or
diameter, that the magnetic flux of the ferromagnetic core is unequal being
smaller on the location of the secondary winding because of the opposite current
direction of the secondary winding which reduces the growth of the magnetic flux.

According to an embodiment of the invention the switched mode converter
comprises in the coupling means to produce counter voltage as coupled to an
opposite polarity in relation to the secondary current, coupled to produce a
counter voltage in the secondary circuit, wherein the counter voltage means
comprise at least one of the following: the inductance of the secondary circuit

and a capacitor, and an accumulator.
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According to an embodiment of the invention the switched mode converter
comprises in the coupling a secondary switch to controllably set the secondary
winding into the state of being not energized by pulses of input power, wherein
the secondary side of the coupling comprises an inductance having a self-
inductance, which generates a voltage proportional to the secondary current
change, said inductance being a further inductance or the inductance of in an

embodiment in accordance of the invention.

According to an embodiment of the invention in the switched mode converter the
coupling at the secondary winding side comprises an additional voltage source,

that is at least one of the following: Inductor, capacitor, accumulator.

According to an embodiment of the invention in the switched mode converter the
inductance of the secondary circuit is greater than the inductance of the primary
circuit.

According to an embodiment of the invention in the switched mode converter the
secondary winding is coupled continuously to the load with a switching
component, and accordingly also in such a way coupled that during the decrease
phase of the primary and secondary currents these currents release energy to the
load, the coupling being implemented without the secondary switch.

According to an embodiment of the invention in the switched mode converter that
the distance between the inner diameter of the secondary winding and the outer
diameter of the core is higher than the distance between the inner diameter of the
primary winding and the outer diameter of the core.

According to an embodiment of the invention in the switched mode converter
according to an embodiment comprises an inductor in series with the secondary
winding, said inductor being separate from said core.

According to an embodiment of the invention the switched mode converter
according to an embodiment has such a ferromagnetic core that has a closed
shape. According to an embodiment the ferromagnetic core has a shape of a
toroid, a polygon, or a pot-core.
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According to an embodiment of the invention in the switched mode converter the
primary winding and the secondary winding have separated positions on the core,
preferably located at opposite sides of the core.

According to an embodiment of the invention in the switched mode converter the
primary and secondary windings are arranged on to the magnetic core so that the
magnetic flux of the ferromagnetic core is unequal along the path of the magnetic
core being smaller on the location of the secondary winding.

According to an embodiment of the invention in the switched mode converter the
windings of said primary and secondary windings are so made that opposite
current direction of the secondary winding occurs to reduce the growth of the
magnetic flux.

According to an embodiment of the invention in the switched mode converter the
windings of said primary winding and secondary winding are so made that a
smaller magnetic flux at the location of the secondary winding induces a smaller
counter voltage in the secondary winding during the second phase consequently
consuming less input power by the secondary winding in the second phase during
the reduction of the primary and secondary currents.

According to an embodiment of the invention in the switched mode converter
according to an embodiment, the converter further comprises a secondary circuit
with a secondary winding on the ferromagnetic core, and the secondary circuit is
arranged to transfer energy of the secondary winding and/or another energy
source to the primary winding during said decrease of current of the primary
winding.

A method according to an embodiment of the invention for converting electrical
power, comprising:

- at a first phase controlling a first primary switch being controlled to connect a
pulse of input voltage to a primary winding of a ferromagnetic core,

- at a second phase releasing energy thereafter, from the primary winding being
led to a load through second primary switch, whereby the current of the primary
winding is decreased,

characterised by
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- transferring energy to the primary winding during said decrease of current of the
primary winding and/or another energy source in order to improve the efficiency of
the conversion energy of the secondary winding.

According to an embodiment of the invention the method for converting electrical
power comprises:

- during the second phase, controlling a first secondary switch to connect a pulse
of input voltage to a secondary winding of the ferromagnetic core in order to
increase the release of energy from the primary winding to the load, and

- leading during the first phase released energy from the secondary winding of the
core to the load through second secondary switch.

According to an embodiment of the invention the method of converting electrical
power, with a switched mode converter according to an embodiment of the
invention as being coupled for converting electrical power via utilization of an
unequal magnetic flux in the core, the coupling having at least one of said primary
and secondary windings, being located, and/or has such a shape or diameter, at
some distance from the secondary and primary winding, respectively, to provide
an unequal magnetic flux, the method comprises

- controlling in the first phase, the first controllable switch with primary control
pulses to energize the primary winding to increase its current to create a
magnetic flux in the core,

- switching by said primary control pulses the first controllable primary switch into
ON state to connect the primary winding to input power during said control
pulse,

- energizing in the second phase directly after the primary pulse the secondary
winding by secondary pulses of input power via the second switch in ON state
during said secondary pulses,

- directing by setting said first controllable primary switch into OFF state, the
primary winding to release magnetic energy of the magnetic flux to the load
between the ON states of the primary pulses, whereby the current of the
primary winding decreases.

According to one embodiment of the invention inductance of the secondary circuit
is greater than inductance of the primary circuit. There are two main embodiments
to increase the inductance of the secondary circuit. In one embodiment the
distance between the inner diameter of the secondary winding and the outer
diameter of the core is higher than the distance between the inner diameter of the
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primary winding and the outer diameter of the core. The inductance of the
secondary winding is thus increased by increasing the inner diameter of the
winding. In another embodiment there is an inductor in series with the secondary
winding, said inductor being separate from said core. If a separate inductor is
used there is no need to use a greater inner diameter of the secondary winding.
However, it is also possible to use a combination of these two embodiments and
have both a larger diameter of the secondary winding as well as a separate series
inductor at the secondary circuit.

According to one further embodiment of the invention ferromagnetic core has a
closed shape, such as a toroid, or a polygon. The primary and secondary
windings are preferably positioned in separate locations on the core. This is
advantageous in order to achieve unequal value of magnetic flux in the core at the
locations of the windings. The primary and secondary windings are preferably
located at opposite sides of the core in order to achieve a large difference
between the values of magnetic flux at the locations of the windings.

Some preferable embodiments of the present invention are described in
dependent claims.

The present invention has substantial advantages over prior art solutions. The
efficiency of the power converter is increased with an essential amount, which
saves the use of energy. This has benefits for individual users as well as in the
global scale.

The switched mode converter according to the present invention can be
implemented with a small number of power components and control components,
whereby the circuit can be economically produced.

In this patent application “a pulse” is used to mean preferably a substantially
rectangular shaped pulse, but it may alternatively mean a pulse of other shape,
such as sine-shaped.

Brief description of the drawings

The described and other advantages of the invention will become apparent from
the following detailed description and by referring to the enclosed drawings
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where:

Fig. 1

Fig. 2A

Fig. 2B

Fig. 2C

Fig. 3

Fig. 4

Fig. 5

illustrates a circuit diagram of a typical buck-boost-type switched-mode
power supply according to prior art;

illustrates a circuit diagram of an exemplary switched mode power
converter in accordance with the present invention where inductance of
the secondary circuit is increased by using an enlarged inner diameter
of the secondary winding;

illustrates a circuit diagram of an exemplary switched mode power
converter in accordance with the present invention where inductance of
the secondary circuit is increased by using a separate series inductor;

illustrates a circuit diagram of an exemplary switched mode power
converter in accordance with the present invention where secondary
circuit does not have an actively controlled switch for connecting the
secondary circuit to the power source;

illustrates a circuit diagram of an exemplary switched mode power
converter in accordance with the present invention where load is
coupled to same fixed potential as controllable switches;

illustrates a diagram of an exemplary control sequence for circuits of
Figures 2 and 3;

illustrates an exemplary ferromagnetic core with primary and secondary
windings according to the invention, where the inner diameter of the
secondary winding is greater then the inner diameter of the secondary
winding; and

Figs. 6A-6B. illustrate exemplary embodiments of the invention of a method to

convert electricity,

Detailed description of some embodiments

In order to understand the new features of the invention the functionality of a prior
art switched-mode power supply is first described in reference to Figure 1, and
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next functionality of exemplary embodiments of the present invention is described
in reference to Figures 2 — 6B.

Figure 1 illustrates an exemplary circuit according to prior art for providing a basic
switched mode power supply of buck-boost-type. The circuit has an inductor
winding L which is wound around a ferromagnetic core. Capacitor CP is charged
with the input voltage U of an input power source P. The capacitor CP is coupled
to the inductor L with a switching transistor T. The transistor is controlled to ON
state with short pulses of e.g. 10 us length provided from a pulse generator G.
The transistor thus connects short current pulses from the capacitor CP to the
inductor L. During the OFF state of the transistor T the energy of the inductor L is
led through the diode switch D1 to the load capacitor C and load R. The diode
switches prevent the energy charged to the capacitor C from discharging to the
inductor or input power source.

Efficiency of the circuit is calculated by dividing the energy applied to the load R
with the energy supplied by the input power source P during a certain time period.
The efficiency of this basic circuit is around 80% for a core of average length of
about 200mm. A circuit of Figure 1 was tested by the applicant with following data:

Uu=30Vv

lu=0,038 ... 0,040 A

Pin = U*lin=1,17 +/- 0,03 W
Uc=30,11V

lc=0,030 A

Pout = Uc*lc = 0,903 W
n=Pout/Pin=772%

The terms have following meanings:

U = input voltage

lu = primary current

Pin = power supplied from the power source to the converter
Uc = Voltage supplied by primary winding

Ic = Load current

Pout = power to load

n = efficiency of the converter
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The measurement thus shows that the efficiency of this prior art circuit was 77,2
%.

Figure 2A illustrates an exemplary switched mode converter circuit according to
the invention. The primary circuit of the converter is similar to the prior art circuit.
The primary circuit has an inductor winding L which is wound around a
ferromagnetic core. Capacitor CP is charged with the input voltage U of an input
power source P. The capacitor CP is coupled to the inductor L1 with a switching
transistor T1. The transistor is controlled to ON state with short pulses G1 of e.g.
10 ps length provided from a pulse generator G. The transistor thus connects
short current pulses from the capacitor CP to the inductor L. During the OFF state
of the transistor T the energy of the inductor L is led through the diode switch D1
to the load capacitor C and load R. The diode switch prevents the energy charged
to the capacitor C from discharging to the inductor or input power source.

The ferromagnetic core has a secondary inductor winding L2. The secondary
winding is not closely wound around the core, but the winding has a larger inner
diameter than the outer diameter of the core, thus leaving a non-ferromagnetic
space between the core and the secondary winding. The secondary winding is
connected to the load with diode D2, which allows the electrical energy to flow
from the secondary winding to the load but not vice versa. The circuit has another
switching transistor T2 for also switching one end of the secondary winding L2 to
the input power source. The second end of the secondary winding is connected to
the input power source. The primary and secondary circuits are thus symmetric.

The switching transistors T1 and T2 are controlled with successive pulses, which
first switch the transistor T1 to ON state for a short time period in first phase. After
the primary transistor T1 has been switched back to OFF state the second
transistor T2 is switched to ON state for a short time period, such as 10...13 ps in
second phase. In the first phase the secondary winding releases electrical energy
to the load through diode switch D2. In the second phase the secondary winding
is connected to the input voltage, increasing the release of energy from the first
winding to the load.

Figure 4 illustrates an exemplary control sequence. G1 is the control pulse of the
primary switch and G2 is the control signal of the secondary switch. 11 is the
current of the primary winding. At the first phase, when the primary switch is
switched ON by the G1 control signal the current of the primary winding increases
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in accordance to the input voltage and the inductance of the primary winding.
During the first phase energy flows partly to the load through the secondary
winding L2.

At the second phase the primary switch is controlled OFF by signal G1, and the
secondary switch is controlled ON by signal G2 for a short period. The secondary
winding is thus connected to the input voltage. The current of the primary winding
is reduced, but with a slower pace due to the effect of the voltage in the
secondary winding. While the current of the primary winding is reduced more
slowly, energy flows to the load from the primary winding for a longer time, and
larger amount of energy flows to the load. This way, increased output power is
achieved as well as increased efficiency. The pulses G1 and G2, as well as first
and second phases, are then repeated with an interval.

Also shown by measurements, the inventive use of secondary circuit increases
both power output of the converter as well as efficiency. In measurements of an
exemplary circuit following values have been present:

U=Ut=30V
Ne = 25
Nt = 38
lin=0,105 A

Pin = Ue*lin=3,15 W
Uc=28,03...28,22V

lc=0,104 A

Pout = Uc*lin = 2,925 W +/- 0,01 W
n = Pout/Pin =928 %

The terms have following meanings:

U = input voltage

Ut = voltage of the secondary winding

Ne and Nt are the number of turns in the primary and secondary windings
respectively

lin = current supplied from the power source to the converter

Pin = power supplied from the power source to the converter

Uc = Voltage supplied by primary winding

Ic = Load current

Pout = power to load
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n = efficiency of the converter

As shown by the measurement, the efficiency was 92,8 %, which is essentially
higher compared to the prior art circuit of Figure 1.

The principle of function is next described by examining the above example in
more detail. In this example the ferromagnetic core is made of two U-shaped
halves which are attached into a closed magnetic circuit. The diameter of the core
is 17 mm, and the average length of the core is 200 mm. The core has a primary
winding L1 which has Ne=25 turns. A secondary winding is located on the core,
opposite to the primary winding. The secondary winding has Nt=38 turns, and the
diameter d2 of the secondary winding is 100 mm, and the cylindrical length of the
winding can be e.g. 25 mm ... 35 mm. With the length of 25 mm the winding has
an inductance of L2 = 200 pH, and with the length of 35 mm its inductance is L2 =
170 pH. In the previous example a coil of 170 uH was used, whereas in the
following example a coil of 200 uH is used. The value of dl / dt in the phase 1 is a
little lower, but they both give the same improvement in the efficiency.

In the first phase a pulse of 10 us is fed to the primary winding, which causes the
secondary winding to feed current to the load. In the second phase the current of
the primary winding is fed to the load, while at the same time the secondary
winding is connected to the input voltage U. If the switches, magnetic core and
windings would operate without losses and U = Uc, then the first and the second
phases would be equally long, and energy taken from the voltage input by the
primary winding in the first phase would be the same as fed to the load during the
second phase. Also the secondary winding feeds during the first phase current to
the load as much as it takes during the second phase. In practice, the
components have losses, and the second phase is then shorter than the first.
However, as in an ideal transformer the products Ne * le and Nt * It are almost the
same, it can be measured in the above arrangement that there is a great
difference in these products: Ne * le is remarkably bigger than Nt * It. The
measurements show that typically Ne *le= 25*0,9A=225Aand Nt * It =38 *
0,45 A =171 A, and then the relation of Ne *le / Nt * It = 1,32, or Ne * le = 1,32
Nt * It.

The high current difference of the primary and secondary winding effects in the
following way: If the voltages U and Uc are equal, the secondary winding feeds
less current in the load during the phase 1, but it also takes equally less power in
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the phase 2, and no increase in the efficiency is seen. Now, if the phase 2 is
made longer in one way or the other, then the secondary winding would maintain
the higher primary current for a longer period when it decreases towards zero. In
this case the secondary current takes power according to the formula Pt = U * It,
but the primary current feeds power to the load according to Pe = Uc * le. Here Nt
* It is now less than Ne * le by the multiplier 1,32. Because the winding turns are
25 in the primary and 38 in the secondary windings and their relation is 0,658, the
voltage applied to the secondary winding in the phase two effects by this relation
to the primary winding, but however, the secondary current is not this much
smaller, but instead 0,658 / 1,32 times smaller, i.e instead 0,6 A it is 0,45 A
because of the current difference. Accordingly it takes less power in the phase 2,
which then improves the efficiency if the phase 2 is longer than the phase 1.
There is also, however, a counter effect that starts to eliminate the efficiency
improvement in longer periods of the phase 2. As soon as the T2 switches voltage
to the secondary winding, the voltage in the secondary winding begins to reduce
the current difference, and the longer the phase 2 is, the bigger the counter effect
is in the phase 2.

In addition to the above example where Uc was smaller than U, and the phase 2
then longer than the phase 1, an improvement in the efficiency can be achieved
also when Uc is equal to or higher than U. In the latter case the phase 2 becomes
shorter than the phase 1, but also in this case the total current Nt * It in the
secondary winding is smaller compared to Ne * le by the earlier mentioned
multiplier, which means less energy from the capacitor voltage U by the
secondary current during a short period of time, and accordingly improved
efficiency. The same effect can be achieved also by other arrangements. E.g. if
the secondary current circuit contains a sufficient inductance itself, then the
energy of this inductance provides a similar forward voltage for the secondary
winding as the capacitor voltage U, and the secondary current can be directed to
the load capacitor also in the second phase with an improved efficiency. This
example is explained more in detail elsewhere in this application.

To illustrate the above effect, a practical example calculation is shown. The
voltage Uc is reduced from 30 V to 29 V (which is the sum of capacitor voltage
28,5 V and switch drop voltage 0,5 V) in order to make the phase 2 longer, which
represents a 3,3 % decrease in the voltage Uc. This reduction increases a little
the primary and secondary currents, but most of all, it increases the time of the
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phase 2 from the ideal 10 us up to 12,5 us depending on other settings, which
means 25% increase in the power output in the second phase.

When the relation of the number of turns of primary and secondary windings is 25
/138 = 0,658, the following calculation formula can be derived for the time of the
second phase: dT2 = 0,658 * L2 * dle /(Uc - 0,658 * U) = 0,658 * 200 * 0,9 /(28,5
+0,5-0,658 * 30) = 12,8 ps. Considering that the main factors in the formula are
the ratio of the primary and secondary winding turns and the secondary winding
inductance, and the relatively good conformance with the measured result, this
calculation result supports then also the reliability of the explanation of the effect.
It has to be noticed that many loss factors of the arrangement have not been
included in the formula, and this is why the result of calculation can be bigger than
the measured value.

Figure 2B illustrates another exemplary switched mode converter circuit according
to the invention. This embodiment is similar to the embodiment of Figure 2A,
except the inductive components of the secondary circuit. In this embodiment the
inductance of the secondary circuit is increased with a separate inductor L3,
which is connected in series with the secondary winding L2. In this embodiment
the secondary winding L2 may have a same inductance and same inner diameter
as the primary winding L1 because the inductance of the secondary circuit is
increased with the separate inductor L3. The inductance of the secondary circuit
is the sum of the inductances of the secondary winding L2 and the separate
inductor L3, whereby this sum inductance of the secondary circuit must be greater
than the inductance of the primary circuit. The efficiency of this embodiment can
be determined in a similar manner as for the embodiment of Figure 2A, but
instead of using the inductance value of the secondary winding it is necessary to
use the sum value of the inductances of the secondary winding and the separate
inductor.

There are two thus main ways to increase the inductance of the secondary circuit;
increasing the diameter of the secondary winding as applied in the embodiment of
Figure 2A and using a separate series inductor as applied in the embodiment of
Figure 2B. However, it is also possible to use a combination of these two ways to
increase the inductance of the secondary circuit, i.e. using both a secondary
winding L2 with an increased diameter and a separate series inductor.
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According to an embodiment of the invention, an additional voltage source is
located at the inductance L3 location in the component topology. According to an
ensemble of embodiments the voltage source can comprise at least one of the
group comprising: Inductor L3, capacitor C3, accumulator A3. The dashed lines
illustrate optionality between the combinations in the embodiments. According to a
further embodiment the additional voltage source indicated in the Fig 2B can be
embodied similarly also in Fig 2C as indicated in Fig 2B and the accompanying
text. Based on the illustrated embodiments, although an embodiment example
with parallel coupled multi-component comprising group is shown, a skilled
person in the art can provide other topologies of these components (L3, C3, A3)
comprising in series coupled components. In addition resistive components can
be used additionally to fit the reactance to the coupling for the indicated location.

Figure 2C illustrates a circuit diagram of a further exemplary switched mode
power converter. This embodiment is similar to the embodiment of Figure 2A,
except that the secondary winding is not connected to the power source with a
controllable switch. Instead, the secondary winding is only connected to the load
through the diode D2. An increase in efficiency is not quite as high as in the
embodiment of Figure 2A, but this circuit has fewer components and may be
useful in some power supply applications. According to an embodiment of the
invention an additional voltage source comprising at least one of the group
comprising an inductance L3, capacitor C3 and an accumulator A3 can be added
into the embodied circuit as an alternative to the secondary switch T2 or
supplementary. Potential locations for such additional voltage sources are
illustrated via the exemplified alternatives for single additional voltage sources, or
combinations thereof. Alternative character of a couplings in Figure 2C is
indicated by a dashed line. Although same symbols used for alternative
components in different locations, the example does not limit the component
values only to the same value.

Fig. 3 illustrates a circuit diagram of a further exemplary switched mode power
converter in accordance with the present invention. In this embodiment one of the
two terminals of the load is coupled to the same fixed polarity as the controllable
switches T1 and T2. In the embodiments of Figures 2A and 2B the load terminal is
coupled to the same fixed potential as the windings L1 and L2. In the embodiment
of Figure 3 the input voltage U is added to the voltages of the windings L1 and L2
when energy is transferred to the load. Therefore, energy is also transferred to the
load from the input source during the both phases 1 and 2 of the converter:
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- In phase 1 the load voltage -Uc = -57 V and the input voltage U = 30 V both
affect in the secondary winding. The difference of these voltages is 27 V, and
now the effective counter voltage in this example is -27 V, which is about the
same as in the previous example, i.e. - Uc = - 29 V. In phase 1 the primary
winding is connected to the input voltage U = 30 V, which causes a voltage in the
secondary winding, and makes the currents rise in the secondary winding
according to the secondary voltage, -Uc and inductances in the secondary
winding, and in the primary winding in a similar way as in the previous examples;

- In phase 2 both input voltage U and the load voltage —Uc affect in the primary
winding. The counter voltage is -27 V in this example, whereby considering the
reduced forward voltages from the secondary circuit to the primary circuit the
counter voltage is lower by 2 V compared to the earlier example where it was 29
V. In this situation the given equation gives a longer time period for phase 2 of the
converter,

- The calculatory time length for phase 2 can be derived by using the given
formula dt = (Ne/Nt) * L2 * dle / (Uc — (Ne/Nt) * U). In the present embodiment
other values in the formula are the same as in the embodiment of Figure 2A
except voltage Uc, which now has the value Uc = U-56,5V - 0,5V =27 V. The
formula now gives dt = 16,3 us, which matches with measurements.

In an embodiment of the invention the smaller magnetic flux at the location of the
secondary winding induces a smaller counter voltage in the secondary winding
during the second phase, which requires then less input power by the secondary
winding in the second phase during the reduction of the primary and secondary
currents.

The output power of the converter is thus increased when compared to the
embodiment of Figure 2A, and the efficiency is also increased by 3-4 percentage
units.

Figure 4 illustrates a diagram of an exemplary control sequence for circuits of
Figures 2 and 3. Although the examples on rise and discharge of current I1, in
respect to the pulses G1 and G2 having the state ON as indicated, illustrated in
the embodiments in Fig 4, as well as the intermediate time between two
successive rises of same phase, the embodiments are not limited only to the
shown example. In practice the component values in combination to the pulse
generator’'s G pulses determine the duration of the rise and discharge, as well as
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the intermediate time between the triangular pulses of 11 embodied in in Fig.4, i.e.
details of the pulse geometry of I1.

Figure 5 illustrates an exemplary ferromagnetic core F according to the invention,
which has a primary winding L1 and a secondary winding L2. The inner diameter
d2 of the secondary winding L2 is greater than the inner diameter d1 of the
primary winding.

In this patent specification the structure of the other various components of a
switched-mode power converter is not described in more detail as they can be
implemented using the description above and the general knowledge of a person
skilled in the art. Each of the elements such as the switching transistors, the core,
the windings, and the separate inductor, can include one component or it may
consist of two or several components. The component types have been
mentioned as examples, and a person skilled can think of several alternative
component types providing the functionalities described above.

The switching element T1 and T2 of the converter circuit may be a power
semiconductor, such as MOSFET or an IGBT, for example. The gates of the
switching transistors are controlled with corresponding outputs of a pulse
generator G.

Figure 6A illustrates a method for converting electrical power, wherein an
electrical power converter of switching type is used for the method
implementation. In an embodiment of the method, T1 is controlled 601 to open by
the corresponding level of the pulses of G1. Energy is stored 602 to L1, L2 and
load. T1 is controlled 603 to close by the corresponding G1 phase, and
simultaneously T2 by G2 to open in those embodiments that use T2. Energy is
released 604 from L1 and L2, energy is added from U to L2. Next, T2 is controlled
605 to close by G2 in those embodiments that use T2. The cycle starts again from
the 601, as illustrated by the arrows. At a first phase of the method a first primary
switch T1 of the converting circuit is controlled by pulses of a pulse generator so
that the first primary switch T1 connects according to the pulses of G1 of input
voltage U to a primary winding L1 of a ferromagnetic core F. The pulse generator
G is configured and/or coupled to produce pulses that correspond the ON state of
the T1, and between two immediate such pulses there is a pulse level, called here
as pitch, corresponding the OFF state of the T1. Energy is stored to L1, L2 and
load.
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T1 is controlled by G1 close and T2 simultaneously open by G2. According to an
embodiment, in a second phase energy is released thereafter, from the primary
winding L1, the energy being led to a load through second switch T2, whereby the
current 11 of the primary winding L1 is decreased. According to an embodiment of
the invention this energy is transferred to the primary winding L1 during said
decrease of current |1 of the primary winding L1 to the primary winding and/or
another energy source in order to improve the efficiency of the conversion energy
of the secondary winding L2.

According to an embodiment in alternative or supplementary, during the second
phase controlling the secondary switch T2 is to connect according to the pulse of
G2 the input voltage U to a secondary winding L2 of the ferromagnetic core F in
order to increase the release of energy from the primary winding L1 to the load
LOAD, C, R, so as leading during the first phase released energy from the
secondary winding L2 of the core F to the load through second secondary switch
T2. T2 is controlled to close, before the T1 being controlled to open 601 in next
cycle. In those embodiments that use other energy directing component than T2,
the circuit operation follows the embodiments illustrated in Fig 2C, and the energy
is directed to the load according to the embodied circuit topology.

According to an embodiment variant, the pitch is set to a constant duration, but
according to an embodiment variant it is made adjustable. According to an
embodiment of the invention the ON state duration is set to a constant duration,
but according to an embodiment variant of the invention it is made adjustable.
According to an embodiment of the invention duration of a pulse and/or a pitch is
determined by the pulse generator’s pulse geometry, but in a variant of such an
embodiment by an intermediate latch-circuit adjusted for pulse geometry and its
details in respect of amplitude, pitch and/or pulse length.

According to an embodiment of the invention the pulse generator can be adjusted
to change from a first pulse duration to another pulse duration. According to an
embodiment of the invention the pulse generator can be used in adjusting to
change from a first pitch duration to a second pitch duration.

According to an embodiment of the invention the pulses of G2 can be same way
adjusted as disclosed above for the G1. According to an embodiment the G1 is
made adjustable independently on G2. In alternative or supplementary, according
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to an embodiment the G2 is made adjustable independently on G1. According to
an embodiment of the invention at least on pitch or pulse duration of at least one
of G1 and G2 adjustment is step-wise, but according to an embodiment of the
invention the adjustment is gliding. This way the pulse characteristics of G1 can
be changed from a first set of pulsing parameters to a second set of pulsing
parameters, so facilitating use of the converter for a different type of loads.
According to the step-wise change the switching between different type of loads
can be made instantly as fast as the response times of the electronics allow.

Although in embodiments of the invention the pulses of G1 and/or G2 as such are
considered to be generated as square pulses as illustrated in the example of
Figure 4, i.e. pulses with sharp rise and fall time with essentially constant value
level there between, so as considered in terms of analogue square pulse
geometry, according to an embodiment of the invention the pulse generator G or
an interfacing latch circuit driving the T1 and/or T2 in G’s conduction (the latch
may be included into G in embodiment variant) can be adjusted digitally to
generate pulses G1 and/or G2. In some embodiment variants at least one of the
T1 and T2 can be driven directly by a digital signal or two forming suitable pulse
trains for the respective G1 and G2 to be combined as illustrated in Figure 4. This
ways the load can be energized in accordance of the digital control signal.

Figure 6B illustrates a variant of an embodiment embodied as a method of
converting electrical power, with a switched mode converter according to an
embodiment of the invention. Such a converter is coupled for converting electrical
power via utilization of an unequal magnetic flux in the core F, the coupling having
at least one of said primary and secondary windings L1, L2 being located, and/or
has such a shape or a diameter d1, d2, at some distance from the secondary and
primary winding L2, L1, respectively, to provide an unequal magnetic flux.

According to an embodiment of the invention the method comprises: controlling
611 in the first phase, the first controllable switch T1 with primary control pulses
G1 to energize the primary winding L1 to increase its current |1 to create a
magnetic flux in the core F. The method comprises switching 612 by said primary
control pulses G1 the first controllable primary switch G1 into ON state to connect
the primary winding L1 to input power during said control pulse G1. The method
comprises also energizing 613 in the second phase directly after the primary
pulses G1 each the secondary winding L2 by secondary pulses G2 of input power
P via the second primary switch T2 in ON state during said secondary pulses G2.
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In the embodiment of the method, it comprises also directing 614 by setting said
first controllable primary switch T1 into OFF state, the primary winding L1 to
release magnetic energy of the magnetic flux to the load LOAD, R, C, between the
ON states of the primary pulses G1, whereby the current |1 of the primary winding
L1 decreases. The period of G2 in ON state of T2 can be embodied according to
the embodiments illustrated as associated to Figure 4. The next cycle is
scheduled 615 to begin when T1 is controlled to open as in phase 611.

The control functions of the switched-mode converter can be implemented with
analogue circuits, such as an ASIC circuit, whereby a simple implementation
would be achieved. However, to achieve a more advanced functionality, a digital
implementation is preferred. When a microcontroller/processor is used the circuit
requires a suitable processor program, which is executed in a device. To convert
a known device or system into equipment according to the invention it is
necessary, in addition to the hardware modifications, to store into the memory
means a set of machine-readable instructions that instruct the microprocessor(s)
to perform the functions described above. Composing and storing into memory of
such instructions involves known technology which, when combined with the
teachings of this patent application, is within the capabilities of a person skilled in
the art.

Above, only some embodiments of the solution according to the invention have
been described. The principle according to the invention can naturally be modified
within the frame of the scope defined by the claims, for example, by modification
of the details of the implementation and ranges of use.

The present invention can be applied in external and internal DC power supplies
for various purposes and for various electronic devices
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Claims

1. Switched mode converter for converting electrical power, comprising in its

coupling:

- a ferromagnetic core (F),

- a primary winding (L1) on the ferromagnetic core (F),

- a secondary winding (L2) on the ferromagnetic core (F),

- a first controllable primary switch (T1) coupled controllably with primary control
pulses (G1) to connect the primary winding (L1) to input power (P) when the
controllable primary switch (T1) is set into ON state, to energize the primary
winding (L1) to increase its current (I11) to create a magnetic flux in the core
(F) so that the increase of the magnetic flux also increases the secondary

current (12) in the secondary winding (L2),

- a second primary switch (D1) coupled to connect the primary winding (L1) to a

load,

wherein said secondary winding (L2) is coupled controllably (G2) to get energized
by secondary pulses of input power (P) via a switch (T2) being controlled, directly
after the primary pulse (G1), when the primary winding (L1) being releasing the

magnetic energy,
wherein to have the switched mode converter operated with improved efficiency,

- said secondary winding (L2) is located at some distance from the primary
winding (L1) so with the structure facilitating an unequal magnetic flux to develop

in the ferromagnetic core (F); and/or

- at least one of said primary (L1) and secondary windings (L2) have such a
shape or diameter, that the magnetic flux of the ferromagnetic core (F) is unequal
being smaller on the location of the secondary winding (L2) because of the
opposite current direction of the secondary winding (L2) which reduces the growth

of the magnetic flux.
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2. The switched mode converter according to claim 1, wherein the switched
mode converter is coupled to convert electrical power in a first phase and a

second phase, the converter comprising in its coupling:

- a first controllable primary switch (T1), in said first phase, coupled to have ON
state and OFF state, coupled controllably with primary control pulses (G1)
having states corresponding said ON and OFF states of said primary switch
(T1), to connect the primary winding (L1) to input power (P) when the switch
(T1) is set into ON state, to energize the primary winding (L1) to increase its
current (1) to create a magnetic flux in the core (F), until the primary switch
(T1) is set into OFF state, by the control pulse’'s (G1) OFF state, so that the
increase of the magnetic flux also increases the secondary current (I12) in the

secondary winding (L2),

- a second primary switch (D1) coupled to connect the primary winding (L1) to a

load

- a controllable secondary switch (T2), coupled to have ON state and OFF state,
coupled controllably with secondary control pulses (G2) having states
corresponding said ON and OFF states of said secondary switch (T2),
coupled to connect the secondary winding (L2) to input power (P) when the
secondary switch (T2) is set into ON state, to energize the secondary winding
(L2),

wherein in said second phase, said secondary winding (L2) is coupled to get
energized by said secondary control pulses (G2) of input power (P) via the
secondary switch (T2) being controlled to ON state directly when the primary
pulse’s (G1) state corresponds the state OFF of said primary switch (T1), when in
said second phase the primary winding (L1) being releasing the magnetic energy

into the load,

wherein to have the switched mode converter operated with an improved
efficiency, said secondary winding (L2) is located at some distance from the
primary winding (L1) so to provide an unequal magnetic flux to develop in the
ferromagnetic core (F); and/or at least one of said primary (L1) and secondary

windings (L2) have such a shape or diameter (d1,d2), that the magnetic flux of the
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ferromagnetic core (F) is unequal being smaller on the location of the secondary
winding (L2) because of the opposite current direction of the secondary winding

(L2) which reduces the growth of the magnetic flux.

3. The switched mode converter according to claim 1, characterized in that it
comprises counter voltage means in the coupling means (L3, C3, A3) to produce
counter voltage in relation to the secondary current (12), wherein the counter
voltage means comprise at least one of the following: the inductance (L3) of the

secondary circuit and a capacitor (C, C3), and an accumulator.

4. The switched mode converter according to claim 1, 2 or 3, characterized in
that it comprises in the coupling a secondary switch (T2) to controllably (G2) set
the secondary winding (L2) into the state of being not energized by pulses of input
power (P), wherein the secondary side of the coupling comprises an inductance
(L2) having a self-inductance of the secondary coil itself, which generates a
voltage proportional to the secondary current (I12) change, said inductance being

including a further inductance or the inductance (L3).

5. The switched mode converter according to claim 1, characterized in that it
comprises a circuitry (FIG. 2C) connected so that in the second phase the
secondary winding (L2) is in the state of being not energized by pulses of input
power (P), and in said circuitry, the secondary circuit includes such a self-
inductance Ls (L2) which generates a voltage proportional to the secondary
current (12) change (Us = Ls x dls /dt) in the direction of the current, which then
impacts in the similar way as secondary pulses of separate input power, wherein

said inductance comprises an inductance mentioned in the claim 3.

6. The switched mode converter according to claim 1, characterized in
that the coupling at the secondary winding (L2) side comprises an additional
voltage source, that is at least one of the following: Inductor (L3), Capacitor (C,
C3), Accumulator (A3).

7. The switched mode converter according to claim 1, characterized in that
inductance of the secondary circuit (L2) is greater than inductance of the primary
circuit (L1).
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8. The switched mode converter according to claim 6 or 7, characterized in
that the secondary winding is continuously connected with a switch (D2) to the
load, and accordingly also during the decrease phase of the primary (1) and
secondary currents (l12) these both currents release energy to the load, the

coupling being implemented optionally without the secondary switch (T2).

9. The switched mode according to claim 1, characterized in that the secondary
winding (L2) side includes an additional voltage source that is at least one of the

following: inductor, capacitor (C).

10. The switched mode converter according to claim 7, characterized in that the
distance between the inner diameter (d2) of the secondary winding (L2) and the
outer diameter of the core (F) is higher than the distance between the inner

diameter (d1) of the primary winding (L1) and the outer diameter of the core.

11. The switched mode converter according to claim 4, characterized in that it
comprises an inductor (L3) in series with the secondary winding (L2), said

inductor (L3) being separate from said core (F).

12. The switched mode converter according to any preceding claim,
characterized in that the ferromagnetic core (F) has a closed shape, such as a

toroid, or a polygon.

13. The switched mode converter according to claim 12, characterized in that
the primary winding (L1) and the secondary winding (L2) have separated

positions on the core (F), preferably located at opposite sides of the core (F).

14. The switched mode converter according to any claim 1 to 13, wherein
the primary (L1) and secondary windings (L2) are arranged on to the magnetic
core (F) so that the magnetic flux of the ferromagnetic core (F) is unequal along
the path of the magnetic core (F) being smaller on the location of the secondary
winding (L2).

15. The switched mode converter according to any claim 1 to 14, wherein the
windings of said primary (L1) and secondary windings (L2) are so made that
opposite current direction of the secondary winding (L2) occurs to reduce the

growth of the magnetic flux.
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16. The switched mode converter according to a claim 1 to 15, wherein the
windings of said primary (L1) and secondary windings (L2) are so made that a
smaller magnetic flux at the location of the secondary winding (L2) induces a
smaller counter voltage in the secondary winding (L2) during the second phase
consequently consuming less input power (P) by the secondary winding (L2) in

the second phase during the reduction of the primary (1) and secondary currents
(12).

17. The switched mode converter according to a claim 1 to 16, wherein the
converter further comprises a secondary circuit with a secondary winding (L2) on
the ferromagnetic core (F), and the secondary circuit is arranged to transfer
energy of the secondary winding (L2) and/or another energy source to the primary

winding (L1) during said decrease of current of the primary winding (L1).
18. Switched mode converter for converting electrical power, comprising:
- a ferromagnetic core,

- a primary winding on the ferromagnetic core,

- a first controllable primary switch connecting the primary winding to input power

when the switch is in ON state,
- a second primary switch connecting the primary winding to load,

wherein the first controllable primary switch (T1) is controlled with primary control
pulses (G1) to energize the primary winding (L1) by increasing its current (1)

during a primary pulse (G1) to create a magnetic flux in the core, and

wherein between primary pulses (G1) the primary winding (L1) releases energy of
the magnetic flux to the load whereby the current (11) of the primary winding (L1)

decreases (I1),

characterized in that in order to improve the efficiency of the converter, the
converter further comprises a secondary circuit with a secondary winding (L2) on
the ferromagnetic core (F), and the secondary circuit is arranged to transfer

energy of the secondary winding (L2) and/or another energy source to the primary
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winding (L1) during said decrease of current (I11) of the primary winding (L1),

wherein the transfer of energy of the secondary circuit is arranged by

- a circuitry (FIG. 2C) connected so that in the second phase the
secondary winding (L2) is in the state of being not energized by pulses of input
power, and the secondary circuit in said circuitry includes such a self-
inductance Ls (L2) which generates a voltage proportional to the secondary
current change (Us = Ls x dlIs /dt) in the direction of the current, which then
impacts in the similar way as secondary pulses of separate input power
wherein the secondary winding (L2) is continuously connected with a switch
(D2) to the load, and accordingly also during the decrease phase of the primary
(1) and secondary currents (l12) these currents release energy to the load
(LOAD, R, C), the coupling being implemented optionally without the secondary
switch (T2), or optionally

- a controllable secondary switch (T2), coupled to have ON state
and OFF state, coupled controllable with secondary control pulses (G2) having
states corresponding said ON and OFF states of said primary secondary switch
(T2), coupled to connect the secondary winding (L2) to input power (P) when the
switch (T2) is set into ON state, to energize the secondary winding (L2) to the

load.
19. A method for converting electrical power, wherein:

- a first primary switch (T1) is controlled (G1) to connect a pulse of input voltage

(U) to a primary winding of a ferromagnetic core (F) at a first phase,

- thereafter, released energy from the primary winding (L1) is led to a load through
second primary switch (D1) at a second phase, whereby the current of the primary

winding (L1) is decreased,

which method is characterised in that in order to improve the efficiency of the
conversion, energy of the secondary winding (L2) and/or another energy source
is transferred to the primary winding (L1) during said decrease of current (11) of

the primary winding (L1).

20. A method for converting electrical power, wherein:
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- at a first phase controlling a first primary switch (T1) being controlled to connect
a pulse (G1) of input voltage (U) to a primary winding (L1) of a ferromagnetic core

(F).

- at a second phase releasing energy thereafter, from the primary winding (L1)
being led to a load through second primary switch (T2), whereby the current (I1)
of the primary winding (L1) is decreased,

characterised by

- transferring energy to the primary winding (L1) during said decrease of current
(1) of the primary winding (L1) to the primary winding and/or another energy
source in order to improve the efficiency of the conversion energy of the
secondary winding (L2).

21. The method according to claim 20, characterised in that

- during the second phase a first secondary switch (T2) is controlled to connect a
pulse (G2) of input voltage (U) to a secondary winding (L2) of the ferromagnetic
core (F) in order to increase the release of energy from the primary winding (L1)

to the load, and

- during the first phase released energy from the secondary winding (L2) of the

core (F) is led to the load through second secondary primary switch (D1).

22. A method of converting electrical power, with a switched mode converter

according to any claim 1 to 15 as being coupled for converting electrical power,
wherein, the method comprises:

- controlling (515) in the first phase, the first controllable switch (T1) with primary
control pulses (G1) to energize the primary winding (L1) to increase its current

(I1) to create a magnetic flux in the core (F),

- switching (512) by said primary control pulses (G1) the first controllable primary
switch (T1) into ON state to connect the primary winding (L1) to input power

(P) during said control pulse (G1),

- energizing (513) in the second phase directly after the primary pulse (G1) the
secondary winding (L2) by secondary pulses (G2) of input power (P) via the

second primary switch (T2) in ON state during said secondary pulses (G2),
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- directing (514) by setting said first controllable primary switch (T1) into OFF
state, the primary winding (L1) to release magnetic energy of the magnetic
flux to the load between the ON states of the primary pulses (G1), whereby

the current (I1) of the primary winding (L1) decreases.



WO 2015/128551 PCT/FI12015/050123

1/5

FIG. 4

PR R e
PRIGR AR



WO 2015/128551 PCT/FI12015/050123

2/5

G
%!

FIG. 4




WO 2015/128551 PCT/FI12015/050123

FIG. 2B
. s 4
o T &
iy 2z
\ &N e L2




WO 2015/128551 PCT/FI12015/050123




WO 2015/128551 PCT/F12015/050123
5/5
| Controlling T1 by G1 open F\\\\\\\\\\\\\\\
601 8 y P \§
\ \
N 3
| ~ §
602 Storing energy to L1, L2 + load §
N
N N
ad Controlling T1 by G1 close and \
. 3
603 Simultaneously T2 by G2 open §
\ \
. 3
604/\“' Releasing energy from L1 and L2, §
. 3
Adding energy from U to L2 §
. N
GOS/L Controlling T2 by G2 close \
Y \
N 3
. %
FIG 6A
611/L Controlling
N
| S
612 Switching
3
N
\\.
Energizing
613 =
2 Directing
614 <
N
\
3
Next cycle
615 y

FIG 6B



INTERNATIONAL SEARCH REPORT International application No.

PCT/F12015/050123

A. CLASSIFICATION OF SUBJECT MATTER

See extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: HO2M, HO1F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

FI, SE, NO, DK

Electronic data base consulted during the international search (name of data base, and, where practicable, search terms used)
EPO-Internal, WPIAP, XPI3E, XPIEE, COMPDX, INSPEC, NPL

the priority date claimed

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 2565883 A1 (UNIV CORK) 06 March 2013 (06.03.2013) 1-22
abstract, paragraphs 0024 — 0027, 0029, 0040 — 0042, claims, and figures
A JP 2008306786 A (DAIHEN CORP) 18 December 2008 (18.12.2008) 1-22
abstract [online] EPOQUENET EPODOC & WPI & machine translation
into English by Thomson Scientific [online] EPOQUENET TXTJPEA
paragraphs 0028 — 0032, 0091 — 0117, claims, and figures
A WO 2013042539 A1 (MITSUBISHI ELECTRIC CORP [JP]) 1-22
28 March 2013 (28.03.2013)
abstract, & machine translation into English by Thomson Reuters [onling]
EPOQUENET TXTWOTEA, and figures 1-11
A US 2012257421 A1 (BRKOVIC MILIVOJE [US]) 1-22
11 October 2012 (11.10.2012)
abstract, claims, and figures
Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theoty underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive stepy
"L"  document which may throw doubts on priority claim(s) or which when the document is taken alone
is cited to establish the publication date of another citation or other "y document of particular relevance; the claimed invention cannot
special reason (as specified) be considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
"P"*  document published prior to the international filing date but later than being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 May 2015 (22.05.2015)

Date of mailing of the international search report

28 May 2015 (28.05.2015)

Name and mailing address of the ISA/FI
Finnish Patent and Registration Office
P.O. Box 1160, FI-00101 HELSINKI, Finland

Facsimile No. +358 9 6939 5328

Authorized officer

Marko Lammintausta

Telephone No. +358 9 6939 500

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No,

PCT/F12015/050123

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Soltanzadeh K. et al. “Investigation of DC-DC resonant converter
constructed nanostructure magnetic core transformer for power
distribution system,” Electrical Power Distribution Networks (EPDC), 2012
Proceedings of 17th Conference on, 2.5.2012

whole document

1-22

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT . C
International application No.

PCT/F12015/050123

CLASSIFICATION OF SUBJECT MATTER

IPC

HO2M 3/158 (2006.01)
HO1F 27/28 §2006.01g
HO1F 37/00 (2006.01

Form PCT/ISA/210 (extra sheet)




INTERNATIONAL SEARCH REPORT

International application No.
Information on Patent Family Members

PCT/FI2015/050123
Patent document Publication Patent family members(s) Publication
cited in search report date date
EP 2565883 A1 06/03/2013 US 2013141199 A1 06/06/2013
JP 2008306786 A 18/12/2008 JP 4995640 B2 08/08/2012
WO 2013042539 A1 28/03/2013 JP 5611470 B2 22/10/2014
WO 2013042539 26/03/2015
US 2012257421 A1 11/10/2012 US 8929103 B2 06/01/2015
CN 103636108 A 12/03/2014
EP 2689522 A2 29/01/2014
KR 20140015494 A 06/02/2014
WO 2012129485 A2 27/09/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

