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

(10) International Publication Number

WO 2011/031143 A1l

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
Al
(43) International Publication Date \'{_5___,/
17 March 2011 (17.03.2011) PCT
(51) International Patent Classification:
H02J 5/00 (2006.01) HO02M 7/5387 (2007.01)
(21) International Application Number:
PCT/NL2010/050570
(22) International Filing Date:
8 September 2010 (08.09.2010)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
2003450 8 September 2009 (08.09.2009) NL
(71) Applicant (for all designated States except US): TECH-
NISCHE UNIVERSITEIT DELFT [NL/NL]; Stevin-
weg 1, NL-2628 CN Delft (NL).
(72) Inventors; and
(75) Inventors/Applicants (for US only): VAN DER PILJL,

Fredrik Frank Arie [NL/NL]; Staringstraat 21 III,
NL-1054 VN Amsterdam (NL). FERREIRA, Johannes
Abraham [NL/NL]; Wethouder Verheulplantsoen 6,
NL-2497 BS 's-Gravenhage (NL). BAUER, Paul
[NL/NL]; Aleid van Malsenlaan 22, NL-2628 LE Delft
(NL). CASTILLA, Miguel [ES/ES]; C/Lo Gaiter del
Llobregat 37, E-08820 El Prat de Llobregat (ES).

(74) Agent: JANSEN, C.M.; Vereenigde, Johan de Wittlaan
7, NL-2517 JR Den Haag (NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, 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.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

TO A RESONANT TANK

(54) Title: ADAPTIVE CONTROL METHOD AND ADAPTIVE CONTROLLER FOR CONTROLLING ENERGY SUPPLIED

<@

2011/031143 A1 I 00 O O 01 OO0 O A0

Fig. 3

(57) Abstract: The invention relates to an adaptive controlling method for controlling energy- supplied by an electrical source
(14) to a resonance tank (Cr, Lr) that is connectable to an electric load (13a, 13b). The method comprises the step of determining

O an energy amount to be supplied to the tank (Cr, Lr), based on information of energy in the resonance tank (Cr, Lr.).
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ADAPTIVE CONTROL METHOD AND ADAPTIVE CONTROLLER FOR CONTROLLING ENERGY
SUPPLIED TO A RESONANT TANK

The invention relates to an adaptive controlling method for
controlling energy supplied by an electrical source to a resonance tank
connectable to an electric load.

A resonant tank includes at least one inductance and at least one

5 capacitance so that electrical energy can be stored in the tank. In certain
applications a resonance tank can be used as an intermediate electrical energy
reservoir that is fed by a particular electrical source and that might be loaded
by a varying electrical load.

Since the signal behavior of the electrical source and a desired

10  electrical behavior at the electrical load side typically do not coincide with the
electrical signals in the resonant tank, an input converter and an output
converter is interconnected between the resonant tank on one side, and the
source and the load on the other side, respectively. The converter is arranged
for transforming the frequency of the signal as well as controlling a desired

15 amplitude at the load, so that an electrical load such as a domestic appliance
may function properly. Thereto, in prior art systems, a voltage at the load is
controlled, so that a variety of load impedances can be coupled to the
resonance tank while maintaining voltage requirements.

It is an object of the invention to improve an adaptive controlling

20  method for controlling energy supplied by an electrical source to a resonance
tank connectable to an electric load. Thereto, the method according to the
invention further comprises the step of determining an energy amount to be
supplied based on information of energy in the resonance tank.

The invention is at least partially based on the insight that voltage

25  controlled converters are not optimal from an energetic point of view. An

accurate study of such a system reveals that in general more energy is
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supplied to the resonance tank than is needed in a particular situation,
thereby causing more copper losses in the tank than would be necessary.

The invention is further at least partly based on the insight that
energy information of the resonance tank includes in principle all information
regarding matching the source and the one or multiple number of electrical
loads.

It appears that, by determining an energy amount to be supplied to
the tank, based on information of energy in the resonance tank, a more
efficient control of energy to the tank and the load can be obtained, thus
leading to an energy supply system having an improved performance from an
energetic point of view. As a consequence, components and materials used in
the chain from the source to the load are optimally used.

According to an embodiment according to the invention, a buffer
component of the resonance tank energy is controlled to remain strictly
positive, so that the tank always contains enough energy to supply the
electrical loads connected to it. As an alternative, the buffer component of the
tank energy is allowed to become negative temporarily, thus achieving a very
energy efficient scheme. However, energy requirements at the load side are
then weakened.

According to a further embodiment according to the invention, a
buffer component of the resonance tank energy is minimized in the controlling
process, so that an excess of energy in the resonance tank is counteracted, thus
providing an energy efficient system.

Further, the invention relates to an adaptive controller.

The invention also relates to a computer program product. A
computer program product may comprise a set of computer executable
instructions stored on a data carrier, such as a CD or a DVD. The set of
computer executable instructions, which allow a programmable computer to
carry out the method as defined above, may also be available for downloading

from a remote server, for example via the Internet.
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Other advantageous embodiments according to the invention are
described in the following claims.

By way of example only, an embodiment of the present invention
will now be described with reference to the accompanying figures in which

Fig. 1 shows a schematic perspective view of an electric supply
network according to the invention;

Fig. 2 shows a schematic view of a part of the electric supply
network of Fig. 1;

Fig. 3 shows a simple electric scheme of the partial electric supply
network of Fig. 2;

Fig. 4 shows a more detailed electric scheme of the partial electric
supply network of Fig. 2;

Fig. 5 shows an inductive connection of a load to the electric supply
network of Fig. 1;

Fig. 6 shows a number of energy plots; and

Fig. 7 shows a flow chart of a method according to the invention.

The figures are merely schematic views of a preferred embodiment
according to the invention. In the figures, the same reference numbers refer to
equal or corresponding parts.

Figure 1 shows a schematic perspective view of an electric supply
network 1 arranged in a rectangular shaped chamber 2. Via a monitoring
element 4 the network 1 is connected to a grid point 3 of a public electric power
supply system. From the monitoring element 4, a mains line extends towards
the chamber 2. The mains line includes distribution points 5, 6 branching off
electric supply lines 7, 8 that are located near the floor and the ceiling
respectively. Electric loads, such as domestic electrical appliances, can be
connected to the electric supply lines 7, 8 in an inductive manner, as explained
in more detail below.

Figure 2 shows a schematic view of a part 9 of the electric supply

network 1. Here, a distribution point 5 is connected to an electric supply line 7
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at the floor of the chamber 2. The distribution point 5 includes a capacitor that
is arranged in series with the electric supply line 7. The electric supply line 7
is formed as an electrically conducting wire in a closed loop, so that the line 7
and the capacitor form a resonance circuit, also called LC-circuit or resonance
tank. The distribution point 5 also includes a converter for converting
electrical energy from the electrical source, e.g. a harmonic 50 Hz signal, into
electrical energy having a central frequency at the resonance frequency of the
resonance tank. The converter comprises an adaptive controller according to
the invention for controlling energy supplied by an electrical source, viz. from
the grid point 3, to the resonance tank connectable to an electric load.

In order to connect an electrical load to the electric supply line 7, a
magnetic ferrite kernel 10a-c can be shifted around a section of the electric
supply line 7 that forms a primary coil. Through the opening of the magnetic
ferrite kernel 10a-c also a secondary coil 11a-c extends so that a transformer
element is formed. The secondary coil 11a-c is connected to an output converter
12a-c for converting the resonance signal to a harmonic signal that is suitable
for powering the electrical load 13a-c, viz. a 230 V, 50 Hz signal. Since the
electrical load 13a-c is inductively connected, there is no danger for an
electrical short cut.

Figure 3 shows a simple electric scheme of the partial electric supply
network 9. Here, the resonant power converter including the controller for
controlling electrical energy supplied to the resonance tank is represented by a
controlled electrical source 14. Further, the capacitor C;, included in the grid
point 5, is shown as well as the inductor L, representing the coil 7. The
resonance tank C;, L; is connected in series with electrical loads 13a-b.
Obviously, also another number of electrical loads might be connected to the
resonance tank, e.g. a single load or three loads.

Figure 4 shows a more detailed electric scheme of the partial electric
supply network 9. The inductance representing the electric supply line is

replaced by a more complex inductor circuit 7 while the controlled electrical
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source 14 is separated in an electrical source 14a and a converter including a
switching stage 14b and the controller for controlling the energy supplied to
the resonance tank. The switching stage 14b is interconnected between
terminals of the electrical source 14a and the resonance tank, respectively. The
controller drives switching stage 14b switching elements, e.g. semiconductor
switches, preferably high power MOSFET switches. At the load side, the
output converter 12a-b includes a switching stage that is controlled to generate
a desired electrical signal from the resonance signal in the resonance tank.
The secondary coil 11a is inductively connected to the primary coil via a
magnetic coupling 15.

Figure 5 shows an exemplary inductive connection of a load to the
electric supply network 1. Advantageously, the coil of the electric supply line 7
has an elongated structure such that an offset between electrically conducting
elements of the coil is small with respect to the length of said conducting
elements, so that magnetic fields by the individual electrically conducting
elements mutually substantially cancel. In the shown embodiment in Fig. 5, a
first section 22 of the coil including conducting elements wherein, during use,
electrical currents flow in a particular direction 20, surround a second section
23 of the coil including conducting elements wherein electrical currents flow in
an opposite direction 21. By arranging the coil in such a way, a first section 22
of conducting elements or wires surround a second section 21 of conducting
elements or wires, and a net magnetic field outside the electric supply line 7
substantially vanish. Further, the electric supply line 7 can be split, e.g. by
using a clamp, at least locally, so that the inner section 21 of conducting
elements or wires can be pulled locally out of the surrounding outer section 22
of elements. The magnetic ferrite kernel 10 can than be moved between the
first and second section of the primary coil, so that the magnetic field can be

coupled to the secondary coil 11.
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During operation of the adaptive controller according to the
invention, information of energy in the resonance tank is used as a basis for
determining an energy amount to be supplied to the resonance tank.

Figure 6 shows a number of energy plots associated with energy in
the resonance tank as a function of time. The upper left plot shows the
inductive energy Ei, as a function of time t. Similarly, the upper right plot
shows the capacitive energy Ecy as a function of time t. The lower left plot
shows the total energy (inductive energy Err added to capacitive energy Ec:) as
a function of time. As expected, the total energy is mainly constant meeting an
ideal situation wherein the amount of energy that is input to the resonance
tank is equal to the energy that is output to the loads. Due to a disturbance
with respect to the ideal situation, a harmonic ripple is present in the total
energy. The lower right plot shows the energy Ein (dashed line) that is input to
the tank and the energy Eou (solid line) that is output from the tank.

It is noted that the ripple in the total energy is associated with an
instantaneous buffer component of the resonance tank energy. In the process
of controlling an amount of energy to be supplied to the tank, the
instantaneous buffer component might be set strictly positive while the
component is also minimized. Thus, the energy buffer component is used as a
basis of information of energy in the resonance tank for the purpose of
determining an energy amount to be supplied to the resonance tank.

Advantageously, a filtered increase of resonance tank energy is
integrated and subsequently controlled to a value depending on energy
supplied to the resonance tank. As an example, said value might be related to
the supplied energy in a linear or quadratic way. Depending on a particular
application, a proper relation of said value with the supplied energy can be
established. Further, the time scale of the filtering process is then different,
preferably larger than the time scale of the integrating process, so that a
filtered increase of the instantaneous energy buffer component is integrated

and related to said value depending on energy supplied to the resonance tank.
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Resonance tank energy information can be determined by measuring
at least one physical parameter associated with the resonance tank, e.g. an
electrical current and/or an electrical voltage.

A control objective, such as relating a filtered increase of resonance
tank energy to a value depending on energy supplied to the resonance tank,
can be implemented in various ways, e.g. depending on the converter type and
switch stage type. As an example, pulse width modulation (PWM), phase-shift
modulation (PSM) or frequency modulation (FM) can be employed. Also a
combination is possible. As a further example, a quantum conversion (QC)
modulation method can be used wherein the modulation is controlled
synchronous with the resonance frequency of the resonance tank.

Further, different control algorithms can be applied, both linear and
non-linear. As an example, a controller based on sliding-mode control theory is
explained in more detail below. In order to arrive at a specific controlling
method, one or more control objects have to be rewritten as a valid sliding
surface.

A key observation is that the tank transfers energy from one
quantum period to the next, although each of the tank components discharges
completely during a (quantum) period. Next important observation is the fact
that the resonant inductor L, can not transfer energy between periods, because
by definition a consecutive period starts with zero current, and therefore with

an energetic empty resonant inductor. The buffer energy is rewritten into (3).

l . i —
J.DELC (Odt UE, D_([("r L4, [Elr/zﬂ;'}jdt i, 3)

The right-hand side of (1) is provided in (4).

E,; OOTE, 4)
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The input sliding surface — related to the input converter — then follows in (5)

as the difference of equations (3) and (4).

C

input

v sgn(i, )Z— a2 v, sgn(i, )Z )
+w

c c

The purpose of (5) is to become zero, which implies that (5) can be divided by

the average of ir.

0]
Sipus =————V, 8g0(i,) — @ o', sgn(i.) (6)
s+ +w

c c

While surface (6) is the basic sliding surface, a rewritten form is better suited
for mathematical analysis. First step is to rewrite the second right hand term

in (6) into (7).

v, sgn(i,) =V, u, (7)
In (7), the DC input voltage is denoted Vin and the control input is denoted by

up. The left term is rewritten by noting that

C

s+ a

c

v sgn(i,) = C-Z, (®)

where C is a constant dependent on the resonant capacitor value and the

[ Is

2
angular resonant frequency: C== @ -C..
V4

The motivation behind the (close) approximation (8) is that applying

the low-pass filter onv sgn(i ) is equivalent to the average of i (up to the
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constant C), when accepting the loss of phase information between voltage and
current. Though, one of the strengths of quantum conversion is that phase
information is not used at all, because switching occurs only at zero resonant
current. If for example the control method would be applied to a different
conversion method than quantum conversion (e.g., PWM or FM, see previous
paragraph), (8) would not be true.

Substitution of (7) and (8) in sliding surface (6) leads to the
rewritten sliding surface (9). Note that phase information is also discarded

from the second right hand term by only using the magnitude of the filter.

u —

1 (4

s+,

Interpreting (9), the first right hand side term represents the buffer
energy in the resonant tank when it is multiplied by the resonant current. The
second term represents a fraction a of the supplied energy, when also
multiplied by the resonant current. Note that both terms originally contained
the same resonant current factor iy, which has been left out of the equation,
but the energetic origin of the terms is still clear.

The intuitive reason that (9) ‘works’ is that the supplied energy
reacts little more slowly than the buffer tank energy. For example, adopting
the common control law (10), it is clear that the buffer will grow faster than

the average supplied energy when Sp>0 and as a result Sp becomes <0, and

vice versa.
1, Sp >0
u, = (10)
P, §,<0

In the following a formal proof of the validness of (candidate) sliding

surface (9) is provided. In sliding-mode control theory the following 3
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conditions must be formally met to guarantee stable closed-loop operation:

Reaching condition, Existence condition and Stability condition.

Reaching considers the fact that the control law must assure to
reach the sliding surface (in finite time) starting from all possible initial states.
Existence means that the system dynamics must be able to stay at the sliding
surface once it is reached. The stability condition considers internal stability of
the closed-loop system. Sliding mode control design effectively linearizes the
non-linear plant system, but those invisible reminiscent terms must be
checked on stability also.

We start with forming the closed-loop system dynamics with the
help of the sliding surfaces. First step is to put Sp equal to zero. Rewriting (9)
with S,=0 results in (11).

wwu, =(s+); =L ral an
dt

Substituting for di, in (11) in the averaged state-space model (i.e., (0a) and
t

(0b)) leads to the following expression for up in (12). The terms us denote the

control variables of the output switching bridges.

2 m
% o vo're -
e e e
—_ — n
0 = - (12)
v——ala
4

Substituting (12) in (0a) leads to a linear first-order differential expression in

;f, which is given in (13).
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2

=2
.r 2 u d 2- . -
dir ___ 20, Lazg C, Sy Yo J—(vl. —r,a)ifJ (13)

dt /4 = dt r
Vv, — T a)cha J=L

9

Equation (13) contains the entire dynamics of the closed-loop system.
Consulting linear system analysis, stability of the linear system is assured

when

—(v,—ra)<0 and #>0.

T
v, —Ta)cha

Rewriting the latter equations leads to the stability condition for ain (14).

a<min{t,— (14)
r. T
T —wlL
4

This shows the upper bound of & for which the system is stable. Result of
choosing ' larger than the bound in (14) is an unlimited increase of stored
energy in the primary circuit. There is no lower bound from a stability point of
view, because we look from the primary side (assuming the secondary side
dynamics being situated at the sliding surface) and the system will converge to
zero-power throughput in the worst case. See Fig. x2 for an illustration.

The existence conditions will put a lower bound for &, in order to
assure stable regime; enough input power to supply the secondary sides.

For the outputs the existence conditions are straightforward:

C.dvo—jref_kl'

~l<u;<l - i>max,|C, L (15)

n
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Condition (15) simply states that the input current must be larger than load

current plus the current through the output filter capacitor.

The input existence condition is the most interesting one. The conditions follow
5 from the fact that the equivalent input control parameter must be between 0

and 1: O<u,,, <1.

Setting the equivalent input larger than 0 leads to (16).

rr>7[—a)L (16)

10
Note that in (16) the radial frequency is the cut-off frequency of the low-pass
filter and not the resonant frequency. Equation (16) reflects the idea that the
‘filtered’ impedance of the averaged resonant tank must be smaller than the
loss resistance in order to have enough real damping. In other words, the

15  resonant tank must be able to release its energy fast enough.

The remaining condition, u,,, <1, reveals when the buffer-energy

percentage in the resonant tank is enough to assure local stability.

Substituting for u,,, the expression in (12) and rewriting, the final condition

follows in (17).

2
T |
(vi+—a)chzrjzr >
4

_ 2 _ v’ v
ri+—olali+ E O
4 =2 dt 1,

20

17

Expression (17) has the structure of an energy balance. On the right hand side,
‘loss’ terms are present. To be precise, from left to right: copper loss energy,

25  wvirtual resonant tank energy, filter capacitor energy and load energy. The
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‘virtual’ energy will be explained shortly. On the left hand side of (17) source
terms are present. The left-most term is clearly the averaged input energy,

while the right term represents the averaged stored resonant tank energy.

The virtual energy term with & turns out to be a safety measure. It
represents the dynamics of the resonant tank in essence. The momentary
resonant tank energy can not be viewed as a term completely available (to
compensate instantaneously) for the loss energies, because when the tank is
empty it must be charged, before it can transfer energy again.

The control parameter ais a function of Z (and vice versa) through
the sliding surface and the state-space dynamics. The only problem to advance

further into an explicit condition for is that i is a function of its own

derivative; see (13). The resulting first order differential equation is difficult to
solve analytically, due to the non-homogeneous sinusoidal output terms.

The following simplification is justified by the fact that interest is in
a (rough) design guidance value for & ; in practice the value for « will be tuned
by observation. Returning to expression (13), the simplification consists of

assuming zero ripple in ix(t), which makes the left hand side of (13) equal to O.

Rewriting (13) results in an approximate expression for Zas a function of a:

(18)
1, v L .
In (18), Py replacesECoj T”+]—f Substitution of (18) in (17) and
t r

9

rearranging terms leads to design condition (19).
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In the following the previous design conditions are applied to a design

example. Table 1 shows values for the parameters as introduced in Fig. 4.

Table I

Parameter values for two-clamp cable prototype as referred to in Fig. 4

Symbol QUANTITY Value

Vi input DC voltage 600 [V]
Ly input side leakage inductance 40 [uH]
rr peak value of flux linkage 2 [Q]

Tol, Vo2 output load resistances 240 [Q]
. radial resonant frequency 100k [Hz]
Vo1, Vo2 required output voltages 240 [V]
Poi, Poz required output powers 240 [W]

n number of clamps 2

Stability is assured when (14) applies:

0 < min 600 , 600 =9.7

2
%2#-105-40-10’6

The sliding surface for the output exists if (15) holds, where expression (18) is

substituted for i :
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‘/L480 Sl a>124
600—2¢r

The input sliding surface exists if (19) holds:

1
X 1
(600—%27[-105 .40-10° -aj[%}z >
T —08<a<9.7
2
2% 27.10°-40-10° [ﬂ}%o
4 600 — 20

Combining the previous conditions, the design solution gives:

1.24<a<9.7 (20)

Whereas a represents the fraction of the input energy that is used for the
buffer energy in the tank, the best (i.e., most energy efficient) solution for «r is
the minimum allowed value in (20).

Figure 7 shows a flow chart of an embodiment of the method
according to the invention. An adaptive controlling method is used for
controlling energy supplied by an electrical source to a resonance tank
connectable to an electric load. The method comprises the step 100 of
determining an energy amount to be supplied based on information of energy
in the resonance tank.

The adaptive controlling method for controlling energy supplied by
an electrical source to a resonance tank connectable to an electric load can be
performed using dedicated hardware structures, such as FPGA and/or ASIC
components. Otherwise, the method can also at least partially be performed
using a computer program product comprising instructions for causing a
processor of the computer system to perform the above described one or more

steps of the method according to the invention. All steps can in principle be
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performed on a single processor. However it is noted that at least one step can
be performed on a separate processor, e.g. the step of minimizing a buffer
component of the resonance tank energy.

The invention is not restricted to the embodiments described herein.
It will be understood that many variants are possible.

It is noted that the electric supply network according to the
invention might in principle be arranged in building rooms having an arbitrary
room geometry, such as in a house or in an office.

It is further noted that the resonance tank can be formed otherwise,
e.g. as a capacitor arranged in parallel with the coil of the electric supply line.
Further, the electrical loads might be arranged in parallel with the resonance
tank.

The resonance tank can not only be implemented as a first order LC-
circuit but also as a higher order circuit including more than two reactive
elements.

It is also noted that, as an alternative to an inductive connection,
one or more electrical loads might be connected to the resonance tank by using
an electrically conducting connection without eliminating the operation of the
adaptive controller according to the invention.

Other such variants will be obvious for the person skilled in the art
and are considered to lie within the scope of the invention as formulated in the

following claims.
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Claims

1. An adaptive controlling method for controlling energy supplied by an
electrical source to a resonance tank connectable to an electric load, the
method comprising the step of determining an energy amount to be supplied
based on information of energy Eic in the resonance tank.

2. A method according to claim 1, wherein the information of energy in
the resonance tank includes information on a buffer component of the
resonance tank energy.

3. A method according to claim 1 or 2, wherein a buffer component of
the resonance tank energy is controlled to remain strictly positive.

4. A method according to claim 2, 3 or 4, wherein the buffer component
of the resonance tank energy is minimized in the controlling process.

5. A method according to any of the preceding claims 1-4, wherein a
filtered increase of resonance tank energy is integrated and subsequently
controlled to a value depending on energy supplied to the resonance tank.

6. A method according to any of the preceding claims, wherein an
integrated filtered buffer component Epyr is controlled to be proportional to
energy Ei, supplied to the resonance tank.

7. A method according to claim 5 or 6, wherein the time scale of the
filtering and integrating process, respectively, is different.

8. A method according to claim 5, 6 or 7, wherein the value depending
on the supplied energy is related thereto in a linear or quadratic way.

9. A method according to any of the preceding claims, further
comprising measuring at least one physical parameter for determining
resonance tank energy information.

10. A method according to any of the preceding claims, further including
controlling a pulse width modulation (PWM), a phase-shift modulation (PSM),

a frequency modulation (FM) and/or a quantum conversion (QC) modulation.
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11. A method according to any of the preceding claims, wherein a
controlling step is performed based on sliding-mode control theory.

12. An adaptive controller for controlling energy supplied by an
electrical source to a resonance tank connectable to an electric load, wherein
the controller is arranged for determining an energy amount to be supplied
based on information of energy in the resonance tank.

13. An adaptive controller according to claim 12, wherein the controller
is arranged for driving a switching stage interconnected between terminals of
the electrical source and the resonance tank, respectively.

14. An electric supply network, including an adaptive controller
according to claim 13, and the resonance tank connected thereto.

15. An electric supply network according to claim 14, wherein the
resonance tank comprises an LC-circuit.

16. An electric supply network according to claim 14 or 15, wherein a
coil of the LC-circuit is inductively connectable to the electric load.

17. An electric supply network according to any of the claims 16,
wherein the coil is inductively connectable to a multiple number of electric
loads.

18. An adaptive controller according to claim 16 or 17, wherein the coil
has an elongated structure such that an offset between electrically conducting
elements of the coil is small with respect to the length of said conducting
elements.

19. A computer program product for controlling energy supplied by an
electrical source to a resonance tank connectable to an electric load, the
computer program product comprising computer readable code for causing a
processor to perform the step of determining an energy amount to be supplied

based on information of energy in the resonance tank.
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