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INDUCTION HEATING SYSTEM AND 
METHOD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. §1 19(a) to 
German Patent Application No. 10 2004 044 797.7, ?led Sep. 
1 6, 2004, the entire contents of Which are hereby incorporated 
by reference. 

TECHNICAL FIELD 

This application concerns a method and system for heating 
food, Water, or both (such as in airplanes) using induction 
heating, in Which at least one load circuit including an induc 
tor is excited by a load circuit AC voltage and/ or a load circuit 
alternating current. 

BACKGROUND 

In induction heating, an inductor is excited to oscillate in 
the medium frequency range. This inductor is conventionally 
integrated by means of an additional capacitance in a so 
called oscillating load circuit that is excited by an inverter, for 
example, by adding voltage pulses close to the resonance 
frequency of the oscillating circuit using a bridge circuit, 
semi-bridge circuit, or using one single sWitch. 

To this end, a mains voltage, for example, a single phase or 
multi-phase AC voltage from a voltage supply, is usually 
recti?ed and smoothed, and the DC voltage is supplied to an 
inverter that excites the oscillating load circuit. This con?gu 
ration generates a large portion of harmonics in the current at 
the mains voltage supply connection. The harmonics are gen 
erated substantially through recti?cation and smoothing of 
the recti?ed voltage rather than by the inverter. Or, alterna 
tively, the portions generated by the inverter can be easily 
?ltered, since the inverter usually operates at considerably 
higher frequencies than the mains voltage, that is, in a range 
from a feW kHZ to some MHZ. 

To avoid this disadvantage, either passive ?lter circuits or 
active poWer factor correction (PFC) members are conven 
tionally interconnected. Both circuits are expensive and also 
very heavy since they require large inductances. Moreover, 
these circuits require a large amount of space. 

Induction ovens for airplanes are disclosed, for example, in 
DE 198 18 831 A1. The excitation con?gurations for such 
ovens must be light and have very narroW restrictions con 
cerning harmonics. 

The mains voltage in airplanes is 200 volts measured from 
phase to phase in a three-phase system that is operated at a 
frequency of, for example, 400 HZ. The PFC members can be 
operated in this region only With inductances that must be 
specially produced and are therefore relatively expensive and 
heavy. A passive ?lter element requires even more complex 
inductances (because of siZe, Weight, and cost consider 
ations). 

It is possible to use voltages With unregulated frequencies 
(for example, in a range up to about 800 HZ) in airplanes. If 
implemented, such a design Will render the use of PFC mem 
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2 
bers even more complicated. Moreover, the Weight and costs 
of the excitation con?gurations Will also increase. 

FIG. 5 shoWs a conventional excitation con?guration. The 
voltage of each phase P1, P2, P3 is recti?ed relative to the 
neutral conductor N With a single bridge recti?er 11, 21, 31, 
respectively. Each of the DC voltages generated in this man 
ner is supplied to a ?yback converter 13, 23, 33, and each 
?yback converter is controlled by a PFC controller 12, 22, 32, 
respectively. Each PFC controller 12, 22, 32 ensures that a 
largely sinusoidal current is taken from the mains connection, 
thereby minimizing the harmonic Wave portions that act on 
the mains. Each of the AC output voltages from the ?yback 
converter 13, 23, 33 is recti?ed again using a recti?er 14, 24, 
34, respectively, and is then supplied to a common DC-link 
voltage circuit U4. The DC-link voltage circuit U4 can be 
adjusted by driving the ?yback converters 13, 23, 33, thereby 
controlling the poWer and energy supply of the oscillating 
load circuits. A common inverter 41 is connected to the DC 
link voltage circuit U4. The conventional excitation con?gu 
ration also includes one or more capacitances 43 and induc 
tors 15, 25, 35 for induction heating of the food, both of Which 
are integrated in the oscillating load circuits. 

In some conventional excitation con?gurations, tWo induc 
tors 15, 25 are used for direct heating of the food trays and a 
third inductor 35 is connected for heating Water to generate 
Water vapor. Such a con?guration is described in DE 198 18 
831 A1. The oscillating load circuit for generating Water 
vapor is often not required, and if it is included, is usually not 
used for as long as the other load circuits. In this con?gura 
tion, therefore, it should be possible to disconnect the induc 
tor 35 from the oscillating load circuit. To this end, a relatively 
complex sWitch 42, Which should be bipolarly operated, is 
required. However, this sWitch 42 is expensive and heavy, 
thus adding to the overall cost and Weight of the unit that 
houses the entire con?guration. For example, the unit around 
the three ?yback converters 13, 23, 33 is very heavy since it 
requires coils With large ferrites, and is very complex and 
expensive. 

SUMMARY 

In one general aspect, a method and system for heating 
food in an induction oven using induction heating largely 
prevents harmonics. 

In the method and system, a load circuit AC voltage and/or 
a load circuit alternating current are generated from an AC 
voltage signal having a frequency that can be predetermined, 
and are amplitude-modulated With a frequency of a mains AC 
voltage from a voltage supply. 

Accordingly, the voltage supply is loaded only With current 
having feW harmonics, thus ensuring that predetermined stan 
dards for limiting the current portions With frequencies that 
are larger than the frequency of the mains AC voltage are 
observed. The voltage supply is substantially loaded With the 
fundamental oscillation of the mains AC voltage at the phase 
Where an excitation unit in Which the method is implemented 
is connected. Thus, the current draWn from the voltage supply 
is sinusoidal and hardly has any harmonic Wave portions. 

Implementations can include one or more of the folloWing 
features. For example, the frequency of the AC voltage signal 
can be chosen to be higher than the frequency of the mains AC 
voltage, thus permitting simple and inexpensive ?ltering of 
current and voltage portions With the frequency of the AC 
voltage signal. Moreover, cheaper elements having a loWer 
Weight may be used for ?ltering. In this manner, the current 
and voltage portions With the frequency of the AC voltage 
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signal do not load the voltage supply, thus ensuring that the 
standards for limiting disturbing voltages at the mains AC 
voltage are observed. 

The method can be realized using inexpensive standard 
components and With simple construction by rectifying the 
mains AC voltage and generating the AC voltage signal from 
the recti?ed mains voltage in an inverter. 

The poWer supplied to the load circuit can be controlled in 
a particularly simple and inexpensive manner by in?uencing 
the frequency of the AC voltage signal. Additionally, genera 
tion of a DC-link voltage is not required. Previously-required 
heavy elements can be omitted. The poWer can be controlled 
only through frequency variation. 

Alternatively, the poWer supplied to the load circuit can be 
controlled by omitting individual pulses during generation of 
the AC voltage signal. In general, an inverter generates one 
positive and one negative pulse from a DC voltage Within one 
period for exciting the load circuit. The poWer can be con 
trolled by omitting individual pulses, thereby reducing the 
poWer supplied to the load circuit and providing simple and 
inexpensive poWer control. An additional DC-link voltage 
circuit is not required. 

In another general aspect, an excitation system of an induc 
tion heater, in particular, of an induction oven for an airplane, 
heats food, Water, or both food and Water. The excitation 
system includes a voltage supply connector for receiving a 
mains AC voltage from a voltage supply, and at least an 
excitation unit that is connected to the voltage supply con 
nector. The excitation unit includes a recti?er for rectifying 
the mains AC voltage, and a load circuit having an inductor 
that is excited With a load circuit AC voltage generated in the 
excitation unit. The excitation unit also includes an AC volt 
age generator for generating an amplitude-modulated load 
circuit AC voltage through amplitude modulation of an AC 
voltage signal With the frequency of the mains AC voltage. 
The AC voltage signal, having a frequency that may be pre 
determined, is generated from a recti?ed voltage output from 
the recti?er. 

Implementations can include one or more of the folloWing 
features. The voltage supply may be a multi-phase supply 
including such that the voltage supply connector includes one 
conductor for each phase and a neutral conductor. The exci 
tation unit can be connected to a phase, that is, a conductor of 
a phase, and a neutral connection, that is, the neutral conduc 
tor, or to tWo phases. 

With an excitation system of this type, a substantially 
unsmoothed recti?ed voltage is present at the output of the 
recti?er and at the input of the AC voltage generator. The 
amplitude modulation ensures that the voltage supply is 
loaded only With a current With feW harmonics. 

The AC voltage generator can be designed as inverter, and 
the sWitching or striking times of the sWitching elements of 
the inverter can be adjusted by a control associated With the 
AC voltage generator. Because a control is provided to con 
trol the inverter, the frequency of the generated AC voltage 
signal can be almost arbitrarily adjusted. Moreover, the 
inverter can be controlled to omit individual pulses for driving 
the load circuit, such that a smaller poWer can be supplied into 
the load circuit. An excitation system of this type permits, in 
particular, control of the poWer using frequency variation. 
PoWer control is simpli?ed With a minimum number of com 
ponents, thus reducing the price and Weight of the excitation 
system. Further methods for controlling the poWer, such as 
pulse-Width modulation or phase shift are feasible. 

The excitation system may include a ?lter element betWeen 
the inverter and the AC voltage generator to ?lter current and 
voltage portions With the frequency of the AC voltage gen 
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4 
erator. Current portions of this frequency are not returned to 
the voltage supply. This ensures that standards for limiting 
disturbing voltages at the voltage supply can be observed. It is 
thus advantageous if the frequency of the AC voltage signal 
generated by the AC voltage generator is considerably higher 
than the frequency of the voltage supply. In this case, simple 
and small ?lters can be used to attenuate current and voltage 
portions With these frequencies. 
The ?lter element may include a smoothing capacitor hav 

ing a capacitance that is smaller than the capacitance of the 
load circuit. The smoothing capacitor capacitance may be 
smaller than the load circuit capacitance by a factor of ten, 
seven, or ?ve. This smoothing capacitor ?lters the frequency 
of the AC voltage generator and ensures that the current of this 
frequency is draWn from the voltage supply only in negligibly 
small portions. Because the smoothing capacitor has a loWer 
capacitance, the recti?ed mains voltage is not as greatly in?u 
enced. And because the currents for charging the smoothing 
capacitor are small, the harmonic Wave portion of the current 
from the voltage supply remains beloW limit values predeter 
mined by standards. The capacitance of the load circuit may 
be 100 nF. 
The load circuit can be designed as series oscillating circuit 

With at least one capacitor and at least one inductor. The 
poWer in the series oscillating circuit can be controlled 
through frequency variation, that is, the poWer fed into the 
series oscillating circuit can be easily adjusted by varying the 
frequency of the AC voltage signal. 

If the excitation system includes several excitation units, 
tWo excitation units can be provided for heating food and one 
excitation unit can be provided for heating Water. In this Way, 
integration of the excitation system into existing systems for 
heating food and Water in airplanes is particularly facilitated. 
Moreover, one or more of the excitation units can be sWitched 
on and off, permitting separate control of food and Water 
heating. Thus, expensive sWitches in the load circuit or 
betWeen the AC voltage generator and the load circuit are not 
required. 
The excitation system may include an excitation unit for 

each phase. The excitation system may include a central 
auxiliary voltage generating unit. The central auxiliary volt 
age generating unit may be connected to at least one phase of 
the voltage supply and includes an active PFC member. The 
central auxiliary voltage generating unit may be connected to 
each phase of the voltage supply. 
The excitation system may also include a central control. 

The central control may include a digital programmable logic 
module. The central control may receive a voltage or a current 
measured at an intermediate circuit Within the excitation sys 
tem. The excitation system may also include a measuring 
device that measures the voltage or the current at the inter 
mediate circuit and transmits the measured voltage or current 
to the central control. The excitation system may include a 
galvanic separation provided betWeen the measuring device 
and the central control. The measuring device may include 
operational ampli?ers having differential inputs. 
The current values of the load circuit may be transmitted to 

the central control. The excitation system may include a mea 
suring device that measures the voltage or the current of the 
load circuit and transmits the measured voltage or current to 
the central control. The excitation system may include a gal 
vanic separation provided betWeen the measuring device and 
the central control. The measuring device may include opera 
tional ampli?ers having differential inputs. 

Because a central auxiliary voltage generating unit is used 
for all of the phases instead of a voltage generating unit for 
each phase, costs are reduced and overall Weight of the exci 
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tation system is reduced. Moreover, use of the central control 
to drive and/or control the excitation units and AC voltage 
generators saves costs and reduces Weight of the excitation 
system. 

In another general aspect, an induction heater is used on an 
airplane in an induction oven for heating food, Water, or both 
food and Water. The induction heater includes a voltage sup 
ply connector and at least one excitation unit connected to the 
voltage supply connector. The voltage supply connector 
receives a mains AC voltage from a voltage supply that has at 
least one phase. The at least one excitation unit includes a 
recti?er for rectifying the mains AC voltage, a load circuit, 
and an AC voltage generator. The load circuit includes an 
inductor that is excited by a load circuit AC voltage generated 
in the excitation unit. The AC voltage generator generates an 
amplitude-modulated load circuit AC voltage through ampli 
tude modulation of anAC voltage signal With the frequency of 
the mains AC voltage. The AC voltage signal has a frequency 
that is predetermined and is generated from a recti?ed voltage 
output from the recti?er. 

The induction heater can include several excitation sys 
tems that are connected to a multi-phase voltage supply. 
Some of the excitation units can include a ?rst load circuit for 
heating food, While some of the excitation units can include a 
second load circuit for heating Water. Each phase of the volt 
age supply can be connected to approximately the same num 
ber of ?rst and second load circuits. In this Way, the phases of 
the voltage supply are uniformly loaded. 

In particular, heating of food generally requires more 
poWer than heating Water. Moreover, the load circuits for 
heating food are generally operated for a longer time than the 
load circuits for heating Water. If load circuits exclusively 
used for heating food Were connected to one phase of the 
voltage supply, and load circuits exclusively used for heating 
Water Were connected to another phase of the voltage supply, 
the voltage supply Would be loaded non-uniformly. Non 
uniform loading of the voltage supply can be prevented by 
connecting several excitation units to the individual phases. 
The load on the phases of the voltage supply can therefore be 
balanced through averaging over several consumers. 

Other features Will be apparent from the description, the 
draWings, and the claims 

DESCRIPTION OF DRAWINGS 

FIG. 1 shoWs a schematic vieW of an excitation system; 
FIG. 2a shoWs a Waveform of a mains voltage; 
FIG. 2b shoWs a Waveform of a recti?ed voltage; 
FIG. 2c shoWs a Waveform of an amplitude-modulated load 

circuit AC voltage; 
FIG. 3 shoWs an excitation system having an auxiliary 

voltage generating unit; 
FIG. 4 shoWs an excitation system having a central control; 
FIG. 5 shoWs an excitation system of a prior design. 
Like reference symbols in the various draWings may indi 

cate like elements. 

DETAILED DESCRIPTION 

Referring to FIG. 1, an excitation system 100 is used for 
induction ovens in airplanes for heating nourishment such as 
food, Water, or both food and Water. The excitation system 
100 includes a mains voltage supply connector 101 through 
Which the system 100 is connected to a voltage supply having 
phases P1, P2, P3 and a neutral connection N. The mains 
voltage supply connector 101 can be designed as plug con 
tact. As shoWn, the system 100 includes recti?ers 111, 121, 
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6 
131 that are each connected to a phase P1, P2, P3, respec 
tively, and to the neutral conductor N. The recti?ers 1 01, 121, 
131 are therefore supplied With a mains AC voltage U1 having 
a mains frequency. The Waveform of the AC voltage U1 is 
shoWn in FIG. 2a. 
The recti?ers 111, 121, 131 generate a recti?ed voltage U2 

from the mains AC voltage U1. The Waveform of the recti?ed 
voltage U2 is shoWn in FIG. 2b. As shoWn, the AC voltage U1 
is only minimally smoothed during recti?cation. The system 
100 includes AC voltage generators 117, 127, 137 that are 
designed as inverters and are connected doWnstream of the 
recti?ers 111, 121, 131. The AC voltage generators 117, 127, 
137 generate an AC voltage signal With a predetermined 
frequency from the recti?ed voltage U2, thus producing a 
load circuit AC voltage U3. The Waveform of the load circuit 
AC voltage U3 is shoWn in FIG. 2c. The load circuit AC 
voltage U3 is an oscillation With the predetermined frequency 
that pulsates With the frequency of the unsmoothed but recti 
?ed AC voltage on the mains side. The load circuit AC voltage 
U3 corresponds therefore to the AC voltage signal With the 
predetermined frequency as carrier signal and is amplitude 
modulated With the frequency of the mains AC voltage U1. 
The mains voltage supply is therefore substantially loaded 
With the fundamental oscillation of the mains Which means 
that the current is sinusoidal and hardly has any harmonic 
Wave portions. 

The system 100 includes load circuits 119, 129, 139 that 
are excited With the amplitude-modulated load circuit AC 
voltage U3. The load circuits 119, 129, 139 are designed as 
series oscillating circuits and they each have a capacitor 118, 
128, 138 and an inductor 115, 125, 135, respectively. The 
inductors 115, 125, 135 are provided for heating the food, the 
Water, or both. The inductors 115, 125, 135 can be located 
remotely from the rest of the excitation system 100. The 
inductors 115, 125, 135 may be connected to the rest of the 
excitation system 100 using cables. In one implementation, 
the connection betWeen the inductors 115, 125, 135 and the 
rest of the excitation system 100 is a plug contact to facilitate 
assembly and disassembly. 
The system 100 also includes controls 120, 130, 140 asso 

ciated With, respectively, the AC voltage generators 117, 127, 
137. The controls 120, 130, 140 control the poWer fed into the 
load circuits 119, 129, 139 by adjusting the frequency of the 
AC voltage signal. Moreover, the system 100 may also 
include ?lter elements 116, 126, 136 betWeen the recti?ers 
111, 121, 131 and the AC voltage generators 117, 127, 137, 
respectively. The ?lter elements 116, 126, 136 attenuate har 
monics in the direction of the voltage supply netWork. 
The excitation system 100 includes three excitation units, 

one for each phase. The ?rst excitation unit includes the 
recti?er 111, the ?lter 116, the AC voltage generator 117, and 
the load circuit 119. The second excitation unit includes the 
recti?er 121, the ?lter 126, the AC voltage generator 127, and 
the load circuit 129. The third excitation unit includes the 
recti?er 131, the ?lter 136, the AC voltage generator 137, and 
the load circuit 139. 
A separate excitation unit may be provided for each phase 

of a multi-phase voltage supply 101. In such a design, the 
number of inductors 115, 125, 135 can correspond to integer 
multiples of the number of phases of the voltage supply 101. 
In induction heating systems in airplanes, such a design is 
feasible. 

Referring to FIG. 3, an excitation system 300 is shoWn that 
is similar in some Ways to the excitation system 100 of FIG. 
1. The system 300 includes a supplemental central auxiliary 
voltage generating unit 150 that couples to each excitation 
unit. In another design, the system 300 may include a gener 
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ating unit 150 for each excitation unit. In any case, the gen 
erating unit 150 generates three auxiliary voltages 112, 122, 
132 that are smoothed DC voltages that feed into and supply, 
respectively, the controls 120, 130, 140 and the AC voltage 
generators 117, 127, 137. The auxiliary voltages 112, 122, 
132 may be galvanically separated for example, using opto 
couplers With voltage-controlled oscillators (V COs). The 
generating unit 150 is connected to each phase of the mains 
voltage supply that feeds into the connector 101, such that for 
a voltage supply having a single phase P3, the unit 150 con 
nects to the single phase P3 and N, and for a voltage supply 
having three phases P1, P2, P3, the unit 150 connects to each 
phase P1, P2, P3 and N. The generating unit may include an 
active PFC member. 

Referring to FIG. 4, an excitation system 400 is shoWn that 
is similar in some Ways to the excitation systems 100 and 300 
of, respectively, FIGS. 1 and 3. The excitation system 400 
also includes a central control 152 that drives and/ or controls 
the excitation units, and in particular, the AC voltage genera 
tors 117, 127, 137. The generating unit 150 supplies the 
central control 152 With an auxiliary voltage 151. The central 
control 152 controls the AC voltage generators 117, 127, 137 
through, respectively, control cables 113, 123, 133. The cen 
tral control may include one or more of a microcontroller, a 
digital signal processor, or a digital programmable logic mod 
ule. 

While not shoWn in FIG. 4, the AC voltage generators 117, 
127, 137 may also be supplied With, respectively, the auxil 
iary voltages 112, 122, 132, as shoWn in FIG. 3. Auxiliary 
voltages are used, for example, to supply the driver circuits in 
the AC voltage generators 117, 127, 137. 

The central control 152 may receive intermediate circuit 
voltages 211, 221, 231 that are measured on each phase at the 
neutral line feeding, respectively, the AC voltage generators 
117, 127, 137. Additionally, the central control 152 may 
receive intermediate circuit voltages 212, 222, 232 that are 
measured across each phase feeding, respectively, the AC 
voltage generators 117, 127, 137. Lastly, the central control 
152 may receive intermediate circuit voltages 213, 223, 233 
that are measured at, respectively, the inductors 115, 125, 135 
of the load circuits 119, 129, 139. The intermediate circuit 
voltages may be measured using any suitable measuring 
device, and the intermediate circuit voltages can be galvani 
cally separated from each other using, for example, operation 
ampli?ers With differential inputs. Moreover, the measuring 
device and the central control can be galvanically separated 
using any suitable barrier. Intermediate circuit voltages can 
be, for example DC link voltages. 

In this Way, a feedback system can be formed in Which 
poWer to the load circuit 119, 129 139 is determined based on 
the measured voltages 213, 223, 233, and this poWer is aver 
aged over at least one period of the frequency of the mains AC 
voltage. The central control 152 compares the average poWer 
to a predetermined nominal poWer, and adjusts the AC voltage 
generators 117, 127, 137 (through, respectively, the control 
cables 113, 123, 133) so that a poWer applied to the load 
circuits 119, 129, 139 and measured through voltages 213, 
223, 233 matches the predetermined nominal poWer. The 
poWer to load circuit can be averaged over several periods, for 
example ?ve periods. Such a feedback system reduces har 
monic Waves in the excitation system. Moreover, if the feed 
back is made too fast in the feedback system, then the central 
control could respond to amplitude modulation and counter 
act, thus producing neW harmonic Wave. If this occurs, then 
the actual poWer supplied to the load circuit can be measured 
Without averaging, thus providing control With a control 
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8 
response time (reset time) that is greater than one period, for 
example, ?ve periods of the frequency of the mains AC volt 
age. 
An induction oven for induction heating can include sev 

eral excitation units. Moreover, the inductors 115, 125, 135 of 
the individual excitation units may be dimensioned differ 
ently. That is, if the inductors 115, 125 are provided for 
heating food and the inductor 135 is provided for heating 
Water, an induction oven With several excitation systems 100 
should have approximately the same number of inductors 
115, 125 and inductors 135 connected to each of the phases 
P1, P2, and P3. 
The frequency of the mains AC voltage U1 is in the audible 

range. Since this frequency also excites the inductor coil, 
noise may be produced in the food trays and inductors. This 
is, hoWever, not as important in airplanes since the turbines 
and ventilation noise far exceed these noises. Moreover, the 
noise is generated in a closed, insulated oven. For this reason, 
the excitation system 100 is particularly suited for use in 
airplanes. 

Other implementations are Within the scope of the folloW 
ing claims. 
What is claimed is: 
1. A method for heating food, beverage, or both in an 

airplane using induction heating, the method comprising: 
exciting at least one load circuit including an inductor With 

a load circuit AC voltage; 
generating the load circuit AC voltage from an AC voltage 

signal having a predetermined frequency by amplitude 
modulating the AC voltage signal With a frequency of a 
mains AC voltage from a voltage supply having multiple 
phases; and 

controlling the poWer supplied to the load circuit by in?u 
encing the frequency of the AC voltage signal. 

2. The method of claim 1, Wherein a frequency of the AC 
voltage signal is larger than the frequency of the mains AC 
voltage. 

3. The method of claim 1, further comprising rectifying the 
mains AC voltage, and generating the AC voltage signal in an 
inverter from the recti?ed mains voltage. 

4. The method of claim 1, further comprising controlling 
the poWer supplied to the load circuit by omitting individual 
pulses during generation of the AC voltage signal. 

5. The method of claim 1, further comprising: 
measuring an actual poWer supplied to the at least one load 

circuit; 
comparing the measured poWer to a predetermined nomi 

nal poWer; and 
adjusting the actual poWer supplied to the at least one load 

circuit until the actual poWer supplied to the at least one 
load circuit matches the predetermined nominal poWer. 

6. An excitation system of an induction heater for use on an 
airplane for heating food, beverage, or both, the system com 
prising: 

a voltage supply connector adapted for receiving a mains 
AC voltage from an aircraft voltage supply having mul 
tiple phases, and 

multiple excitation units connected to the voltage supply 
connector, each of Which excitation units provided for a 
respective phase of the multiple phases, each excitation 
unit comprising: 

a recti?er for rectifying a respective portion of the mains 
AC voltage, 

a load circuit With an inductor that is excited by a load 
circuit AC voltage generated in the excitation unit, and 

an AC voltage generator for generating an amplitude 
modulated load circuit AC voltage through amplitude 
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modulation of an AC voltage signal With the frequency 
of the mains AC voltage, Wherein the AC voltage signal 
has a frequency that is predetermined and is generated 
from a recti?ed voltage output from the recti?er. 

7. The excitation system of claim 6, further comprising a 
control associated With the AC voltage generator, Wherein the 
AC voltage generator is designed as inverter, and Wherein the 
control can be used to adjust sWitching or striking times of a 
sWitching element of the inverter. 

8. The excitation system of claim 6, further comprising a 
?lter element betWeen the recti?er and the AC voltage gen 
erator. 

9. The excitation system of claim 8, Wherein the ?lter 
element includes a smoothing capacitor With a capacitance 
that is smaller than the capacitance of the load circuit. 

10. The excitation system of claim 9, Wherein the smooth 
ing capacitor capacitance is smaller than the load circuit 
capacitance by a factor of ten. 

11. The excitation system of claim 9, Wherein the smooth 
ing capacitor capacitance is smaller than the load circuit 
capacitance by a factor of seven. 

12. The excitation system of claim 9, Wherein the smooth 
ing capacitor capacitance is smaller than the load circuit 
capacitance by a factor of ?ve. 

13. The excitation system of claim 6, Wherein the load 
circuit is a series oscillating circuit having at least one capaci 
tor and at least one inductor. 

14. The excitation system of claim 6, Wherein the voltage 
supply connector comprises a connector for each of several 
phases of the voltage supply, and one excitation unit is con 
nected to one phase and one neutral connection (N), or to tWo 
phases. 

15. The excitation system of claim 6, Wherein one or more 
of the excitation units can be sWitched on and off. 

16. The excitation system of claim 6, further comprising a 
central auxiliary voltage generating unit. 

17. The excitation system of claim 16, Wherein the central 
auxiliary voltage generating unit is connected to at least one 
phase of the voltage supply and includes an active PFC mem 
ber. 

18. The excitation system of claim 16, Wherein the central 
auxiliary voltage generating unit is connected to each phase 
of the voltage supply. 

19. The excitation system of claim 6, further comprising a 
central control. 

20. The excitation system of claim 19, Wherein the central 
control comprises a digital programmable logic module. 

21. The excitation system of claim 19, Wherein the central 
control receives a voltage or a current measured at an inter 
mediate circuit Within the excitation system. 

22. The excitation system of claim 21, further comprising 
a measuring device that measures the voltage or the current at 
the intermediate circuit and transmits the measured voltage or 
current to the central control. 

23. The excitation system of claim 22, further comprising 
a galvanic separation provided betWeen the measuring device 
and the central control. 

24. The excitation system of claim 22, Wherein the mea 
suring device comprises operational ampli?ers having differ 
ential inputs. 

25. The excitation system of claim 19, Wherein current 
values of the load circuit are transmitted to the central control. 

26. The excitation system of claim 25, further comprising 
a measuring device that measures the voltage or the current of 
the load circuit and transmits the measured voltage or current 
to the central control. 
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27. The excitation system of claim 25, further comprising 

a galvanic separation provided betWeen the measuring device 
and the central control. 

28. The excitation system of claim 25, Wherein the mea 
suring device comprises operational ampli?ers having differ 
ential inputs. 

29. An induction heater for use on an airplane, the induc 
tion heater comprising: 

a voltage supply connector adapted for receiving an aircraft 
voltage supply having at least tWo phases and supplying 
a mains AC voltage; and 

at least one excitation unit provided for each phase of the 
aircraft voltage supply and connected to the voltage 
supply connector, each excitation unit comprising: 
a recti?er for rectifying a respective portion of the mains 
AC voltage, 

a load circuit With an inductor that is excited by a load 
circuit AC voltage generated in the excitation unit, 
an AC voltage generator for generating an amplitude 

modulated load circuit AC voltage through amplitude 
modulation of an AC voltage signal With the fre 
quency of the mains AC voltage, and 

a ?lter element for attenuating harmonics generated 
Within the excitation unit to mitigate deleterious 
effects on the aircraft voltage supply, 

Wherein the AC voltage signal has a frequency that is 
predetermined and is generated from a recti?ed voltage 
output from the recti?er. 

30. The induction heater of claim 29, Wherein one or more 
of the at least one excitation units comprise a ?rst load circuit 
con?gured for heating food. 

31. The induction heater of claim 30, Wherein one or more 
of the at least one excitation units comprise a second load 
circuit con?gured for heating beverage. 

32. The induction heater of claim 31, Wherein the same 
number of ?rst and second load circuits is connected to each 
phase of the voltage supply. 

33. A method for heating food, beverage, or both in air 
planes using induction heating, the method comprising: 

exciting at least one load circuit including an inductor With 
a load circuit AC voltage; 

generating the load circuit AC voltage from an AC voltage 
signal having a predetermined frequency by amplitude 
modulating the AC voltage signal With a frequency of a 
mains AC voltage from a voltage supply having multiple 
phases; and 

controlling the poWer supplied to the load circuit by omit 
ting individual pulses during generation of the AC volt 
age signal. 

34. The method of claim 33, Wherein a frequency of the AC 
voltage signal is larger than the frequency of the mains AC 
voltage. 

35. The method of claim 33, further comprising rectifying 
the mains AC voltage, and generating the AC voltage signal in 
an inverter from the recti?ed mains AC voltage. 

36. A method for heating food, beverage, or both in an 
airplane using induction heating, the method comprising: 

exciting at least one load circuit including an inductor With 
a load circuit AC voltage; 

generating the load circuit AC voltage from an AC voltage 
signal having a predetermined frequency higher than a 
frequency of an airplane mains AC voltage by ampli 
tude-modulating the AC voltage signal With the fre 
quency of the airplane mains AC voltage; and 

attenuating harmonics of the load circuit AC voltage from 
reaching an airplane mains AC voltage supply by ?lter 
ing the harmonics With a ?lter element. 
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37. The method of claim 36 wherein the ?lter element 
further comprises a smoothing capacitor having a capacitance 
that is smaller than a capacitance of the at least one load 
circuit. 

38. The method of claim 37 Wherein the smoothing capaci 
tor is at least ?ve times smaller than the capacitance of the at 
least one load circuit. 

39. The method of claim 36 further comprising controlling 
the poWer supplied to the load circuit by in?uencing the 
frequency of the AC voltage signal. 
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40. The method of claim 36, further comprising rectifying 

the airplane mains AC voltage, and generating the AC voltage 
signal in an inverter from the recti?ed airplane mains voltage. 

41. The method of claim 36, further comprising controlling 
the poWer supplied to the load circuit by omitting individual 
pulses during generation of the AC voltage signal. 


