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Description
Field of the Invention

[0001] The presentinvention relates to controlled gra-
dient induction heating of a workpiece.

Background of the Invention

[0002] It is advantageous to heat certain workpieces
to a temperature gradient along a dimension of the work-
piece. For example a cylindrical aluminum workpiece, or
billet, that undergoes an extrusion process is generally
heated to a higher temperature throughout its cross sec-
tion at the end of the billet that is first drawn through the
extruder than the cross section at the opposing end of
the billet. This is done since the extrusion process itself
is exothermic and heats the billet as it passes through
the extruder. If the billet was uniformly heated through
its cross section along its entire longitudinal axis, the op-
posing end of the billet would be overheated prior to ex-
trusion and experience sufficient heat deformation to
make extrusion impossible.

[0003] One method of achieving gradient induction
heating of an electrically conductive billet, such as an
aluminum alloy billet along its longitudinal axis, is to sur-
round the billet with discrete sequential solenoidal induc-
tion coils. Each coil is connected to an current source at
supply line frequency (i.e. 50 or 60 Hertz). Current flowing
through each solenoidal coil establishes a longitudinal
flux field around the coil that penetrates the billet and
inductively heats it. In order to achieve gradient heating
along the billet’s longitudinal axis, each coil in sequence
from one end of the billet to the other generally supplies
a smaller magnitude of current (power) to the coil. Silicon
controlled rectifiers may be used in series with the induc-
tion coil to achieve adjustable currents in the sequence
of coils.

[0004] Useof supply line frequency makes for a simple
current source but limits the range of billet sizes that can
be commercially heated in such an arrangement. Pene-
tration depth (in meters) of the induction current is defined
by the equation, 503(p/wF)"2, where p is the electrical
resistively of the billet in Q'm.; w is the relative (dimen-
sionless) magnetic permeability of the billet; and F is the
frequency of the applied field. The magnetic permeability
of a non-magnetic billet, such as aluminum, is 1. Alumi-
num at500°C has an electricalresistivity of 0.087 pQ-me-
ter. Therefore from the equation, with F equal to 60 Hertz,
the penetration depth can be calculated as approximately
19.2 mm, or approximately 0.8-inch. Induction heating of
abilletis practically accomplished by a "soaking" process
rather than attempting to inductively heat the entire cross
section of the billet at once. That is the induced field pen-
etrates a portion of the cross section of the billet, and the
induced heat is allowed to radiate (soak) into the center
of the billet. Typically an induced field penetration depth
of one-fifth of the cross sectional radius of the billet is
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recognized as an efficient penetration depth. Therefore
an aluminum billet with a radius of 4 inches (102 mm)
results in the optimal penetration depth of 0.8-inch (19.2
mm) with 60 Hertz current. Consequently the range of
billet sizes that can be efficiently heated by induction with
a single frequency is limited.

[0005] DE-A-3710085 (Asea Brown Boveri) discloses
an apparatus for inductively heating workpieces in which
an inverter for each of a number of inductors is connected
by a respective smoothing choke to the output of a rec-
tifier and each inverter is controlled independently of the
others by an associated load oscillating circuit.

[0006] WO-A-00/28787 (Inductotherm) discloses a
multi-section induction coil surrounding a susceptor.
Power is provided to each of the sections of the coil from
a single power source via a switching circuit.

[0007] One objective of the present invention is to pro-
vide an apparatus and a method of gradient inductive
heating of a billet with a frequency of current that can
easily be changed for varying sizes of workpieces.

Brief Summary of the Invention

[0008] The present invention provides an apparatus
as set outin claim 1 and a method as set out in claim 7.
[0009] Other aspects of the invention are set forth in
the dependent claims.

Brief Description of the Drawings

[0010] Thefigures, in conjunction with the specification
and claims, illustrate one or more non-limiting modes of
practising the invention. The invention is not limited to
the illustrated layout and content of the drawings.
[0011] FIG. 1 is a simplified schematic illustrating one
example of the gradient induction heating or melting ap-
paratus of the present invention.

[0012] FIG. 2 is a simplified schematic illustrating one
of the plurality of power supplies used in the gradient
induction heating or melting apparatus of the present in-
vention.

[0013] FIG. 3 is a graph illustrating typical results in
load coil currents for variations in inverter output voltages
for one example of the gradient induction heating or melt-
ing apparatus of the present invention.

Detailed Description of the Invention

[0014] There is shown in FIG. 1 one example of the
gradient induction heating apparatus 10 of the present
invention. The workpiece in this particular non-limiting
example, is billet 12. The dimensions of the billet in FIG.
1 are exaggerated to show sequential induction coils 14a
to 14f around the workpiece. The workpiece may be any
type of electrically conductive workpiece that requires
gradient heating along one of its dimensions, but for con-
venience, in this specific example, the workpiece will be
referred to as a billet and gradient heating will be
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achieved along the longitudinal axis of the billet. In other
examples of the invention, the workpiece may be an elec-
trically conductive material placed within a crucible, or a
susceptor that is heated to transfer heat to another ma-
terial. In these examples of the invention, the induction
coils are disposed around the crucible or susceptor to
provide gradient heating of the material placed in the cru-
cible or the susceptor.

[0015] Induction coils 14a to 14f are shown diagram-
matically in FIG. 1. Practically the coils will be tightly
wound solenoidal coils and adjacent to each other with
separation as required to prevent shorting between coils,
which may be accomplished by placing a dielectric ma-
terial between the coils. Other coil configurations are con-
templated within the scope of the invention.

[0016] Pulse width modulated (PWM) power supplies
16ato 16f can supply differentrms value currents (power)
to induction coils 14a to 14f, respectively. Each power
supply may include a rectifier/inverter power supply with
a low pass filter capacitor (Cg) connected across the out-
put of rectifier 60 and a tuning capacitor (Cyg) connected
across the input of inverter 62 as shown in FIG. 2, and
asdisclosed in U.S. Patent No. 6,696,770 titled Induction
Heating or Melting Power Supply Utilizing a Tuning Ca-
pacitor. In FIG. 2, L4 is an optional line filter and L, is
a current limiting reactor. The output of each power sup-
ply is a pulse width modulated voltage to each of the
induction coils.

[0017] FIG. 2 further illustrates the details of a typical
power supply wherein the non-limiting power source
(designated lines A, B and C) to each power supply is
400 volts, 30 Hertz. Inverter 62 comprises a full bridge
inverter utilizing IGBT switching devices. In other exam-
ples of the invention the inverter may be otherwise con-
figured such as aresonantinverter or an inverter utilizing
other types of switching devices. Microcontroller MC pro-
vides a means for control and indication functions for the
power supply. Mostrelevant to the present invention, the
microcontroller controls the gating circuits for the four
IGBT switching devices in the bridge circuit. In this non-
limiting example of the invention the gating circuits are
represented by afield programmable gate array (FPGA),
and gating sighals can be supplied to the gates G1
through G4 by a fiber optic link (indicated by dashed lines
61 in FIG. 2). The induction coil connected to the output
of power supply shown in FIG. 2 is represented as load
€0l Lgaq- Coil Ligaq represents one of the induction coils
14a through 14f in FIG. 1. The resistive element, R, in
FIG. 2 represents the resistive impedance of heated billet
12 that is inserted in the billet, as shown in FIG. 1.
[0018] In operation the inverter’s pulse width modulat-
ed output of each power supply 16a through 16f can be
varied in duration, phase and/or magnitude to achieve
the required degree of gradient induction heating of the
billet. FIG. 3 is a typical graphical illustration of variations
in the voltage outputs (V4, V5 and V3) from the power
supplies for three adjacent induction coils that result in
load coil currents Iy, I, and I3, respectively. Desired heat-
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ing profiles can be incorporated into one or more com-
puter programs that are executed by a master computer
communicating with the microcontroller in each of the
power supplies. The induction coils have mutual induct-
ance; to prevent low frequency beat oscillations all coils
should operate at substantially the same frequency. In
utilizing the flexibility provided by the use of inverters with
pulse width modulated outputs, all inverters are synchro-
nized. That is, the output frequency and phase of all in-
verters are, in general, synchronized.

[0019] While energy flows from the output of each in-
verter to its associated induction coil two diagonally dis-
posed switching devices (e.g., §4 and $5, or S, and §,
in FIG. 2) are conducting and voltage is applied across
the load coil. Atother times the coil is shorted and current
is flowing via one switching device and an antiparallel
diode (e.g., $4 and Dy; S5 and Dy; S3 and Dy; or §4and
D5 in FIG. 2. This minimizes pickup of energy from adja-
cent coils.

[0020] Referring back to FIG. 1, synchronous control
of the power outputs of the plurality of power supplies is
used to minimize circuit interference between adjacent
coils. Serial control loop 40 represents a non-limiting
means for synchronous control of the power outputs of
the plurality of power supplies. In this non-limiting exam-
ple of the invention serial control loop 40 may comprise
a fiber optic cable link (FOL) that serially connects all of
the power supplies. Control input (CONTROL INPUT in
FIG. 1) of the control link to each power supply may be
a fiber optic receiver (FOR) and control output (CON-
TROL OUTPUT in FIG. 1) of the control link from each
power supply may be afiber optic transmitter (FOT). One
of the controllers of the plurality of power supplies, for
example the controls of power supply 16a is program-
mably selected as the master controller. The CONTROL
OUTPUT of the master controller of power supply 16a
outputs a normal synchronization pulse 20 to the CON-
TROL INPUT of the slave controller of power supply 16f.
If slave controller of power supply 16f is in a normal op-
erating state, it passes the normal synchronization pulse
to the slave controller of power supply 16e, and so on,
until the normal synchronization pulse is returned to the
CONTROL INPUT of the master controller of power sup-
ply 16a. In addition each controller generates an inde-
pendent pulse width modulated ac output power for each
inverter in the plurality of power supplies. In the event of
an abnormal condition in any one of the power supplies,
the effected controller can output an abnormal operating
pulse to the controller of the next power supply. For ex-
ample while a normal synchronization pulse may be on
the order of 2 microseconds, an abnormal operating
pulse may be on the order of 50 microseconds. Abnormal
operating pulses are processed by the upstream control-
lers of power supplies to shutdown or modify the induction
heating process. Generally the time delay in the round
trip transmission of the synchronization pulse from and
tothe master controlleris negligible. In the event of failure
of one of the controllers, a synchronizing signal will not



5 EP 1 729 542 B1 6

return to the master controller, which will result in the
execution of an abnormal condition routine, such as stop-
ping subsequent normal synchronization pulse genera-
tion.

[0021] In the above non-limiting example of the inven-
tion six power supplies and induction coils are used. In
other examples of the invention other quantities of power
supplies and coils may be used without deviating from
the scope of the invention.

[0022] The examples of the invention include refer-
ence to specific electrical components. One skilled in the
art may practise the invention by substituting compo-
nents that are not necessarily of the same type but will
create the desired conditions or accomplish the desired
results of the invention. For example, single components
may be substituted for multiple components orvice versa.
[0023] The foregoing examples do not limit the scope
of the invention. The scope of the invention is set forth
in the appended claims.

Claims

1. Apparatus for gradient induction heating or melting
of a workpiece (12), the apparatus comprising:

a plurality ofinduction coils (14a-14f) for sequen-
tial disposition around the workpiece; and

a power supply (16a-16f) for each of the plurality
of induction coils, each of the power supplies
including an inverter (INV) having an ac output
connected to a respective one of the plurality of
induction coils;

characterised in that:

a control line (40) is connected between the
power supplies;

the ac output of the inverter of each of the
power supplies has pulse width modulation
control; and

the control line synchronously controls the
pulse width modulated ac output of the in-
verter of each, of the power supplies.

2. An apparatus according to claim 1, wherein the in-
verter of each of the power supplies comprises at
least four solid state switching devices (S4, S,, Sg,
S,) and a controlled (MC) associated with each in-
verter controls the inverters’s solid state switching
devices.

3. An apparatus according to claim 1 or 2, wherein at
leastone of the inverters has a tuning capacitor (C1g)
across the input of the inverter.

4. An apparatus according to any preceding claim,
wherein the plurality of induction coils are tightly
wound solenoid induction coils disposed adjacent to
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each other with dielectric separation to preventshort-
ing between adjacent coils.

5. An apparatus according to any preceding claim,
wherein the workpiece comprises electrically con-
ductive material placed within a crucible.

6. An apparatus according to any of claims 1 to 4,
wherein the workpiece comprises a susceptor.

7. A method of gradiently heating or melting a work-
piece (12) by induction, comprising the steps of:

supplying ac power from a respective inverter
(INV) to each one of a plurality of induction coils
(14a-14f) disposed around and along the length
of the workpiece;

inducing a separate magnetic field around each
one of the plurality of induction coils;
characterised by:

pulse width modulating the ac power from
each of the separate inverters to each of the
plurality of induction coils; and

varying the pulse width modulation of the
ac power from each of the separate invert-
ers.

8. A method according to claim 7, including the step of
inserting a tuning capacitor (Cyg) across the input of
at least one of the separate inverters.

9. A method according to claim 7 or 8, including the
step of synchronizing the pulse width modulation of
the ac power from each of the inverters.

10. A method according to claim 9, including the step of
transmitting a control signal serially between the in-
verters to synchronize the pulse width modulation of
the ac power from each of the separate inverters.

11. A method according to claim 10, wherein the control
sighal comprises a master control sighal generated
in one of the inverters for serial transmission to the
remaining plurality of inverters.

12. A method according to claim 11, wherein one of the
inverters generates an abnormal control signal seri-
ally to the one of the inverters in which the master
control signal is generated.

Patentanspriiche
1. Vorrichtung zum schrittweisen Induktionserhitzen

oder -schmelzen eines Werkstiickes (12), wobei die
Vorrichtung Folgendes umfasst:
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eine Vielzahlvon Induktionsspulen (14a-14f) zur
sequentiellen Anordnung um das Werkstick;
und

eine Stromversorgung (16a-16f) fur jede der
Vielzahl von Induktionsspulen, wobei jede der
Stromversorgungen einen Wechselrichter (INV)
umfasst, der einen Wechselstromausgang auf-
weist, der mit einer jeweiligen einen der Vielzahl
von Induktionsspulen verbunden ist;

dadurch gekennzeichnet, dass:

eine Steuerleitung (40) zwischen den
Stromversorgungen angeschlossen ist;
der Wechselstromausgang des Wechsel-
richters von jeder der Stromversorgungen
eine Pulsbreitenmodulationssteuerung auf-
weist; und

die Steuerleitung den pulsbreitenmodulier-
ten Wechselstromausgang des Wechsel-
richters von jeder der Stromversorgungen
synchron steuert.

Vorrichtung nach Anspruch 1, wobei der Wechsel-
richter von jeder der Stromversorgungen mindes-
tens vier Festkdrperschaltvorrichtungen (S4, Sy, S,
S,) umfasst und wobei eine Steuerung (MC), die je-
dem Wechselrichter zugeordnet ist, die Festkdrper-
schaltvorrichtungen des Wechselrichters steuert.

Vorrichtung nach Anspruch 1 oder 2, wobei mindes-
tens einer der Wechselrichter einen Abstimmkon-
densator (Cyg) am Eingang des Wechselrichters
aufweist.

Vorrichtung nach einem der vorhergehenden An-
spriche, wobei die Vielzahl von Induktionsspulen
eng gewickelte Magnetinduktionsspulen sind, die
benachbart zueinander mit einer dielektrischen
Trennung angeordnet sind, um einen Kurzschluss
zwischen benachbarten Spulen zu verhindern.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei das Werkstick elektrisch leitfahiges
Material umfasst, das in einem Tiegel angeordnet
wird.

Vorrichtung nach einem der Anspriiche 1 bis 4, wo-
bei das Werkstiick einen Suszeptor umfasst.

Verfahren zum schrittweisen Erhitzen oder Schmel-
zen eines Werkstlckes (12) durch Induktion, wobei
das Verfahren folgende Schritte umfasst:

Anlegen eines Wechselstroms von einem jewei-
ligen Wechselrichter (INV) an jede von einer
Vielzahlvon Induktionsspulen (14a-14f), die um
und entlang der Léange des Werkstlicks ange-
ordnet sind;
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10.

1.

12.

Induzieren eines separaten Magnetfelds um je-
de der Vielzahl von Induktionsspulen;
gekennzeichnet durch:

Pulsbreitenmodulation des Wechselstroms
von jedem der separaten Wechselrichter zu
jeder der Vielzahl von Induktionsspulen;
und

Variieren der Pulsbreitenmodulation des
Wechselstroms von jedem der separaten
Wechselrichter.

Verfahren nach Anspruch 7, das den Schritt des Ein-
fugens eines Abstimmkondensators (Cyg) am Ein-
gang von mindestens einem der separaten Wech-
selrichter umfasst.

Verfahren nach Anspruch 7 oder 8, das den Schritt
des Synchronisierens der Pulsbreitenmodulation
desWechselstroms von jedem der separaten Wech-
selrichter umfasst.

Verfahren nach Anspruch 9, das den Schritt des se-
riellen Ubertragens eines Steuersignals zwischen
den Wechselrichtern umfasst, um die Pulsbreiten-
modulation des Wechselstroms von jedem der se-
paraten Wechselrichter zu synchronisieren.

Verfahren nach Anspruch 10, wobei das Steuersig-
nal ein Hauptsteuersignal umfasst, das in einem der
Wechselrichter fiir die serielle Ubertragung zu der
verbleibenden Vielzahl von Wechselrichtern erzeugt
wird.

Verfahren nach Anspruch 11, wobei einer der Wech-
selrichter ein abnormales Steuersignal fiir denjeni-
gen Wechselrichter seriell erzeugt, in dem das
Hauptsteuersignal erzeugt wird.

Revendications

1.

Un appareil destiné au chauffage ou a la fusion par
induction a gradient d’'une piéce a usiner (12), I'ap-
pareil comprenant :

une pluralité de bobines d’induction (14a-14f)
destinées a une disposition séquentielle autour
de la piéce a usiner, et

une alimentation électrique (16a-16f) destinée
a chaque bobine de la pluralité de bobines d’in-
duction, chacune des alimentations électriques
comprenant un inverseur (INV) possédant une
sortie c.a. raccordée a une bobine respective de
la pluralité de bobines d’induction,

caractérisé en ce que :

une ligne de commande (40) est raccordée
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entre les alimentations électriques,

la sortie c.a. de I'inverseur de chacune des
alimentations électriques posséde une
commande a modulation de largeur d’im-
pulsions, et

la ligne de commande commande de ma-
niére synchronisée la sortie c.a. @ modula-
tion de largeur d'impulsions de l'inverseur
de chacune des alimentations électriques.

Un appareil selon la Revendication 1, ou l'inverseur
de chacune des alimentations électriques comprend
au moins quatre dispositifs de commutation a semi-
conducteur (S¢, Sy, S3, S,) et un dispositif de com-
mande (MC) associé a chaque inverseur commande
les dispositifs de commutation a semiconducteur de
linverseur.

Un appareil selon la Revendication 1 ou 2, ou au
moins un des inverseurs posséde une capacité d’ac-
cord (Ctp) sur I'entrée de linverseur.

Un appareil selon 'une quelconque des Revendica-
tions précédentes, ou la pluralité de bobines d’induc-
tion sont des bobines d’induction a solénoide étroi-
tement enroulées disposées adjacentes les unes
aux autres avec une séparation diélectrique desti-
née a empécher un court-circuit entre des bobines
adjacentes.

Un appareil selon 'une quelconque des Revendica-
tions précédentes ou la piece a usiner comprend un
matériau électriquement conducteur placé a linté-
rieur d’un creuset.

Un appareil selon 'une quelconque des Revendica-
tions 1 a 4, ou la piéce a usiner comprend un sus-
cepteur.

Un procédé de chauffage ou de fusion a gradient
d’une piéce a usiner (12) par induction comprenant
les opérations suivantes :

la fourniture d’'une alimentation c.a. a partird’'un
inverseur respectif (INV) a chaque bobine d’une
pluralité de bobines d’induction (14a-14f) dispo-
sées autour et le long de la longueur de la piece
a usiner,

linduction d’'un champ magnétique distinct
autour de chaque bobine de la pluralité de bo-
bines d’induction,

caractérisé par :

la modulation en largeur d’impulsions de
I'alimentation c.a. a partir de chacun des in-
verseurs distincts vers chaque bobine de la
pluralité de bobines d’induction,

et
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10.

1.

12.

la variation de la modulation en largeur d’im-
pulsions de lalimentation c.a. a partir de
chacun des inverseurs distincts.

Un procédé selon la Revendication 7, comprenant
'opération d’insertion d’'une capacité d’accord (C1f)
sur ’entrée d’au moins I'un des inverseurs distincts.

Un procédé selon la Revendication 7 ou 8, compre-
nant 'opération de synchronisation de la modulation
en largeur d’impulsions de l'alimentation c.a. a partir
de chacun des inverseurs.

Un procédé selon la Revendication 9, comprenant
'opération de transmission d’un signal de comman-
de en série entre les inverseurs de fagon a synchro-
niser la modulation en largeur d’impulsions de l'ali-
mentation c.a. a partir de chacun des inverseurs dis-
tincts.

Un procédé selon la Revendication 10, ou le signal
de commande comprend un signal de commande
maitre généré dans I'un des inverseurs pour une
transmission en série vers la pluralité restante d’in-
verseurs.

Un procédé selon la Revendication 11, ou I'un des
inverseurs génére un signal de commande anormal
en sérieversl'undesinverseurs dans lequel le signal
de commande maitre est généré.
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Szabadalmi igérypontok

3

Barendazds munkadarabolk {12) gradisns indukoids melegiidsdre vagy

megovaszigsara, amaly tarlaimas

& munkadarab k&bl sorban elrendasell indukolis tnkerosekat {14a-148; &s

snargiaforast {18168 o agyes indukoits ekarcaskher, shod az sqyes

energiaforrdsck az indukoids tekercsskher kapesolddd ao Kivenelte! rendstkesd

vertarret NV varmad olidiva; azzel jellemezve, hogy

az engrgiaforrdsok kdzdt veraridusretdl (40) van hetkiatey;

22 agyes snvrgiaforrdsok nverlsrdnsk 8¢ kimansts ‘“@iﬁzﬁt%ﬁﬁw sesdg-moduidnid

vezsridsss! van gildtvs; &8s

& vezenibvezaldk szinkvon mddon vaedrh a8 sgyes snerglaforrdsal inverierdnek
mprussdlassdgmodulalt as kimanatst

~

2. Az 1 igénypont szerint bevendazds, amelynd az sgves snergiafrrdsok
nwverters! larialimasnak legeliabb négy saildrdiast kaposoidssskiet {8y, By 83‘ S¢) 8%

agy-agy vesandt (MO}, amslvek a2 egyes invarderskher kaposolddva veedniik as

inverterek szidrdtest kaposoibssskdest.

3 Az 1 vagy 2. psnypon szadntl barendazds, arnelvnd az imvartersk lsgaldnl

agvike hangold kondenzdtorral {Gar) rendeticesih a2 inverter bemanstsndl

4, Az oided ényponiok bérmelvike szenint herandezds, amelns! ag ndukoids
fekarcsek szorosan inkavosell szolenod indukeids iekerosek, amalvak sgymas
mellsll helverkednak of dlslekinomosan slvalaschve 2 szonwsdos nkarosek kdrsty
svidianial megskadalyozasahor.

5. Az sifzd igenyponiok barmelvike szerintl berandezds, amelndl a munkadaral
villamosan vezstd anyagot larsimaz, amely sy Bgelvhen van ahelysavs

8 Ay 1 -4 igdnypontok harmelke seerintl berandezss, smelndl & murkads
{ariaimaz sgy sauszosptort



7. Efiaras munkadarabok {12} gradiens malegitésére vagy megaivaszidsdns,
amaly @ Kivetkezd idpésake! tartalmazsa

megfalald nverterbd] TNV energlat vesstink 16bb indukcids tekercs {14a-148)
mindegyikébe, amelyek & munkadarab hosssa mentén vannak shendesve;

ar induknios tekercssk mindegyike kel KE0nATS mdgnesss taret indusdlunk;
axeal jellomerve, hogy

az agyes inverlarel indukaids tekercsekher vezetell ao inljesiiményst
impulzussadiassdg-moduialiuk; és

22 egyes invartersk an elasiimény impulzussediosség-modulaidssdt vallostatiuk.

8, A7, igénypont sperint olidrds, amelyng! & kitonalld inverterak legaiabh
sgyinanal hangold kordenzdtort (T} helvesiink ol 8 hameanaten.

8, AT vagy 8. nénypont szarint @‘}é%’é amehnél az egyes inverlarek ao
teljesiiményéns alkalmazolt impulsussedlossdg-modulacidt seinkronizaliuk,

W A B genypont seerintt elifrds, amelnsl vardridislst viszlink 2 sorcsan ax
vartensk KOst a2 sgyes invertorek a0 lellasitményend! alkalmazogt
impulzusszdissssg-madulicks szinkrmizéldsdhaz.

T &0 igénypont szenint slidras, amelyndl a vesdndie! tartalmaz egy mester
vezdriiielel, amelyel ar sQyiK nverter alilt &d8, & amely sorosan viheld &l & 18hl

nvarterhez

0 AT pdénypont szenintl elidrds, smelyndl az invartersk s?«gy;\e sidailil say

rendelianas veseridiele! sorasan &8 sgyik inverlerhes, amelyikben & mester verdnéist

s lelt altva,
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