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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates in general to a beam de-
livery system and in particular to a beam delivery system
that controls an electron beam by means of electro-mag-
nets having a common magnetic return yoke.

2. Description of Related Art

[0002] Electro-magnets are used to control electron
beams in the process of irradiating surfaces of products.
Conventional techniques use scanning magnets for this
purpose. One of the drawbacks of using scanning mag-
nets is the fact that they are very large. They have to be
large since a considerable distance between the mag-
nets and the products being radiated is required to obtain
an even distribution of the beam over the whole surface.
Moreover, since the conventional arrangements are very
large, a large amount of shielding is required to contain
the radiation.
[0003] Various different types of systems use scanning
magnets as the electron beam directing means. Two
such systems are shown in the appended drawings. Fig.
1 schematically shows a conventional single sided scan-
ning system and Fig. 2 schematically shows a conven-
tional two sided scanning system. Both of these systems,
as can be seen, are constructed to direct an accelerated
beam of electrons evenly onto a product. Since the irra-
diation of products in industrial applications is, in general,
performed on consecutive products that are moving
along in some direction with respect to the system, it is
of the utmost importance to ensure that each of the pass-
ing products gets an equal amount of radiation, and fur-
thermore that the whole surface of the products gets ir-
radiated.
[0004] In the illustrated types of conventional system,
the electron beam is composed of short pulses (micro-
seconds) of electrons, with a longer (milliseconds) time
gap between them. As a result, the cross-sectional area
of the beam must be enlarged from the concentrated form
in which it was generated before it impinges on the sur-
face, to avoid "spots" or "stripes" of radiation on the irra-
diated products. In addition, the system that controls the
delivery of the beams onto the products to be radiated
must be capable of directing the pulses onto every pos-
sible area of the total surface of each product.
[0005] This results in the problem that it is difficult to
optimize the size of the scanning magnets and the mag-
net-to-product distance while still achieving complete
and uniform coverage of the total surface of the products,
particularly since the optimum size necessary to prevent
spots or stripes and ensure complete radiation coverage
depends not only on scanning magnet size and distance,
but also on the shape and orientations of the products to

be irradiated, as can be understood from the example of
a rectangular product that moves in a perpendicular di-
rection with respect to the beams. In that case, some
energy carried by the beam will inevitably be lost since
the beam impinges on the surface in the form of a cone,
and thus parts of the beam will radiate into the space at
each side of the product. Furthermore, the sides of the
product will not be adequately covered. To solve this
problem, it is necessary to achieve better control of the
beam delivery system, and particularly the ability to irra-
diate the boundaries of the product at beam angles that
differ from perpendicular.
[0006] U.S. patent no, 4,295,048, Cleland et al., dis-
closes an example of a method and a system for scanning
a beam of charged particles in order to control a radiation
dose distribution. The system is implemented by deflect-
ing the beam through a plurality of positions along the
conveyor path along which products that are to be irra-
diated are moving, through a single beam scanning de-
vice or a series of deflecting magnets arranged along a
beam pipe. One drawback of this approach is the size of
the system, which is significantly larger than the delivery
system of the present invention. Furthermore, it is not
possible, in a device of the type disclosed in U.S. Patent
No. 4,295,048, to direct beams in several directions with-
out adjusting the beam delivery system mechanically,
making it relatively difficult to control the beam.
[0007] US3748612 relates to a control yoke for deflect-
ing a beam of electrically charged particles, which com-
prises a pair of spaced and parallel bars. The bars are
made from a magnetic material. Each of the bars has a
plurality of helically wound coils positioned on them which
are spaced from one another along the length of the bars.

SUMMARY OF THE INVENTION

[0008] It is therefore a first objective of the present in-
vention to provide a beam delivery system that can be
closer to the product and is easier to control, and that is
capable of irradiating the boundaries of the product at
beam angles that differ from the perpendicular.
[0009] It is a second objective of the present invention
to provide a beam delivery system that has a distance to
the products that is much smaller than in the prior art,
and furthermore to provide a better controlled beam that
can irradiate the products at controlled angles.
[0010] It is a third objective of the present invention to
provide a beam delivery system that is much smaller than
prior art systems.
[0011] It is a fourth objective of the invention to provide
a system with optimized focusing of the beam.
[0012] It is a fifth objective of the invention to provide
a beam delivery system that gives improved surface dose
homogeneity on the product.
[0013] These objectives are achieved by a beam de-
livery system that includes a set of electronically control-
led magnets with a common magnetic yoke. The inven-
tion uses a set of small magnets to steer the beam directly
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onto the products being irradiated with a very short dis-
tance between the magnets and the products. The sys-
tem is used to control the distribution of charged particles
over one or several product positions, and makes it pos-
sible to direct the beams onto desired positions on the
product/products. Because of the short distance between
the magnets and the products, it is possible to make the
overall system much smaller and, as a consequence,
much less shielding is demanded.
[0014] As this invention relates to a beam delivery sys-
tem, those skilled in the art will recognize that, in all em-
bodiments of the invention, a device that radiates
charged particles, i.e. electrons, must be provided. This
device might be an accelerator of electrons or any other
suitable means that can provide a beam of charged par-
ticles. The beam of electrons may, for example, be used
to irradiate a product that is passing an area where the
surface of the product is being covered by charged par-
ticles. The surface of the product is preferably parallel to
the initial, undirected beam, and moves in a direction that
is close to and approximately perpendicular to the initial,
undirected beam.
[0015] The beam delivery system of the invention in-
cludes both an accelerating means for accelerating
charged particles and a beam directing means made up
of sets of magnets, each magnet being constructed from
a coil wound around a core leg and a magnetic pole face.
All of the magnets have a common return yoke, the mag-
nets being evenly spaced apart along the axis of the yoke
and perpendicular to the initial beam path, with a gap
formed between opposite magnet pole faces and ar-
ranged such that pulses of an undisturbed beam ema-
nating from the beam radiating device propagate in the
gap. In the preferred embodiment, the beam or beam
pulses propagate through a vacuum tube or a vacuum
chamber. The magnetic fields, generated between op-
posite magnetic pole faces, are provided through the
coils on "the leg parts" of the magnets, and these coils
are connected by switches to one or a number of external
power supplies.
[0016] The beam can be viewed as a train of electron
pulses, where every pulse consists of a large amount of
electrons, and the pulses are sent with time gaps be-
tween them. The first pulse is directed onto a predeter-
mined position on the product by the first set of magnets,
the second by subsequent sets of magnets and so forth.
Control of the magnets may, in the preferred embodi-
ment, be obtained through "synchronizing means" that
synchronize the application of power to individual mag-
nets or sets of magnets, with the timing of electron pulses
supplied by the accelerator device, e.g., through the ap-
plication of clock or timing pulses or signals. In addition,
control of the magnets may be achieved by one or more
computer controlled power supplies that supply differing
amounts of power to respective magnets or sets. The
currents fed to the coils may be negative or positive, and
each pair of opposite coils may have its own power sup-
ply, or several coils may share a common power supply.

Each magnet comprises two opposite legs and the cor-
responding current coils. Both coils of each pair of oppo-
site legs are preferably connected in series and equally
and simultaneously energized to thereby generate a
magnetic field between opposite magnetic pole faces that
will act as the steering means for the beam and direct
the beam onto the target or product.
[0017] As it is possible to turn the beam in first one
direction and then reverse it to a second completely op-
posite direction, it becomes possible to irradiate products
traveling both above and below the beam distribution sys-
tem. This is of course a major advantage, and is obtained
by generating alternating magnetic field strengths down
the beam path, which gives differing angles of direction
for the pulses. In this manner, the problem given earlier
about energy losses occurring upon irradiating the
boundaries of a product can be handled. It is furthermore
possible to energize adjacent magnets at the same time
in order to enhance the steering or to control the gradient
of the field, and thereby to obtain better focusing of the
beam.
[0018] As a product passes the beam distribution sys-
tem, the set of magnets will therefore "bend" the beams
towards the product surface. The system is set to an initial
value for the magnetic field between the magnetic pole
faces before the first pulse enters the system. As the first
pulse enters, it is bent by the magnetic field in the first
pair of magnets. In the preferred arrangement, the first
pair of magnet poles is not used to steer the beam directly
onto the product, but to generate the desired fringe field
and beam direction for the second pair of poles. The sys-
tem is then reset and the second sent pulse is directed
by the subsequent magnets, and so on. These settings
and resettings are obtained through the above-men-
tioned synchronization means. Depending on the size of
the magnet poles and the distance between magnets and
products, one or several pulses are directed onto the
product with different currents in the coils for predeter-
mined combinations of poles before the next set of mag-
nets is selected. This differential current arrangement
can apply to any combination in adjacent magnets. Dur-
ing the process the system steers consecutive pulses in
the pulse train by consecutive magnets on the yoke to
produce a train of overlapping beam spots onto the prod-
uct. When the train of beam spots has completely cov-
ered the product from a first side to the opposite side,
the process restarts on the first side. The time that the
train takes to sweep from side to side is very fast in re-
lation to the time taken for the product to pass the irradi-
ation area. The configuration of all magnets on a common
yoke thereby provides a system that gives an evenly dis-
tributed radiation dose and covers the entire surface of
the product. Furthermore, it makes it possible to have a
much, much smaller arrangement than in prior art sys-
tems.
[0019] The configuration of the magnet pole faces il-
lustrated herein is of course not the only possible config-
uration that can be used. It is instead possible to use any
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geometrical configuration of magnet pole faces on a com-
mon yoke. The particular configuration to use is depend-
ent on what beam paths one desires to obtain. For ex-
ample, different geometrical configurations and their
beam paths may, according to the invention, have one
row of magnets or several rows of magnets. A person
skilled in the art should recognize other configurations
and their beam paths. It is also possible to have a stack
of rows of magnets with a common yoke. All these dif-
ferent configurations could be used to deliver beams from
different directions onto the products, e.g. double sided
irradiation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig.1 is a view of a single sided scanning system in
prior art beam delivery systems;
Fig.2 is a schematic view of a double sided scanning
system in prior art beam delivery systems;
Fig.3 is a top view of the beam delivery system ac-
cording to one preferred embodiment of the present
invention with a single row of magnets on a common
return yoke;
Fig. 3A is a schematic diagram of a circuit that may
be used with the beam delivery system of Fig. 3.
Figs.4A-4C are plan views of possible configurations
of the magnet pole faces and their beam paths in
embodiments of the present invention that have sin-
gle rows of magnets or several rows of magnets.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] The invention will now be described with re-
spect to a simple embodiment that comprises a single
row of magnets on a common yoke. As was emphasized
earlier, this is just an example of a possible configuration
of the present invention, but it is a good embodiment and
also a simple enough embodiment to illustrate the prin-
ciples of the invention. Those skilled in the art will appre-
ciate that even though some characteristics of the pre-
ferred embodiment, such as distances and the like, are
described in detail herein, the preferred characteristics
should be viewed as completely optional since they are
included solely on the basis of giving the best mode of
the invention presently known to the inventors, and not
by way of limitation.
[0022] In particular, in this embodiment, the magnets
on a common yoke (2) have the configuration shown in
Fig.3. The yoke carries two opposite rows of legs (11)
with magnet pole faces (10). All adjacent magnet pole
faces on each side of the yoke (2) are equally spaced
along the central axis of the yoke, and furthermore are
spaced a distance from the opposite set of magnet pole
faces. The magnetic fields in the magnets are generated
through coils (12) that are wound around each of the core

legs and connected to at least one power supply (16)
through one or more switches (18). The coils (12) are fed
with currents, negative or positive, from the at least one
power supply (16). Each pair of opposite coils may have
its own power supply, or two or more pairs of the coils
may share a common power supply. Each magnet com-
prises two opposite legs with a corresponding pair of coils
that are preferably connected in series and equally and
simultaneously energized, thereby generating a magnet-
ic field between opposite magnetic pole faces that will
act as the steering means for the beam (14) and direct
the beam onto the target or product.
[0023] In this example where the legs (11), coils (12),
and pole faces (10) are aligned on an axis along the yoke
in a direction perpendicular to the initial beam path, and
the coils (12) are all respectively connected to a main
switch(s) (18) that feeds them with current on command,
the spacing between adjacent magnets may be between
� of a centimeter and 3 cm, and more preferably between
� cm and 2 cm, e.g., 1 cm. The length of the edges of
the quadratically formed magnetic pole faces are be-
tween 1 cm and 10 cm, and preferably between 3 cm
and 8 cm, e.g., 6 cm, and the gaps between opposite
magnetic pole faces are between 1 and 5 cm, e.g., ap-
proximately 2 cm. The accelerator means is preferably
an accelerator of charged particles that delivers pulsed
beams with a time gap of 1 to 100 milliseconds and a
duration of between � and 10 microseconds, the amount
of beam current to be delivered being controlled by the
accelerator. The accelerator system also controls the
time of switching through triggering via clock pulses. The
pulsed beams that are delivered from the accelerator
propagate through a vacuum tube into the beam directing
system.
[0024] The products to be irradiated follow a path in
which the surface of the product is parallel to the initial,
undirected beam. The product moves in a direction that
is close to and approximately perpendicular to the initial,
undirected beam. To direct the beams onto the product
in this specific embodiment, the switch or switches (18)
may be computer controlled so as to be synchronized
with the accelerator system. In addition, power supply or
supplies (16) may be computer controlled to control the
amount of current supplied to a respective set or sets of
coils (12).
[0025] Initially, the first set of the plurality of magnets
is set to direct the first pulse to the product, and the di-
rection and the desired position is determined by the cur-
rent balance in the coils, through the computer controlled
power supply. After this, the second pulse enters and is
directed onto the product by the second one of the plu-
rality of magnets. When all of the plurality of magnets
have directed a pulse the process restarts. This process
continues until the entire product being irradiated has
passed across the delivery system. The product then
turns and returns on the opposite side of the system, with
the pulses now directed to the product by shifting the
magnetic fields between the opposite lying pole faces,
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thus bending the beams in that direction, through the
operation of the system as given above. In this way, it is
possible to irradiate the same surface of the product or,
if desired, the other side of the product (if the product is
turned somewhere along the way back to the system). If
the yoke is provided with two or more rows of magnets,
and other external power supplies, it is also possible to
irradiate two products at the same time, one on each side
of the delivery system.
[0026] In the preferred arrangement, the first pair of
magnet poles is not used to steer the beam directly onto
the product, but to generate the desired fringe field and
beam direction for the second pair of poles. The system
is then reset and the second sent pulse is directed by the
subsequent magnets, and so on. Depending on the size
of the magnet poles and the distance between magnets
and products, one or several pulses may be directed onto
the product with different currents in the coils of, for ex-
ample, the first and second poles, before the next set of
magnets is selected. This differential current arrange-
ment can apply to any combination of adjacent magnets.
During the process the system steers consecutive pulses
in the pulse train by consecutive magnets on the yoke to
produce a train of overlapping beam spots onto the prod-
uct. When the train of beam spots has completely cov-
ered the product from a first side to the opposite side,
the process restarts on the first side. The time that the
train takes to sweep from side to side is very fast in re-
lation to the time taken for the product to pass the irradi-
ation area, resulting in a system that gives an evenly
distributed radiation dose, covers the entire surface of
the product, and yet is substantially smaller than prior art
systems.
[0027] Since each single pair of magnets can be en-
ergized or not individually, it is possible to guide a beam
to a specific position. One can furthermore generate a
specific magnetic field for a specific pair of magnets by
means of the current balance in the coils using the com-
puter controlled power supply means discussed above,
synchronized with the accelerator device, and hence it
is possible to obtain an arrangement that ensures that
the boundaries are radiated from angles that are slightly
tilted with respect to a direction normal to the plane par-
allel to the product’s surface. This enables energy losses
in the radiation to be minimized, and makes alignment
of the magnet much easier than in prior art systems where
many separate units were used.
[0028] The configuration of the magnet pole faces in
Fig. 3, is of course not the only possible configuration
that can be used. It is instead possible to use any geo-
metrical configuration of magnet pole faces on a common
yoke, the particular configuration to use being dependent
on what beam paths one like to obtain. In Figs.4A to 4C,
there are shown some exemplary geometrical configu-
rations and their beam paths, with one row of magnets
or several rows of magnets. A person skilled in the art
should recognize other configurations and their beam
paths. It is also possible, as is clear from Figs.4A to 4C,

to have a stack (of rows) of magnets with a common
yoke. All these different configurations could be used to
deliver beams from different directions onto the products,
e.g. double sided irradiation.
[0029] The embodiments and the design example giv-
en above are merely illustrations. There are other em-
bodiments that will readily occur to one skilled in the art
that are within the scope of the invention. The invention
is therefore defined as in the appended claims.

Claims

1. An electron beam delivery system for directing beam
pulses to desired positions on a product that is fol-
lowing a path close to said system, comprising:

accelerator means for delivering a pulsed beam
of charged particles; and
a directing system for controlling the beam, said
directing system comprising:

a set of adjacent magnets arranged in at
least one row on a common yoke (2), each
magnet comprising a pair of oppositely sit-
uated core legs (11) with magnetic pole fac-
es (10) and a corresponding pair of coils
(12) wound around the core legs;
power supply means (16) for feeding cur-
rent to coils (12) of oppositely situated core
legs (11) to thereby generate respective
magnetic fields in the gap between pairs of
oppositely situated core legs,
wherein said directing system is adapted
such that, upon entrance of said beam puls-
es into said gap, magnetic fields of consec-
utive magnets are selectively turned on to
bend consecutive pulses of charged parti-
cles onto desired positions on the product.

2. A beam delivery system as in claim 1, wherein the
coils (12) of each pair of said oppositely situated core
legs (11) are connected in series, and wherein the
coils of (12) each pair of core legs (11) are connected
to their own power supply (16).

3. A beam delivery system as in claim 1, wherein the
coils (12) of at least one of said pairs of oppositely
situated core legs (11) are connected in series, and
further connected to a power supply (16) that is
shared with the coils (12) of at least one other pair
of oppositely situated core legs (11).

4. A beam delivery system as in claim 1, wherein said
power supply means (16) includes a set of computer
controlled power supplies synchronized with the
pulses delivered by the accelerator means to give a
desired irradiation strength.

7 8 



EP 1 472 703 B1

6

5

10

15

20

25

30

35

40

45

50

55

5. A beam delivery system as in claim 4, wherein said
power supplies are controlled digitally.

6. A beam delivery system as in claim 1, wherein said
directing system is adapted such that switching of
currents and amplitudes in different ones of said
magnets is controlled by clock pulses from the ac-
celerator means to thereby synchronize the beam
path selection with the accelerator means.

7. A beam delivery system as in claim 1, wherein said
accelerator means is an accelerator of charged par-
ticles.

8. A beam delivery system as in claim 1, wherein said
beam delivery system is arranged to direct beams
onto a product in at least two directions.

9. A beam delivery system as in claim 8, wherein said
beam delivery system is arranged to turn the beam
in first one direction and then reverse it to a second
completely opposite direction.

10. A beam delivery system as in claim 1, wherein a
beam delivered from said accelerator means enters
said directing system via a vacuum filled device.

11. A beam delivery system as in claim 10, wherein said
vacuum filled device, is a vacuum tube.

12. A beam delivery system as in claim 1, wherein said
core legs (11) and magnetic pole faces (12) are
aligned and arranged in two parallel rows.

13. A beam delivery system as in claim 1, wherein said
directing system is adapted to steer consecutive
pulses in a pulse train by consecutive magnets on
the yoke to produce a train of overlapping beam
spots onto the product.

14. A beam delivery system as in claim 1, wherein said
directing system is adapted for synchronizing the ap-
plication of power to individual magnets or sets of
magnets with the timing of electron pulses supplied
by said accelerator means.

15. A beam delivery system as in claim 1, wherein said
directing means is adapted to generate the magnetic
fields in the magnets through the coils (12) that are
wound around each of the core legs and connected
to at least one power supply (16) through one or more
switches (18).

16. A beam delivery system as in claim 15, wherein the
switch or switches (18) are computer-controlled so
as to be synchronized with the accelerator means,
and said power supply or supplies (16) is/are com-
puter controlled to control the amount of current sup-

plied to a respective set or sets of coils (12).

Patentansprüche

1. Elektronenstrahllilfersystem zum Lenken von Strahl-
pulsen an gewünschte Positionen auf einem Pro-
dukt, welches einem Pfad nahe dem System folgt,
umfassend:

ein Beschleunigerrhittel zum Liefern eines ge-
pulsten Strahls geladener Partikel, und
ein Lenksystem zum Steuern des Strahls, wobei
das Lenksystem umfasst:

eine Gruppe benachbarter Magnete, wel-
che in mindestens einer Reihe auf einem
gameinsamen Joch (2) angeordnet sind,
wobei jeder Magnet ein von gegenüberlie-
gend angeordneten Kernschenkeln (11) mit
Magnetpolflächen (10) und ein entspre-
chendes Paar von um die Kernschenkel ge-
wickelten Spulen (12) umfasst,
ein Stromversorgungsmittel (16) zum Zu-
führen von Strom an Spulen (12) gegen-
überliegend angeordneter Kernschenkel
(11), um damit jeweilige Magnetfelder in
dem Zwischenraum zwischen Paaren von
gegenüberliegend angeordneten Kern-
schenkeln zu erzeugen,
wobei das Lenksystem derart eingerichtet
ist, dass beim Eintreten der Strahlpulse in
den Zwischenraum Magnetfelder aufeinan-
derfolgender Magnete selektiv eingeschal-
tet werden, um aufeinanderfolgende Pulse
geladener Partikel auf gewünschte Positio-
nen des Produkte zu biegen.

2. Strahlliefersystem wie in Anspruch 1, wobei die Spu-
len (12) jedes Paares der gegenüberliegend ange-
ordneten Kernschenkel (11) in Reihe verbunden
sind, und wobei die Spulen (12) jedes Paares von
kernschenkeln (11) mit ihrer eigenen Stromversor-
gung (16) verbunden sind.

3. Strahlliefersystem wie in Anspruch 1, wobei die Spu-
len (12) von zumindest einem der Paare von gegen-
überliegend angeordneten Kernschenkeln (11) in
Reihe verbunden sind und weiter mit einer Strom-
versorgung (16) verbunden sind, welche mit den
Spulen (12) von mindestens einem anderen Paar
von gegenüberliegend angeordneten Kernschen-
keln (11) geteilt ist.

4. Strahlliefersystem wie in Anspruch 1, wobei das
Stromversorgungsmittel (16) eine Gruppe von rech-
nergesteuerten Stromversorgungen umfaßt, welche
mit den von dem Beschleunigermittel gelieferten
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Pulsen synchronisiert sind, um eine gewünschte Be-
strahlungsstärke zu ergeben.

5. Strahlliefersystem wie in Anspruch 4, wobei die
Stromversorgungen digital gesteuert sind.

6. Strahlliefersystem wie in Anspruch 1, wobei das
Lenksystem derart eingerichtet ist, dass ein Schal-
ten von Strömen und Amplituden in verschiedenen
der Magneten durch Taktpulse von dem Beschleu-
nigermittel gesteuert ist, um damit die Strahlpfa-
dauswahl mit dem Beschleunigermittel zu synchro-
nisieren.

7. Strahlliefersystem wie in Anspruch 1, wobei das Be-
schleunigermittel ein Beschleuniger für geladene
Teilchen ist.

8. Strahlliefersystem wie in Anspruch 1, wobei das
Strahlliefersystem eingerichtet ist, Strahlen auf ein
Produkt in mindestens zwei Richtungen zu lenken.

9. Strahlliefersystem wie in Anspruch 8, wobei das
Strahlliefersystem eingerichtet ist, den Strahl zuerst
in eine Richtung abzubiegen und ihn dann in eine
zweite vollständig gegensätzliche Richtung umzu-
kehren.

10. Strahlliefersystem wie in Anspruch 1, wobei ein von
dem Beschleunigermittel geliefertes Strahl über eine
mit Vakuum gefüllte Einrichtung in lenksystem ein-
tritt.

11. Strahlliefersystem wie in Anspruch 10, wobei die mit
Vakuum gefüllte Einrichtung eine Vakuumröhre ist.

12. Strahlliefersystem wie in Anspruch 1, wobei die
Kernschenkel (11) und die Mapolflächen (12) in zwei
parallelen Reihen ausgerichtet und angeordnet sind.

13. Strahlliefersystem wie in Anspruch 1, wobei das
Lenksystem eingerichtet ist, aufeinanderfolgende
Pulse durch aufeinanderfolgende Magnete auf dem
Joch in einen Pulszug zu steuern, um einen Zug von
überlappenden Strahlflecken auf dem Produkt zu er-
zeugen.

14. Strahlliefersystem wie in Anspruch 1, wobei das
Lenksystem eingerichtet ist, das Anlegen von Strom
an individuelle Magnete oder Gruppen von Magne-
ten mit dem Zeitablauf von durch das Beschleuni-
germittel gelieferten Elektronenpulsen zu synchro-
nisieren.

15. Strahlliefersystem wie in Anspruch 1, wobei das
Lenkmittel eingerichtet ist, die Magnetfelder in den
Magneten durch die Spulen (12), welche um jeden
der Kernschenkel gewickelt sind und über ein oder

mehrere Schalter (18) mit mindestens einer Strom-
versorgung (16) verbunden sind, zu erzeugen.

16. Strahlliefersystem wie in Anspruch 15, wobei der
oder die Schalter (18) rechnergesteuert ist bzw. sind,
um mit dem Beschleunigermittel synchronisiert zu
werden, und wobei die Stromversorgung oder die
Stromversorgungen (16) rechnergesteuert ist/sind,
um die Menge des einer jeweiligen Gruppe oder je-
weiligen Gruppen von Spulen (12) gelieferten
Stroms zu steuern.

Revendications

1. Système d’émission de faisceaux d’électrons per-
mettant de diriger des impulsions de faisceau dans
des positions souhaitées sur un produit qui suit un
chemin proche dudit système, comprenant :

un moyen d’accélérateur permettant d’émettre
un faisceau pulsé de particules chargées ; et
un système directionnel permettant de com-
mander le faisceau, ledit système directionnel
comprenant :

un jeu d’aimants adjacents agencés en au
moins une rangée sur une culasse commu-
ne (2), chaque aimant comprenant une pai-
re de colonnes de noyau en regard (11)
avec des faces de pôle magnétique (10) et
une paire correspondante de bobines (12)
enroulées autour des colonnes de noyau ;
un moyen d’alimentation en énergie (16)
permettant d’approvisionner les bobines
(12) de colonnes de noyau en regard (11)
en courant afin de générer ainsi des champs
magnétiques respectifs dans l’espace entre
les paires de colonnes de noyau en regard,
dans lequel ledit système directionnel est
adapté de telle sorte que, lors de l’entrée
desdites impulsions de faisceau dans ledit
espace, des champs magnétiques
d’aimants consécutifs sont sélectivement
actionnés pour fléchir des impulsions con-
sécutives de particules chargées sur des
positions souhaitées sur le produit.

2. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel les bobines (12) de chaque
paire desdites colonnes de noyau en regard (11)
sont connectées en série, et dans lequel les bobines
(12) de chaque paire de colonnes de noyau (11) sont
connectées à leur propre alimentation en énergie
(16).

3. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel les bobines (12) d’au moins

11 12 



EP 1 472 703 B1

8

5

10

15

20

25

30

35

40

45

50

55

une desdites paires de colonnes de noyau en regard
(11) sont connectées en série, et sont en outre con-
nectées à une alimentation en énergie (16) qui est
partagée avec les bobines (12) d’au moins une autre
paire de colonnes de noyau en regard (11).

4. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel ledit moyen d’alimentation en
énergie (16) comprend un jeu d’alimentations en
énergie commandées par ordinateur synchronisées
avec les impulsions émises par le moyen d’accélé-
rateur pour donner une force d’irradiation souhaitée.

5. Système d’émission de faisceaux selon la revendi-
cation 4, dans lequel lesdites alimentations en éner-
gie sont commandées numériquement.

6. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel ledit système directionnel est
adapté de sorte que la commutation de courants et
d’amplitudes dans différents aimants desdits
aimants est commandée par des impulsions d’hor-
loge depuis le moyen d’accélérateur afin de synchro-
niser ainsi la sélection de chemin de faisceau avec
le moyen d’accélérateur.

7. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel ledit moyen d’accélérateur est
un accélérateur de particules chargées.

8. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel ledit système d’émission de
faisceaux est agencé pour diriger les faisceaux sur
un produit dans au moins deux directions.

9. Système d’émission de faisceaux selon la revendi-
cation 8, dans lequel ledit système d’émission de
faisceaux est agencé pour faire tourner le faisceau
dans une première direction puis de l’inverser dans
une seconde direction complètement opposée.

10. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel un faisceau émis depuis ledit
moyen d’accélérateur entre dans ledit système di-
rectionnel via un dispositif rempli de vide.

11. Système d’émission de faisceaux selon la revendi-
cation 10, dans lequel ledit dispositif rempli de vide
est un tube à vide.

12. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel lesdites colonnes de noyau (11)
et les faces de champ magnétique (12) sont alignées
et agencées en deux rangées parallèles.

13. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel ledit système directionnel est
adapté pour guider des impulsions consécutives

dans un train d’impulsions par des aimants consé-
cutifs sur la culasse afin de produire un train de points
de faisceau se chevauchant sur le produit.

14. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel ledit système directionnel est
adapté pour synchroniser l’application d’énergie à
des aimants individuels ou des jeux d’aimants avec
le moment d’impulsions d’électron fournies par ledit
moyen d’accélérateur.

15. Système d’émission de faisceaux selon la revendi-
cation 1, dans lequel ledit moyen directionnel est
adapté pour générer les champs magnétiques dans
les aimants via les bobines (12) qui sont enroulées
autour de chacune des colonnes de noyau et con-
nectées à au moins une alimentation en énergie (16)
via un ou plusieurs commutateurs (18).

16. Système d’émission de faisceaux selon la revendi-
cation 15, dans lequel le ou les commutateurs (18)
sont commandés par ordinateur afin d’être synchro-
nisés avec le moyen d’accélérateur, et ladite ou les-
dites alimentations en énergie (16) sont comman-
dées par ordinateur afin de commander la quantité
de courant fourni à un jeu respectif de bobines (12).
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