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(57) Abstract: The invention relates
to a device [or hot dip coating metal
strands (1), particularly strip steel,

E‘P 7 in which the metal strand (1) can be
/r\\ vertically guided through a reservoir
. /\1 - 8\' o (3), which accommodates the molten

By i 1 w— — . .
coating metal (2), and though a guide
/(( o ) 2 ,,) o N ) T i? channel (4) connected upstream
/ Ii 1 N ‘% therefrom. An  clectromagnetic
7 | A inductor (5) is mounted in the arca of

7o o —_—

\ { ) (I/_g) ( | ) g the guide channcl (4) and in order to
\( !\ retain the coating metal (2) inside the
7 V7 AU <) 7o i)(]/ o) — P —— = reservoir (3), can induce induction
7 k N g™ currents in the coating mctal (2)
7 o A by means of an clectromagnetic
/. /([ o /N - ;‘/ )L LWL 19— traveling field.  While interacting
/ - 5‘ with the clectromagnetic traveling
7 T —R N field, said induction currents exert an
. D ( . ) - J) (Lﬁ—ﬂ) (V % )}_ g clectromagnetic force. The inductor
| | (5) has at least two main coils (6)
~(| ° l) !(L/( Ji) (L/ J) @ Q) _}___ N that arc arranged in succession
/ in movement direction (X) of the
/ metal strand (1), and has at lcast two

FF
9 —{ a 9

b —

correction coils (7) for controlling the
position of the metal strand (1) inside
the guide channel (4) in direction

(N). which is normal to the surface of the metal strand (1). These correction coils are also arranged in succession in movement
direction (X) of the metal srand (1). In order to improve the efficiency of the control of the metal strip inside the gnide channcl,
& the invention provides that at lcast a portion of the correction coils (7). when viewed in movement direction (X) of the metal strand
(1), are arranged so that they are offser with regard to one another perpendicular to movement direction (X) and perpendicular to

direction (N) that is normal to the surface of the metal strand (1).
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(57) Zusammenlassung: Die Brlindung betillt eine Vorrichtung zur Schimelztauchbeschichiung von Metallstizingen (1), insbe-
sondere von Stahlband, in der der Metallstrang (1) vertikal durch einen das geschmolzene Beschichtungsmetall (2) aulnehmenden
Behdlter (3) und durch einen vorgeschalteten Fithrungskanal (4) hindurchfiihrbar ist, wobei im Bereich des Fithrungskanals (4) ein
elektromagnetischier Induktor (5) angeordnet ist, der zum Zuriickhalten des Beschichtungsmetalls (2) im Behilter (3) mittels eines
elektromagnetischen Wanderfeldes im Beschichtungsmetall (2) Induktionssirdme induzieren kann, die in Wechselwirkung mil dem
elektromagnetischen Wanderfeld eine elektromagnetische Kraft ausiiben, wobei der Induktor (5) mindestens zwei Ilauptspulen (6)
aulweisl, die in Bewegungsrichtung (X) des Metallstrangs (1) auleinanderfolgend angeordnet sind, sowie mindestens zwei Korrek-
turspulen (7) zur Lageregelung des Metallsirangs (1) im Fihrungskanal (4) in Richtung (N) normal zur Ober({liche des Metallstrangs
(1) besitzL, die ebenlalls in Bewegungsrichtung (X) des Melallsirangs ( 1) auleinanderlolgend angecrdnel sind. Zur Verbesserung der
Kffizienz der Regelung des Metallbands im Fihrungskanal ist erfindungsgemiss vorgesehen, dass zumindest ein ‘leil der Korrek-
turspulen (7), in Bewegungsrichtung (X) des Metallstrangs (1) hetrachlet, senkrecht zur Bewegungsrichtung (X) und senkrecht zur
Richtung (N) normal zur Oberlliche des Metallstrangs (1) zueinander verselzt angeordnet sind.
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TRANSLATION (HM-592PCT-original) :
WO 03/076,681 Al
PCT/EP03/01, 722

DEVICE FOR THE HOT DIP COATING OF METAL STRANDS

The invention concerns a device for the hot dip coating of
metal strands, especially steel strip, in which the metal strand
can be passed vertically through a tank that contains the molten

. coating metal and through an upstream guide channel. In the
area of the guide channel, an electromagnetic inductor is
installed, which induces induction currents in the coating metal
for holding back the coating metal in the tank by means of an
electromagnetic travéling field,' The induction currents
interact with the electromagnetic traveling field to exert an
electromagnetic force. The inductor has at least two main
coils, which are arranged in succession in the direction of
movement of the metal strand, and at least two correction coils,
which serve to control the position of the metal strand in the
quide channel in the direction normal to the surface of the
metal strand and are also arranged in succession in the
direction of movement of the metal strand.

Conventional metal dip coating systems for metal strip have

1
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2 high-maintenance part, namely, the coating tank and the
fixtures it contains. Bgfore being coated, the surfaces of the
metal strip to be coated must be cleaned of residual oxide and
activated to allow bonding with the coating metal., For this
reason, the gurfaces of the strip are subjected to a heat
treatment in a reducing atmospheré before they are coated.
Since the oxide coatings are first removed by chemical or
abrasive methods, the reducing heat treatment activates the
surfaces, so that after the heat treatment, they are present in
pure metallic form. .

However, the activation of the strip surface increases the
affinity of the strip surface for the surrounding atmospheric
oxygen. To prevent the surface of the strip from being re-
exposed to atmospheric oxygen before the coating process, the
strip is int¥oduced into the hot dip coating bath from above in
a dipping snout. Since the coating metal is present in the
molten state, and since one would like to utilize gravity
together with Blowing devices to adjust the coating thickness,
but the subsequent processes prohibit strip contact until the
coating metal has completely solidified, the strip must be

deflected in the vertical direction in the coating tank. This
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is accomplished with a roller that runs in the molten metal.
This roller is subject to strong wear by the molten coating
metal and is the cause of shutdowns and thus loss of production. -

The desired low coating thicknesses of the coating metal,
which vary in the micrometer range, place high demands on the
quality of the strip surface. This means that the surfacés of
the strip-guiding rollers must also be of high quality.

Problems with these surfaces generally lead to defects in the
surface of the strip. This is a further cause of frequent plant
~shutdowns.

In addition, previocus hot dip coating systems have limiting
values in their coating rates. These limiting values are
related to the operation of the stripping jets, to the cooling
processes of the metal strip passing through the system, and to
the heat process for adjusting alloy coatings in the coating
metal. As a result, the maximum rate is generally limited, and
certain types of metal strip cannot be conveyed at the plant's
maximum possible rate.

During the hot dip coating process, alloying operations for
the bonding of the coating metal to the surface of the strip are

carried out. The properties and thicknesses of the alloy
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coatings that form‘are strongly dependent on the temperature in
the coating ténk. For this reason, in many coating operations,
although, of course, the coating metal must be maintained in a
ligquid state, the temperatures may not exceed certain limits.
This conflicts with the desired effect of stripping the coating
metal to adjust a certain coating thickness, since the viscosity
of the coating metal necessary for the stripping operation
increases with decreasing temperature and thus complicates the
stripping operation.

To avoid the problems associated with rollers running in
the molten coating metal, approaches have been proposed, in
which a coating tank is used that is open at the bottom and has
a guide channel in its lower section for guiding the strip
vertically upward, and in which an electromagnetic seal is used
to seal the open bottom of the tank. The production of the
electromagnetic seal involves the use of electromagnetic
inductors, which operate with electromagnetic alternating or
traveling fields that seal the coating tank at the bottom by

‘means of a repelling, pumping, or constricting effect.
A solution of this type is described, for example, in EP

0 673 444 Bl. The solutions described in WO 96/03533 and JP
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50[1975] -86446 also provide for an electromagnetic seal for
sealing the coating tank at the bottom.

“ Although this allows the coating of nonferromagnetic metal
strip, problems arise in the coating of steel strip that is
essentially ferromagnetic, because the strip is_drawn to the
walls of the channel by the ferromagnetism in the
electromagnetic seals, and this damages the surface of fhe
strip. Another problem that arises is that the coating metal is
unacceptably heaﬁed by the inductive fields.

An unstable equilibrium exists with respect to the position
of the ferromagnetic steel strip passing through the guide
channel between two traveling-field inductors. The sum of the
forces of magnetic attraction acting on the strip is zero only
in the center of the guide channel. As soon as the steel strip
is deflected from its center position, it draws closer to one of
the two inductors and moves farther away from the other
inductor. The reasons for this type of deflection may be simple
flatness defects of the sfrip. Defects of this type include any
type of strip waviness in the direction of strip flow, viewed
over the width of the strip (center buckles, quarter buckles,

edge waviness, flutter, twist, crossbow, S-shape, etc.). The

-8-




magnetic induction, which is responsible for the magnetic
attraction; decreases in field strength with increasing distance
from the inductor according to an expoﬁential function.
Therefore, the force of attraction similarly decreases with the
square of the induction field strength with inéreasing distance
from the inductor. This means that when the strip is deflécted
in one direction, the force of attraction to one inductor
increases exponentially, while the restoring force by the other
inductor decreases exponentially. Both effects intensify by
themselves, so that the equilibrium is unstable. |

DE 195 35 854 Al and DE 100 14 867 Al offer apﬁroaches to
the solution of this problem, i.e., the problem of more précise
position control of the metal strand in the guide channel.
According to the concepts disclosed there, the coils for
inducing the electromagnetic traveling field are supplemented by
correction coils, which are connected to an automatic control
system and see to it that when the metal strip deviates from its
center position, it is brought back into this positioﬁ.

In these previously known approaches to a solution of this
problem, it was found to be a disadvantage that the automatic

control of the metal strip for keeping the strip in the center
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of the guide channel becomes difficult due to the fact that
destructive interference of the fields sometimes occurs due to
the superimposing of the magnetic fields of the main coils and
correction coils, and therefore efficient restoration of the
metal strip to the center of the guide channel becomes difficult
or impossible. An analysis of the resisting forces of the steel
strip revealed that with decreasing strip thickness, which
conforms to the present trend, the inherent stiffness of the
steel strip decreases to the extent that the strip can offer
very little resistance to deformation by the magnetic field of
the inductors. A problem in this regard is the large
unsupported length between the lower guide roller below the
guide channel and the upper guide roller above the coating bath,
which can be well above 20 m in a production plant. This
increases the need for efficient position control of the metal
strip in the guide channel, which is difficult due to the
conditions noted above.

Thérefore, the objective of the invention is to further
develop a device for the hot dip coating of metal strands of the
type specified at the beginning in such a way that the specified

disadvantages are overcome. In particular, it should be
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2003210320 25 Jun 2008

10

15

20

25

30

35

possible to keep the metal strip in the center of the
guide channel in an effective way.

In accordance with the invention, this objective
is achieved by providing a device for the hot dip coating
of metal strands, especially steel strip, in which the
metal strand is able to be passed vertically through a
tank that contains the molten coating metal and through an
upstream guide channel, wherein, in the area of he guide
channel, an electromagnetic inductor is installed, which
is able to induce induction currents in the coating metal
for holding back the coating metal in the tank by means of
an electromagnetic travelling field, which induction
currents interact with the electromagnetic travelling
field to exert an electromagnetic force, and wherein the
inductor has at least two main coils, which are arranged
in succession in the direction of movement of the metal
strand, and at least two correction coils, which serve to
control the position of the metal strand in the guide
channel in the direction normal to the surface of the
metal strand and are also arranged in succession in the
direction of movement of the metal strand and arranging at
least some of the correction coils, as viewed in the
direction of movement of the metal strand, in a staggered
fashion relative to one another perpendicular to the
direction of movement and perpendicular to the direction
normal to the surface of the metal strip.

The correction coils, as viewed in the direction
of movement of the metal strip, are preferably arranged in
at least two rows, and preferably six rows. In addition,
each row can have at least two correction coils.
Furthermore, it is advantageous to provide for the center
of a correction coil to be arranged in a following row, as
viewed in the direction of movement of the metal strand,
exactly between two centers of the correction coils of the

preceding row.

Ni\Melbourne\Cases\Patent\53000-53999\P53413 . AU\Specio\P53413. AU speci.doc 24/06/08
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The advantage obtained with the refinement in
accordance with the invention is that, due to the
staggered arrangement of the correction coils from row to
row {(as viewed in the direction of movement of the metal
strand), the magnetic fields of travelling-field coils for
sealing the guide channel and the

N:\Melbourne\Cases\Patent\53000-53999\P33413.AU\Spec1s\P53413.AU speci.doc 24706/09
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magnetic fields of the correction coils for controlling the
position of the strip in the guide channel are superimposed on
one another to form a common field, which both seals and
controls. The invention avoids the problem of destructive
interference of the fields due to mutually neutralizing magnetic
fields at the boundaries of the correction coils in a row, which

otherwise would no longer allow an influence to be exerted on

- the metal strip in the guide channel for the purpose of

controlling its position.

In the arrangement provided for in accordance with the
invention, the induction fields are superimposed on one another,
and the unwanted effect of destructive interference of the
fields on the side is compensated by the correction coil located
below it in a staggered position. On the lower side of the
inductors, the effect is no longer a problem, since the
controlled region for the column of liquid metal is located in
the upper half of the guide channel and therefore no longer has
an interfering effect in this area.

In accordance with a further development,vit is provided
that at least one correction cqil, as viewed in the direction of

movement of the metal strand, is arranged at the same height as
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each main coil. Furthermore, it can be provided that the
electromagnetic inductor has a number of grooves that run
perpendicularly to the direction of movement of the metal strand
and perpendicularly to the normal direction for holding the main
coils and correction coils. In this regard, it can be
advantageously provided that at least a part of at least one
main coil and at least one correction coil is mounted in each
groove. Moreover, it has been found to be advantageous for the
part of the correction coil mounted in the groove to be mounted
closer to the metal strand than the given part of the main coil.
Special importance is attached to the supplying of both the
main coils and the correction coils with alternating current.
For this purpose; means are preferably provided by which the
main coils can be supplied with three-phase alternating current.
It is especially advantageous to install a total of six main
coils arranged in succession in the direction of movement of the
metal strand (i.e., six rows), which are supplied with three-
phase current thatldiffers in phase successively by 60°.
Furthermore, it is proposed that means be used by which the
correction coils are supplied with an alternating current that

has the same phase as the current with which the locally

10
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adjacent main coil is operated.

Current supply with pulse synchronization over opﬁical
waveguides can preferably be used for the in-phasé supplying of
the main coils and correction coils.

This type of refinement of the invention makes it possible
to operate the correction coils in phase with the traveling
field. Usually three phases of a rotating field are used for
the traveling-field inductors; for the corregtion coils, the
respective single phase of the main coil in front of which the
correction coil is located is sufficient. For the power supply
of the two inductors on either side of the metal strand, three-
phase variable-frequency inverters can be used for the traveling
field; single-phase variable-frequency inverters are sufficient
for the correction coils, specifically, one for each correction
coil. The synchronization of the individual variable-frequency
inverters is of essential importance in this regard. This can
be accomplished in an especially simple way by the
aforementioned pulse synchronization over optiéal waveguides,
which is especially advisable due to the strong magnetic fields
and their stray fields.

The position of the running steel strip can be detected by

11
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induction field sensors, which are operated with a weak
measuring field of preferably high frequency. For this purpose,
a voltage of higher frequency with low power is superposed on
the traveling-field coils? The higher-frequency voltage has no
effect on the seal; in the same way, this does not produce any
heating of the coating metal or steel strip. The higher-
frequency induction can be filtered out from the powerful signal
of the normal seal and then yields a signal proportional to the
distance from the sensor. The position of the strip in the
guide channel can be detected and controlled with this signal.

Studies on the inherent stiffness of the metal strand
revealed a definite improvement of the controllability of the
metal strip with the proposed refinement of the correction
coils. The strip thus no longer has long unsupported lengths in
the area of the inductors, and it thus has sufficient inherent
stiffness to allow its position to be controlled as it passes
through the guide channel.

An embodiment of the invention is illustrated in the
drawings.

-- Figure 1 shows a schematic representation of a hot dip

coating tank with a metal strand being guided through it.

12
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-- Figure 2 shows the front view of an eleétromagnetic_
inductor, which is installed.at the bottom of the hot dip
coating tank.

-- Figure 3 shows the side view of the electromagnetic
inductor corresponding to Figure 2.

-- Figure 4 shows the phase sequence of the electromagnetic
traveling field induced by the electromagnetic inductor.

Figure 1 shows the principle of the hot dip coating of a
métal strand 1, especially a steel strip. The metal strand 1
that is to be coated enters the guide channel 4 of the coating
system vertically from below. The guide channel 4 forms the
lower end of a tank 3, which is filled with molten coating metal
2. The metal strand 1 is guided vertically upward in direction
of movement X. To prevent the molten coating metal 2 from being
able to run out of the tank 3, an electromagnetic inductor is
installed in the area of the guide channel 4. It consists of
two halves 5a and 5b, which are installed on either side of the
metal strand 1. In the elecfromagnetic inductor 5, an
electromagnetic traveling field is induced, which holds the
molten coating metal 2 in the tank 3 and thus prevents it from

running out.

13

7-




The exact design of the electromagnetic inductor can be
seen in Figures 2 and 3, which show only one of the two
symmetrically designed inductors 5a, 5b, which are installed on
either éide of the metal strand 1. As is shown in Figure 2, the
metal strand 1 moves upward past the inductor 5a in the
direction of movement X. The inductor 5a is equipped with a
total of six main coils 6 for induction of the electromagnetic
traveling field. The main coils extend over the entire width of
the inductor 5a (see Figure 3). The main coils 6 are mounted in
grooves 10, which are incorporated in the metallic foundation of
the inductor 5a. The current directions are indicated on the
right side of Figure 2 for a total of five line sections of the
main coils 6, as they either emerge from the plane of the
drawing or enter the plane of the drawing.

To allow the metal strand 1 to be held exactly in the
center of the guide channel 4 in the direction N normal to the
surface of the strand 1 (see Figure 2 and Figure 3) without
hitting the inductors 5a, 5b, correction coils 7 are mouﬁted in
the inductors 5a, 5b. As especially Figure 3 shows, several
correction coils 7 are positioned side by side in each of the

total of six rows 8', 8'', gr'', gri't, grrrir  gitirtt  The

14
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main coil 6, which extends over the entire width of the inductor
5a, and several correction coils 7, which are positioned side by
side, are mounted in twé adjacent grooves 10.

As Figure 3bshows, the coils are arranged in such a way
that the correction coils 7 of two successive rows 8', 8'!',
grrr, grrrr, grrivt  grrritl are staggered relative to one
another. The center of the correction coils is labeled with
reference number 9. As is apparent from the bottom right of
Figure 3, the distances a and b are thé same and indicate the
amount of offset of the correction coils 7 relative to one
another. This refinement ensures that the magnetic fields
induced by the correction coils 7, which contrél the position of
the metal strand 1 in the guide channel 4, cannot destructively
interfere with one other. This allows efficient position
control.

Figure 4 shows the phase sequence of the three-phase
current, as it exists in the six main coils 6 shown in the
drawings. The three phases are labeled R, S, and T. The phase
sequence is R,-T, S,-R, T,-8.

Bach correction coil 7 must be driven with the same phase

that is present in the main coil 6 in front of which the given

15
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correction coil 7 is positioned. The main coils 6 for the
induction of the travelling field are thus driven with
three phases of a rotating field, while each of the
correction coils 7 is supplied with only one phase. The
supplying of the coils 6 and 7 with phase-exact
directional current is realized by means of suitable and
sufficiently well-known variable-frequency inverters,
which must be suitably synchronized, for which purpose
especially pulse synchronization over optical waveguides
is well suited.

It is to be understood that, if any prior art
publication is referred to herein, such reference does not
constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia

or any other country.

Nt\Melbourne\Cases\Patent\53000-53999\P53413.AU\Specis\P53413. AU speci.doc 24/06/08
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List of Reference Numbers

1 metal strand (steel strip)
2 coating metal

3 tank

4 guide channel

5, 5a, 5b electromagnetic inductor

6 main coil

7 correction coil

8', 8'', g1,

grrver, grrrrr,

grrrvnd TOws

9 center of a correctionvcoil 7

10 groove

X direction of movement

N normal direction

a distance between the centers 9
b distance between the centers 9

R phase of the three-phase current
S phase of the three-phase current
T phase of the three-phase current

17
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Device for the hot dip coating of metal strands,
especially steel strip, in which the metal strand is able
to be passed vertically through a tank that contains the
molten coating metal and through an upstream guide
channel, wherein, in the area of he guide channel, an
electromagnetic inductor is installed, which is able to
induce induction currents in the coating metal for helding
back the coating metal in the tank by means of an
electromagnetic travelling field, which induction currents
interact with the electromagnetic travelling field to
exert an electromagnetic force, and wherein the inductor
has at least two main coils, which are arranged in
succession in the direction of movement of the metal
strand, and at least two correction coils, which serve to
control the position of the metal strand in the guide
channel in the direction normal to the surface of the
metal strand and are also arranged in succession in the
direction of movement of the metal strand, wherein at
least some of the correction coils, as viewed in the
direction of movement of the metal strand, are arranged in
a staggered fashion relative to one another perpendicular
to the direction of movement and perpendicular to the
direction normal to the surface of the metal strip.

2. Device in accordance with claim 1, wherein the
correction coils, as viewed in the direction of movement
of the metal strand, are arranged in at least two rows,

and preferably in six rows.

3. Device in accordance with claim 2, wherein each

row has at least two correction coils.

N:\Melbourne\Capes\Patent\53000-53999\P53413 . AU\Specis\P53413.AU speci.doc 24/06/08
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4. Device in accordance with claim 3, wherein the
center of a correction coil in a following row, as viewed
in the direction of movement of the metal strand, is
arranged between two centers of the correction coils of
the preceding row.

S. Device in accordance with any of claims 1 to 4,
wherein at least one correction coil, as viewed in the
direction of movement of the metal strand, is arranged at

the same height as each main coil.

6. Device in accordance with any of claims 1 to 5,
wherein the electromagnetic inductor has a number of
grooves that run perpendicularly to the direction of
movement of the metal strand and perpendicularly to the
normal direction for holding main coils and correction

coils.

7. Device in accordance with claim 6, wherein at
least a part of at least one main coil and at least one

correction coil is mounted in each groove.

8. Device in accordance with claim 7, wherein the
part of the correction coil mounted in the groove is
mounted closer to the metal strand than the given part of
the main coil.

9. Device in accordance with any of claims 1 to 8,
wherein the device includes means for supplying the main

coils with three-phase alternating current.

10. Device in accordance with c¢claim 9, wherein a
total of six main coils are arranged in succession in the
direction of movement of the metal strand, which are
supplied with three-phase current that differs in phase
successively by 60°
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11. Device in accordance with claim 9 or 10, wherein

the device includes means for supplying the correction

coils with an alternating current that has the same phase

as the current supplied to the locally adjacent main coil.

12. Device in accordance with claim 11,

wherein the

means for supplying the main coils and the correction

coils with alternating current has a device for pulse

synchronization over optical waveguides.

13. Device for the hot hip coating of metal strands,

substantially as herein described with reference to the

accompanying drawings.
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