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(57) Abstract

" A hot dip coating pot (2)
having a strip inlet passage (3)
and " electro-magnetic plugging
means to prevent leakage of bath
liquid" from the pot through that
passage, wherein: the plugging
means comprisés’ two ' magnetic
field generators (7) disposed one
on each side of the passage; each

projects an oscillating

from at least two poles of opposite
polarity that are adjacent the
passage and spaced apart in the
through direction -of the passage;
the said at least two poles of
each generator -are respectively
in substantial alignment with
the corresponding poles of - the
other in the transverse direction
of the passage; the magnetic
fields projected by the generators
have flux patterns which are
substantially mirror images with
reference to a plane of reflection
coinciding with a centre plane of

the passage; and both generators

When a strip is present the fields not only plug the passage but also
intended pass line. .
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operate at a frequency of more than seven kxloHenz ‘When no strip is present the fields combine and extend transvetsely of the passage.

provnde restraining forces to prevent deviation of the strip from its




20 thickness control devices, which return surplus liquid coating to the
bath. The coating is then allowed or caused to solidify and the coated

stripis finally coiled for storage, further processing or sale. WO
96/ 03533 ) PCT/ AU95/ 00458 2 The sink
roll, being subnmerged in the bath, operates in a hostile environnment and

thus is a source of trouble and unrellablllty unl ess careful ly maintai ned.
Even when adequately mai ntai ned, unavoi dabl e wear and tear requires its
periodi c repl acenent. Furthernnre, dross is 5 sonetines dragged fromthe
surface of the bath by the strip and may becone attached to the sink rol
and rough alloy growhs tend to. formon the roll's surface. That drass and
t hose grow hs damage the strip requiring frequent shut down of the line for
renoval and repl acenent of the sink roll with a new or renovated roll. Thus
it would be desirable to 10 _elimnate the sink roll. Wth that :
desirability in mnd, it has—been—proposed 10 provide at |east one inlet.
opening in the pot, p05|t|oned beIOM/the_nornaI operating level of the bath
liquid so that a strip to be coated nay;énter the pot,
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‘either horizontally or from below, and depart, either through a sinilar
exit 15 -qiepssip3sssor through the nmouth of the pot, w thout npervAesiomassEhange
in direction of the strip's pass line within the bath. It is of course
“necessary to prevent the outflow of bath liquid through the opening or
openi ngs and various el ectromagneti c pluggi ng neans have been proposed for
t hat purpose. 20 For descriptive conveni ence the surface of the
liquid netal that is supported or otherw se restrained by forces generated
by the el ectro- magnetic plugging neans rather than by a solid conponent of
the pot is referred to hereinafter as the "bare" surface of the liquid
metal . Prior propBETRE@MAGNETIOPEUGGING MEANS FORHOT IR COATINGIPOT? 5
fallen into either of two categories, nanmely those utilising either poly-

phase energi si.ng wi.ndings or nultiple pole electromgnets and WO
96/ 03533 PCT/ AU95/ 00458 3 swi tching
devi ces whi HM [ magnetic fields passing through the liquid or

within the space into which the Iiquid m ght otherw se | eak, and those
whi ch are anal ogous to electric notors utilising either

This invention relates to the pots used to hold baths of moiten
metal for use in thé continuous hot dip coating of metal strip with liquid
5 metal coatings. It was developed for use in the continuous hot dip
galvanising of steel strip, wherein the coating metal is essentially zinc.
However, it will become apparent that it is applicable to any situation
wherein the substrate strip is metal and the coating is a liquid metal, for

* example, hypereutectic aluminium-zinc alloys and other alloys.

10 "+ More particularly the invention is directed to electro-magnetic

- plugging means for preventing the leakage of bath liquid from the pot in

those instances in which the pot has an opening in it that is below the
surface level of the liquid during normal operation.

- BACKGROUND ART

15 | In conventional continuous galvanising processes, steel stri'p, after

- beirg cleaned and otherwise conditioned for the adherent acceptance of

" the coating, is fed from above into a bath of molten zinc or zinc based

= 'ailo‘y.- "The strip passes around a so called "sink roll" submerged in the

bath, then emerges from the bath, and passes between coating

20 thickness control devices, which return surplus ‘liq'uid coating to the bath.

- The-coating is then allowed or caused to solidify and the coated strip is
finally coiled for storage, further processing or saﬁé.



per mmnent magnets or DC or single phase electromagnets in 5 conbination
wWth a t{aayeymese electric current. Al such el ectro- nmagrPEI/AUISN04880i Ng
devices rely on the interaction of electric currents and magnetic fiel ds,
ei ther generated independently or induced one by the other, and the
currents are either DC or power frequen@y and the fields are |ikew se

ei ther steady or oscillating at power frequencies. In both 10 categories

of plugging neaThe sink roifjnbeing submbrged v thédathe operatesuin enhogtileses
t hrough the bath liquid adjacent to the opening to generate restral ni ng
forces t heenvironmentr apdo %d%ﬂe@ﬂ&&gﬁfetﬂ%‘ u@gd nynreiiahilitys uniess; nd

di scussed above.require.relativel | e lies,af com

cl ose asso€REATHEW &lat'waﬂ'?\%dl i Eye@y Pf&fegf Stﬁﬁbﬁn%ﬂtalgﬁg @QY‘ﬂaébLﬁqt and
frequently ts q@%ﬁa [
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the sink roll with a new or renovated roll. Thus it would be desirable to
10 eliminate the sink roll. . _ ‘

_ With that desirability in mind, it has been proposed to provide at

least one inlet opening in the pot, positioned below the normal operating

“level of the bath liquid so that a strip to be coated may enter the pot,

either horizontally or from below, and depart, either through a similar exit

15 opening or through the mouth of the pot, without need for a change in
direction of the strip's pass line within the bath.

It is of course necessary to prevent the outflow of bath liquid
through the opening or openings and various electro-magnetic plugging
means have been proposed for that purpose.

- 20 For descriptive _cenvenience the surface: of the liquid metal that is
'supported or otherwise restrained by forces generated by the electro-
magnetic plugging means rather than by a solid component of the pot is

~referred to hereinafter as the "bare" surface of the liquid metal.

Prior proposed electro-magnetic plugging means have usually
25 fallen into either of two categories, namely those utilising either. poly-
phase energising windings or multiple pole electro-magnets and



“5 the liquid netal, then the current density in the projection becones |
| ess t hanWwO®6/as33r age current density in the bare surface sRENAHSS/04560l e.
.Thus the upwards el ectromagnetic force on the projection is reduced, and
hydrostatic pressure causes it to grow. The nore it grows the | ower WO
96/ 03533 3 PCT/ AU95/ 00458 4 the
restoring force becones until eventual ly the projection breaks away from

the bare suswitebing devitaswhichproyide maying. magnetlctfleids payssmgyhrmha i S
no current thr h, t he the restorj fo dr ops ero,
and the dro ﬁl qa!ﬂ 0f Wﬂi‘@ﬁg’?ﬁ Spac Gp@%‘? F"CF'g quq E'Fn ﬁﬁ e8Kneans

any disturb h e |1 of
aropl et s {r BC (fiosh" SHEhT a8, AioddUs’ sp SHEMS 33?55 @fﬂ%ﬁ’eﬁeéﬁh&
suffici ent gbfidhetCambgnel { of! DENor OSifRe O'pHtisern Bldtto-midets?! lin Such
prior known' proposals thdt operate at power uenci es, produ

l'i qui d wst hcombinatiohh with aaerltans\mrseerelewlcl(burifémts t bAll batih i electrélul ent
at the very p05|t|on where it contacts the strip to be coated, this

t ur bul ence” sragnatic plugging«devices rely oadﬂeqmﬁelraojlom of slecitataurtends and

finished pr Odalfgcnetlc fields, either generated independently or induced one by the

other, and the currents are either DC or power frequency and the fields
are likewise either steady or oscillating at power frequencies. In both

10 categories of plugging means, the magnetic field and/or the electric
current passes through the bath liquid adjacent to the opening to
generate restraining forces therein.

Prior proposed electro-magnetic plugging means of the kind
discussed above require relatively complex assemblies of components in
15 close association with the liquid metal, thus they all operate in a hot and
frequently crowded environment. This leads to design difficulties,
limitations on the size and shape of the openings that may be plugged

and low operating life expectancies.

. Those prior proposed plugging means all suffer from operating

20 deficiencies as well. For example, those which use DC currents flowing
‘between ' electrodes in contact with the quui'd metal, for example to
geénerate a lifting force in the liquid to prevent it falling through a strip
inlet -opening in the floor of the pot, are inherently unstable. If an
adventitious localised downwards projection forms in the bare surface of

25 the liquid metal, then the current density in the projection becomes less
than the average current density in the bare surface skin as a whole.
Thus the upwards eléctro-'magnetic force on the projection is reduced,

and hydrostatic pressure causes it to grow. The more it grows the lower



Finally, it should be nmentioned that the devices under discussion have or
produce pRyWwg/d3¢33 negneti c pol es adj acent the opening, thesgegayossvsss act
with ferrous substrate strips tending to attract the strip towards the

pol es. Any adventitious deviation fromthe central pass |ine towards one
pol e and away from another causes the atgraction of the strip towards the
one pole to increase and that towards the other to decrease, so producing a
devi ating tie cestdrir foree besemed, tunti Qevenmanﬁ&he @prd?e@tiﬁn Drealld wwaye.
situation is clearly inherently unstable. In the event, successful

oper at i on. fiorh thecbare tsurface-asi acdropieicof ibath diquid. r Alffteerbreaking away
positioned cl osely adjacent, to the opening,. and an objectionably high

tensi on t otfRIeiS ﬁpa‘i‘tﬂféﬁnﬁ- throng ﬁ'ﬁ B@B‘e r he-FesteEngataren, on, it drepsto whi ch

orher der 2Pt b B WoaletefSishFGugi e anepit. fnfled) 1A 3hehChRBAY, no”

~ devicesg s j : ) :
B, Omﬁ%‘dr@fﬁlfsmn nce JHHPbERS arface usually leads to continuous

PCT/ AU95/ w despread acceptance or® use wthi metal
coating i ngaint of-droplets from- it, in that the break away of each droplet may

cause sufficient disturbance to initiate the formation of another.

Also, all such prior known proposals that operate at power
frequencies, produce flows of liquid within the bath adjacent the opening. : ‘ .‘
10 Thus the bath is turbulent at the very position where it contacts the strip
to be coated, this turbulence seriously degrades the surface quality of

the coating on the finished product.

Finally, it should be mentioned that the devices under discussion

- have or produce powerful magnetic poles' adjacent the opening, these

15 interact with ferrous substrate strips tending to attract the strip towards

the poles.. Any adventitious deviation from the central pass line towards

one pole and away from another causes the attraction of the strip

towards the one pole' to increase and that towards the other to

decrease, so producing a deviating force which increases with

20 increasing deviation. Thus the situation is clearly inherently unstable. In

the event, successful operation with steel strip requires expensive guide

rollers to be positioned closely adjacent to the opening, and an

objectionably high tenéion to be maintained in the strip to prevent
deviation, a tension which is not readily attained in practice.

25 in view of the foregoing and other deficiencies of what may be
termed zero or power frequency plugging devices, such devices haye



One other prior proposal has been suggested, nanely the use of a high
frequency, woewio3sast i ng, but spatially stationary el ect r omagneCi/auss/ooiss:| d,
Jositioned so as to exclude the bath Iiquid fromthe pot opening. This
proposal relies on the fact that such a field generates high frequency eddy
currents within the bath. Due to their hidgh frequency the eddy currents
flowonly in a thin surface layer of the liquid (the so called and well

known "ski n. mbt efound widespread: iaoceptaneenor haseuwithie tife metakntcatimgl
the field is, one of nutual repulsion, and at sufficiently high frequencies
the field isindusdtf.i vel y excluded from penetrating the liquid. In those
circunstances the field behaves as a resilient cushion that may be

di storted or conpressed by the bare liquid surface but resists penetration

of the liquid int : ' ahl & MSE | rce
is perpendi cul ar gﬁ%]?éﬁgﬁﬁgPEWﬁ lrﬁeh% PE)?BI ?Hgge%@q’ @TP@?H%%% B\)g
bare surf acegohigtefréqueney @sématingr,omr-tspwanyt@mmwygemtmtnmgmrdIon
or conpression of the fiel d. Thus, unlike [ower frequency interactions, the
si t uat i onbi sfield)epesitionest sdlas tonextladeathen hatintliquid fsomr the: qctooperinghe
liquid surface into the field space produces a |ocali sgig 20 distortion of

the field andhish peaRAgRingelies i ABr daeetrdtodhat ssurch ea; lchcgeneratas: iigh
LSt on. e B ook bublAy R SARRCHR bBT K1) 1§ 468 Wil Fequener the.

‘induced in tRgdy currents flow only in a thin surface layer of the liquid (the so called

- and well known "skin effect'). The reaction between the surface

10 currents and the field is one of mutual repulsion, and at sufficiently high

| frequencies the field is effectively excluded from penetrating the liquid.

In those circumstances the field behaves as a resilient cus_hion that may

- be distorted or compressed by the bare liquid surface but resists

penetration of the liquid into the space occupied by the field. The

15 resisting force is perpendicular to the direction of the flux lines of the

field and the bare surface of the liquid, and is proportional to the degree

of distortion or compresSion of the field. Thus, unlike lower frequéncy

“interactions, the situation is inherently stable, in that an adventitious

projection of the liquid surface into the field space produces a localised

20 distortion of the field and an accompanying increased Ilocalised

resistance to further intrusion.

- Furthermore, in the absence of electric currents or electric-fields
within the body of the bath liquid there is no turbulence induced in the
liquid by the operation of the plugging means.

25 - Thus, high frequency plugging means overcome the major
deficiencies of zero or low frequency plugging means, but they are
subject to their own inherent limitations.



liquid by the operation of the plugging neans. 25 Thus, high

frequencyoilslegsssng neans overcome the major deficiencies gicrifrssnosss ow
frequency plugging neans, but they are-subject to their own inherent
limtations. WD 96/ 03533 '

PCT/ AU95/ 00458 6 In particular a high dgnsity magnetic field is required if
sufficient force is to be generated nornmal to the bare liquid surface to

resist the hydrgp 'iéulareéwgﬁlééﬁify? rﬁﬁ?ﬁéﬁéﬁﬁeld isi aguirets iR buffitiontf a

depth sufficient to enable a Teliable continuous strip coating operation to
5 proceedforgeiis tonbeugeneeaped nermaiocther bareg diquidtsurtaceito sesist thieaces a
prem umon the use of pot and pot openi ng shapes, and diq;n I ops that

r

B soanikimiofssiiniichg ettt
i (r)ral I rgl :3?%&'8&%“7'239 PF'?Q I rgp"ﬂ@#n@f‘hf@ﬁﬂh P p#ﬁ%ﬂlﬂgnbﬁﬁﬁﬁaﬁ g@m res
s P82l THIF W Sy i ot ey ol andlages e
sinple f Orﬁ’rérhidihgdsn the use of pot and pot opening shapes and dimensions that
minimise the extent of the bare liquid area to be supported or otherwise
restrained. This at least requires the strip inlet opening to provide only
small clearances for the strip passing through it. This, in turn, requires
10 precautions to ensure that the strip does not deviate from the intended ‘

pass line to any great extent.

A coating pot provided with a con'céptually simple form of high
frequency electro-magnetic plugging means is disclosed in Japanese
patent No.04-099160 (Nippon Steel). - In this instance the "pot" is a

15 hollow, rectangular prismatic cell of silicon carbide some 100 mm wide
with a slot some 20 mm wide in its floor. A steel sheet moves upwardly
through the slot and through a galvanising bath contained in the cell.
The lower part of the cell is surrounded by a solenoid coil that is
energised at 20 kHz and has a vertical centre plane coinciding with that

20 .bf the cell. The slot is set to one side of that centre plane. This is
described as causing -the lower part of the bath liquid to be pushed
towards the centre plane of the cell clear of the slot but leaving the
upper part of the bath unaffected. A steel strip to be coated is shown
tfavellirig_ upwardly through the slot and through the upper part of the

25 bath. '

| Bearing in mind that the 20 kHz field would be effectively
excluded from the bath and the strip, it is clear that the field of this
device would be asymmetric with regard to the strip in a critical zone



frequency el ectromagnetic pluggi ng neans is disclosed in Japanese patent

No. 04- 099 Widodddsygon Steel ). In this instance the "pot" is RCLHAUIOI4EDW,
Jectangul ar prismatic cell of silicon carbide some 100 nmwide with a sl ot
'some 20 nmwide inits floor. A steel sheet noves upwardly through the slot
and through a gal vani sing bath containedZn the cell. The |l ower part of the
cell is surrounded by a solenoid coil that is energised at 20 kHz and has a

vertical ceihmediately aboveithengloti t Indéed betause ohdheeshielding effett iof set
to one side of that centre plane. This is described as causing the | ower

part of thethRustripithere wqulg‘ab%mdmwaaw field an:the dngidene! the strép tel |
cteel strippLEnone YouishBac ﬂte%‘oﬁ tﬁéﬁﬁéwd%ahé 153 Fimadiaiy @O e and
Hé?gg\%hrg piﬁ@%t#’rﬂ ;ﬁl%)@ ude romgt9 etr&gtehﬂéérihpﬁémé H&%’lz@ Fﬁg
glt ?;’i[) Itﬂsg ?rblﬁt\llblcgt‘llé'l;ﬁréédl"és\%ﬂg%% \é\gghlﬂ eeafey SUHStaAtidl out’ 60Jdaheet he
PCT/ AU95/ 004dteral forces on the strip requiring special arrangements and
objectionably high tension in the strip to reliably maintain the strip out of
contact with the walls of the narrow slot, (ii) the deficient field adjacent
the inside of the strip would allow liquid to fall through the slot on the
10 inside of the strip, and (iii) the large, bare surface area of liquid would
require a large volume, high density field with consequent high power
requirements for the generating coil. It might be?thought that (i) and (i)
would be overcome by centralising the position of the slot. Indeed that
may remove the out of balance force on the strip produced by the
15 plugging field and may prevent leakage when a strip is present in the
slot, but would still leave the strip free to move laterally from the pass
line. More importantly the naturally densest part of the field within the
bore of the coil is substantially vertical and so is not well oriented to
provide a vertical restraining force. Thus, in the absence of a strip,
20 restraint wouid depend on the relatively lower density diverging field at
the top end of the solenoid. This would necessitate a very high power
coil producing an unnecessarily dense field overall if leakage is to be
efficiently prevented. '

DISCLOSURE OF THE INVENTION

25 An object of the present invention is to provide a hot dip coating
~pot with high frequency electro-magnetic plugging means that
overcomes at least the above mentioned deficiency (i) of prior proposed



| medi atel y above the slot. Indeed because of the shielding effect of the
strip thewesuwnsssl be very little if any field on the insidecDAUBSID4SE rip to
push the liquid back fromthe inside of the strip inmediately above the
~slot. This prior proposal would have three major deficiencies, (i) the 5
above nmentioned asymetry woul d create $ibstantial out of balance |ateral
forces on the strip requiring special arrangenents and objectionably high

t ensi on i nhigke frequency etectsoimpagaeticaliyn phegged i pots,t aod donpaeferveéd h t he
walls of the narrow slot, .(ii) the defigient field adjacent the inside of
the strip RRPAMets ¢d§}ﬂ$@§€e€‘aﬁﬂ°ﬂﬂ'iﬂwﬂe slot on-the 10 inside of
the strip, and (iii) the large, bare surface area of liquid would require a
| arge vol unme, high density field with consequent high power requirenents

for the generatifpg ﬁﬂiéntidrﬁa%%s%a"tg@]?ﬁl; bg:]gtbqu%%?ggggﬂg mEdH of €

overcome by centralising the position may renove

the out of thel highe ffeguenoyn type whichp m'oviﬂe:estabmstﬁ f@EcesﬂonJQhegsfri;gl d
n

and may prevent | eakage when a strip is present i e slot, but woul

still | Gavtendingsta prevest it fiomwieviating drom its dnterded> passi line thraugh
col 2" b g e ARG it i o Kenont ket o
voul ddepefie JhHchesBLI, T Shssrbe; 8 R, SFR Sor Aot iy PlubBd.' 2o

of the sol ¢S of that W.d necessitate a very high power

The invention consists in a hot dip coating pot having a-strip inlet
10 passage and electro-magnetic plugging means to prevent leakage of
- bath liquid from the pot through that passage, wherein:
the plugging means comprise two magnetic field generators
: 'disposed one on each side of the passage; ' _
each generator projects an oscillating magnetic field into the
15 passage from at least two poles of opposite polarity that are adjacent
the passage and spaced apart in the through direction of the passage;
the said at least two poles of each generator are respectively in
substantial alignment with the corresponding poies of the other in the
transverse direction of the passage;
20 . the magnetic fields projected by the generators have flux patterns
“which are substantially mirror images With- reference to a plane of
reflection coinciding with a centre plane of the passage; and
both generators operate at a frequency of more than three
kiloHertz.

25 - __ As a. result of their mirror image fiux patterns .and -mutual
registration, the projected fields provide identical repulsive forces on
opposite sides of a céntrally positioned strip, if one be present in the

i
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‘coi | producing an unnecessarily dense field overall if |eakage is to be
ef fici ent Wope/essaht ed. DI SCLOSURE OF THE | NVENTI ON 25 PCI/ATI9S/09458 O
the present invention is to provide a hot dip coating pot with high
frequency el ectromagnetic pluggi ng neans that overcones at | east the above
ment i oned deficiency (i) of prior proposél WO 96/ 03533

PCT/ AU95/ 00458 8 hi gh frequency el ectro-nmagnetically plugged pots, and
preferred epassagent slfathevstipe daviates dram the ) cenise cof .thenhpassage: itbe

i chprovi aecidal catebessionarufe 1R of one Sicg and The eFpansia of the

devi ating
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i nventi on consi sts

ot dip coating pot having a strip I

passage &ndcentre positipmeti ¢ pl uggi ng means to prevent |eakage of
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To project a magnetic field, any magnetic field generator
necessarily has at least two spaced apart magnetic poles. The poles
are necessarily of opposite polarity at any instant and the projected field
extends from one to the other along part of an endless flux path. Those
poles may be real (solid bodies from which the field emanates) or virtual
(a spatial location from which the field emanates). Therefore, to project
mirror image fields into the passage in accordance with the invention
each generator must have at least two poles of opposite polarity closely
adjacent the passage, spaced apart in the through direction of the
passage, and in alignment with the corresponding | poles of the other
generator, as aforesaid.

However in preferred embodiments of the invention there is a
further limitation, namely that the pola‘ritges of the respectively aligned
poles be such as to ensure that when no strip is present in the passage,
the projected fields 'combine, and the combined field extends
transversely of the passage from each of the poles of one generator to
theé corresponding pole of the other generator.

By using two high frequency generators as  aforesaid such a
change in field pattern is made possible. This change provides the
major benefits of the invention. In .one pattern the combined field
extends transversely of the passage and is ideally positioned to plug the
passage when it is open for its full width due to the absence of the strip.

f

in

type
from



bath liquid fromthe pot through that passage, wherein:
conprise wowswasgpsetic field generators di sposed one on eaclpcavsEsnbasghe

passage; each generator projects an oscillating magnetic field into the 15
passage fromat |east two poles of opposite polarity that are adjacent the
passage and spaced apart in the through1rection of the passage;

at least two poles of each generator are respectively in substanti al

al i ganment Wik the btheropatteny tiie If'@ld@leeﬁemmgwwymre'basshgetdrﬁ@av:hr§ide '

direction of the passage; 20 the magnetic fields projected by the

generators

kil oHert z.
mut ual regi

f ofatie fstip pot tcu:llnsremaaﬁve_he dug sthennamaw passage ismgmsfm h
passage: - areRdbHdE Bt dhe e Olgpgr%a%?ﬁ#ﬁ'%“a%%?f%&ﬁ%%?ﬁlﬁ:
6B, nfot pesFade SEH siodle. 1l rdfig o HFaw inieh HRsilliy B8

t he pluggi ng neans

the said

forces o W%@s@xgﬂﬁlm t8nSRN inftHe/ st tioned strip, if one be present

in the WO 96
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The invention also extends to a continuous, hot dip, strip
galvanising line or like metal coating apparatus, wherein the coating pot
is a pot according to the invention. |

In conventional coating lines the pot is necessarily large enough to
house the sink roll and allow it to be partly or fully submerged in the
liquid coating metal. An advantage of the present invention is that the
pot may be made very much smaller than has been possible hitherto.

-~ Thus the term “pot" as used hereinafter includes small but elongated

15

trough-like containers somewhat different in shape and size from the

normal concept of a conventional prior art pot, although fulfilling the
same function as before. |

BRIEF DESCRIPTION OF THE DRAWINGS.

By way of example, several embodiments of the above described

. invention are described in. more detail hereinafter with reference to the

20

accompanying drawings.

"Figure 1 is a diagrammatic sectional view of a bottom portion of a
coating pot according to the invention showing a ‘magnetic field pattern
established in the absence of a strip to be coated.

PCT/ AU95/ 00458



Y passage. |If the strip deviates fromthe centre of the passage the

addi t i onawocs®psadssi on of the field on one side and the expR@EAUIS/IB#58t he
field on the other increases and decreases the repul sive forces
respectively to produce a restoring force tending to return the strip to
the 5 centre position. To project a magnktic field, any magnetic field
generator necessarily has at |east two spaced apart magnetic poles. The

pol es are necesshigure 2fs @pyiew simjar o ifigurati sﬁpwimgtthetstmject matteroptct ed
field extends from one the other gl ong part of .end] ess flux path.
Those 10 phadsfigere l?é"‘i 2@9 (r@égnqepoo. QasPémeﬁ'\ ﬁﬁt%ﬂ'ﬁ?'lﬁd when %rﬁtﬁﬁt ) or
virtual (a &%%tlrﬁ‘li | ocation fromwhich the field emanates). Therefore, to
project mr 9 ge fields into the passage in accordance with the

i nvention each generator nust have at |east two poles of opposite polarity
cl osely adj acent the passage, spaced apart in the through direction of the
15 passage, andFigurel Boismanperspectives viewr et gopairnof eleetsontagrieticofiekt
generator, as aforesaid. However in preferred enbodinents of the invention
there i sBa generafing coilsbeing companents of thepebotfigured. of the
respectively aligned poles be such as to ensure that when no strip is
present in the passage, 20 the projected fields conbine, and the conbi ned

field extends  maire 4 is a view similar to figure 3 of an alternative pair of colls.

Figure 5 is a diagrammatic sectional view of a bottom portion of a
coating pot according to another embodiment of the invention showing a
- magnetic field pattern established in the absence of a strip to be coated.

10 - Figure 6 is a view similar to figure 5 showing the subject matter of
that figure and the magnetic field pattern established when a strip is
present.

‘Figure 7 is a diagrammatic sectional view of a yoke and strip,
being components appearing in figures 5 and 6 drawn to a larger scale,
15 showing dimension indicia as referred to elsewhere in the description.

Figure 8 is a view similar to figure 6 oif another embodiment of
- the invention. S
BEST MODE OF CARRYING OUT THE INVENTION

As shown in figures 1 and 2, a hot dip coating pot in a continuous

20 strip coating line contains a bath 1 of a molten metallic coating material,
- for example zinc or an aluminium-zinc alloy. The pot has a fioor 2 with

a downwardly directed duct3 of generally rectangular cross-section



transversely of the passage fromeach of the poles of one generator to the ~
correspowipngo3sas e of the other generator. By using two hi BOT/Avesomssy
generators as aforesaid such a change in field pattern is nade possi bl e.

This change provides the 25 nmajor benefits of the invention. 1In one

pattern the conbined field extends tran$2ersely of the passage and is
"ideally positioned to plug the passage when it is open for its full wdth

due to thedgiininga sfrip Hnlettpagsage 4\[Woviding=3éarance for the entry into the
PCT/ AU95/.00458 10 In the other pattern the fields extending along the

passage onp@i&f ametabstimé tﬁat is tadie emated.espectivel y plug the narrow
passage spaces on each side of the strip but also react with the strip to
maintain it central of the i nl et passage as a whole, thus enabling a narrow |

nlet passage tahe hipWed GiABA b BILOMICRORY 1 ERSHS 1A ot Ham

I nvention al so drp, s rip galv I'ne or
l'ike metal beew! aﬁdatraeemuwamprthrmgheu@uamg PoPribe to ?@écﬁﬁgom ng to

the invention. In conventional coating |ines the pot is necessari | ar ge
enough 6o passage 4 the strip 5 may be cleaned and otherwise condmoned in
conventional manner to receive the coating. Thus a steel strip, for
example, would normally be pre-conditioned and fed in a conventional
manner from a heating furnace having a controlled reducing
atmosphere, through a hood (not shown) likewise containing a reducing ‘
10 or at least inert atmosphere 6, into the passage 4. Having emerged
from the bath 1, the strip 5 would be treated, aiso in a completely
conventional manner, to become finished_product. Therefore, apart from
the provision of rolls to bring the strip to the pot from below and the
shape of the mentioned hood, the line equipment downstream and

15 upstream of the coating pot may be conventional in all respects.

- The pot may be made from a ceramic or other refractory material,
for example a titanium stabilised alumina, silicon carbide or boron
 nitride.

Two high frequency magnetic field generators comprising coils 7
20 are respectively disposed on opposite sides of the duct 3. Those coils
. may, for example, be optionally one or other of the coils illustrated in
figures 3 and 4. They are shown in section in figures 1 and 2, the '
section being taken on line X-X appearing in figures 3 and 4.

In each instance, each coil 7 is a single turn comprising an upper
25 coil side conductor 8, a lower coil side conductor9 and a coil end
conductor 10. The coils are connected fogether by interconnecting



10 house the sink roll and allowit to be partly or fully subnerged in the
liquid coaMOR§OABBal . An advantage of the present invention ?@’é&?ﬂooﬂ-ﬁ’e pot
.y be made very nuch smaller than has been possible hitherto. Thus the
~term"pot" as used hereinafter includes snmll but elongated trough-1like
cont ai ners sonewhat different |n shape antP size fromthe 15 normal concept

gfﬁ{)g&gon\éemn%é)nﬁl Erl%c]??;éﬁ ?fé\/\whfulfllllnﬁjthe g%fél\'}étlon as
her el nat ter STIEr B ance 7o PRS SRUKES,  SlreHdBERE Y, tﬁ% f@?@ﬂiﬁe‘}%
di agramat | Ccérﬂﬁété?@ﬂ1Vafé“’§ﬂfchatﬁﬁ?(t?'f§e7|\\§8rééll§"a?é iA ?éaé‘ciﬁ%@ ”9

to the invention showi ng a magnhetic pattern esta Ilshe In the

absence of digune 4 arcamgelltmltdﬁe coilsvarediil paraitel.
PCT/ AU95/ 00458 11 Figure 2 is a viewsimlar to figure 1 show ng the
subject matter of that figure and the magnetic field pattern established.

when a Stéi pis In both instances the coils preferably extend rigidly as self
supporting cantilevers from the terminals 13. To that end the coils may
be fabricated from copper tube, preferably tube of non-circular cross
section such that each of the coil side conductors 8 and 9 presents a
broad flat face towards the adjacent surfaces of the pot and duct. For
10 example, the coils may be fabricated from hollow rectangular section
(HRS). The joints between conductors in the coils are preferably brazed
with bronze alloy. |

The terminals 13 may be lengths of copper tube adapted to be

clamped by pipe clamp formations in or on rigid supply bus-bars

15 extending to a high frequency power supply transformer. The terminals

may be internally threaded at their lower ends, as indicated at 14 in

- figure 3 where a part of the terminal has been cut away, to receive

coolant supply hoses (not shown) whereby coolant may be circulated
through the coils 7 while they are in operation.

20 From the foregoing it will be clear that the instantaneous current
direction in the two upper coil side conductors 8 is always the same.
Likewise the instantaneous direction in the lower coil side conductors 9

- is always the same and always in the opposite direction to that in the
upper conductors.

25 Thus the coils are of the same polarity, and each coil 7 may be
regarded as having three virtual poles that are spaced apart in the



present. Figure 3 is a perspective view of a pair of electromagnetic field
5 gener aWmgee3s83 s, bei ng conponents of the pot of figure PCTAUGSOM@SS! is a
viewsimlar to figure 3 of an alternative pair of coils. Figure 5is a

di agrammati c sectional view of a bottom portion of a coating pot according
to anot her enbodi nent of the invention 3#owi ng a magnetic field pattern

established in the absence of a strip to be coated. 10 - Figure 6 is a
view simil Mngmudmghr directionni of tthe spagsage dat tramely t fthe fragior atdl t he
magnetic field pattern estaéished when,a strip resent. Figure 7 is a

di agr ammat imediately,above,the HPPek Ccalhsider8ip, t"‘ﬁe 8giogo 16 okemediatelyar i ng

ot orrea « DRSO b SR B R Fegipn, 7 3 &% EERNGFhe B, °°
rgure 5 OmherfRide i Igupoiésﬁbeghgv%t Wil alWeys YePin & (Rmonc o7

THE | NVENTI own I n es 1 an a hot |p coating p
cont i nugus ditectibni %say;aat rgy $pevific dnstants teward$ theofpa'ssante)ﬁ and dield c
a

coating material, for exanple.zinc or an al um niumzinc . The pot has
a floor 2 fiarn virtualpale 7wl bednébeommoste)dlrgshena(atihabmsaaghlaway

cross-sect Ifrct){r]n the passage 4), as indicated by arrows on the flux lines shown in
figures 1 and 2. Virtual pole 17 may be regarded either as a single pole

having twice the -strerigth.-of each of virtual poles 15 and 16 or as two

10 closely adjacent poles which are the respective counterparts of poles 15 ‘

‘and 16.

In the absence of a strip 5, the close proximity and mutual
registration of the corresponding poles of the two generators, which with
the simple air cored identical coils: of the present embodiment equates

15 with the axial alignment of the coils, ensures that the électromagnetic
fields generated by the coils links both coils. Also, for the same coil
current, the transverse component of the field would have a Value equal
to twice that produced by either coil acting alone. '

More importantly, in the absence of a strip, the registration of

20 poles 15 ensures that a portion of the field extends from one to the

other transversely of the passage to provide a barrier to the descent of

liquid from the bath through thelpassage. This may be seen in figure 1,

wherein, although the relevant flux lines are seen to be bowed

downwardly where they cross the passage in response to the liquid

25 pressure, the repulsive force on the bare surface of the liquid is still
primarily upwards.

3
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defi ni ng wosdeia3sss nl et passage 4 providing clearance for thpCcEAUDs00488 O t he
Jpot of a netal strip 5 that is to be coated. The strip 5 is guided by rolls
(not shown) to enter the pot from bel ow and travel upwardly through the
bath 1. Prior to reaching the 5 passage #5the strip 5 may be cl eaned and

ot herwi se conditioned in conventional nmanner to receive the coating. Thus a

steel strip, forlrexgeneml temns, rsincel the brepulsiveorforces rivetweeh f ad high a
conventlonal manner from a heat| ng _furnace having a caontrolled reducin

at rmsplhere frequeng tiekbaad the liguidware ekieative abmaulnter@a@e rafdthe figido i
t t t .o 4 t
bath 1, neatfr e BOGREMIR,Bnf 138 doic 47 B8 RORS, Ta et if SiEibesecte fe
e o5, B UG LBNAISHY el ebsesicibe st o Ao beupait of ©

ment i oneg héadh 6frthérmthat ArePmatéssnitp Shreyistendn ithe lopriitudimalodiréSion

coating pot nay be conventional in all respects. The pot may be nade froma
ceranmi ¢ or of the paSs'ageor 37!' hus eln dhis and otherpembodimentsu avingigimpiel
al um na, siligcon carbi d? oro
coils as the field generators the coils are disposed so that at least their
upper coil side conductors are in register with each other in the direction
of strip travel, that is to say, assuming the strip travels vertically through
10 the duct the upper coil sides lie in the same horizontal plane.
Specifically, the lower coil sides could be more remote from the
passage, for example they might lie in the same horizontal plane as the
upper sides if desired. In other embodiments the arrangement may be
further varied to maximise the field at the lower position of poles 17 and

15 to use the field from these poles for levitation of the liquid.

This complementary polarity and the mutual registration of at least
the upper coil sides are significant features of the present embodiment
of the invention, in that, in the absence of a strip, it maximises the
horizontal component of the generated flux intersecting the duct

20 ' immediately below the fioor 2 of the pot. This in turn maximises the
levitating force acting on the bare surface of the liquid metal 1 at the
mouth of the duct.

The coils 7 are energised from a preferably constant magnitude,
alterhating voltage source at a frequericy of at least 3 kHz and
25 preferably-in excess of 7 kHz.

If the strip 5 is present the field from each generator coil is
substa'ntially restricted to that part of the passage and strip on its side of



nitride. Two high frequency magnetic field generators conprising coils 7 20
are resp®P6/e3533 di sposed on opposite sides of the duct 3. PCHATOS/00458 s nay,
for exanple, be optionally one or other of the coils illustrated in figures
3 and 4. They are shown in section in figures 1 and 2, the section being
taken on line X-X appearing in figures 86and 4.- In each instance, each coi
7 is a single turn conprising an upper 25 <coil side conductor 8, a | ower
coi | - si de . thendenire plane of ahe.(stripen'ﬁhecgej\erad:ed fieldsteen @doptahe mimoect ed
t oget her by intercgnnecti.n . 96/Q3533 . ..

PCT/ ALD5/ OlM8ge 10aHBHA, Shoven 10 tigire2e whereip thgpfield frameach pole 15

o ond o Bpede R 8 o AR ArsdS ABECHRALIPS e oxm,
uner eas | MGriuldiiey. of eSpaSgREe 4ds 89K Tor'f WRIENEblforeStyming |

canti | eger agairto deparemoreadsiess transvérsely frdom theqrassageto pelé 4. i cat ed
from copper tube, preferably tube of non-circular Cross '

‘The fields projected by poles 15 and 17 then serve to plug the
passages on each side of the strip. In this regard it should be noted
that the field penetrates the strip, albeit to a very small depth, so that

- the strip and field together provide for the complete containment for the ‘

10 liquid.

_ The magnitude of the energising voltage needed to plug the

- passage in any instance depends on the physical parameters of the

installation, (for example, passage width, strip width, number of turns in

energising coil etc.) and on the liquid pressur'é. The last mentioned

15 depends on the density of the coating material and the depth of the
bath. '

- The frequency of the power supply is chosen to produce an

optimum balance between conflicting effects. At higher frequencies the

~ so called skin depth of 'th,'e coil conductors, that is to say the thickness of

20 the surface layer to which the current is largely confined, is reduced and

the coil resistance becomes higher. This leads to higher resistive

- losses. On the other h_and_, the repuisive force on a conducting body, in

this instance the coating liquid, rises as the eddy currents in it become

more nearly confined to its surface, that is as the frequency rises. The

25 cross dver point between attraction and' repulsion of the steel strip
occurs at a frequency within the range of from 3to 7 kHz. Thus .

- frequencies in excess of that up to'abo_ut 100 kHz are preferable.

“



section such that each of the coil side conductors 8 and 9 presents a broad
flat face WORMPIHI3t he adj acent surfaces of the pot and duct PCIAUIBEG04SS
exanple, the coils may be fabricated from holl ow rectangul ar section (HRS).
The joints between conductors in the coils are preferably brazed with
bronze alloy. The term nals 13 nay be Ieﬂ@ths of copper tube adapted to be

exteni ng 2 ngG daeRc eBheRteph ol o dher elad et reshactveny
where & par pvoaégrﬁﬁf’fcﬂvﬁftné?edxae&%%é}?&auﬁ oty EER, o fhe. s é%bre i
noses (ot - ik Wile6P imags6H Bth B, 'HRHY U HHBiddtSR IPkb In

while they are in operatlon on1t e foregol ng ear

that the ingg by poleset® and €@ ialsoi tohtributeo toptive restoring dforces
conductors I's al ways the sane. Likew se the instantaneous direction in

t he | oned cqreventingcthel stripr passi inal frags deviatingefran thewdesired centre
opposite direction to that in the upper conductors. 25 Thus the coils
are of the PORMIONY arity, and each coil 7 may be regarded as having three
virtual poles that are spaced apart in the .

The coils 7 may be effectively in air or other non-magnetisable
medium as illustrated. Alternatively the generator coils may be partly
externally enclosed in C-sectioned magnetisable shells. Such shells

10 increase the magnetic flux for a given energising- current which is
advantageous, but also increase the inductance .of the coil, which
requires a higher energising voltage and is disadvantageous. Thus, if
shells are present, a design balance has to be struck to optimise the
efficiency of the plugging means.

15 Figures 5 to 7 illustrate another preferred embodiment of the
‘invention, wherein each of the field generators is in the nature of an
electromagnet comprising an energising coil wound upon a ferro-
magnetic, preferably G shaped, core.

In this instance, the pot may have a floor 20 that is thick enough

20 to enable two, high frequency magnetic field generators 21 to be housed

~ within elongated recesses formed in the confronting faces of the floor 20
that define the pot's strip inlet passage 22.

Each of the generators 21 comprises an energising coil 23
encircling the web of a C- or G-sectioned ferro- or ferri-magnetic

25 core 24 and, preferably, copper or othér- non-ferrous electrically
conductive shields 25 and 26. Those shields constrain the high
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| ongi t udiwabe/ssect i on of the passage 4 nanely the regi onPCI/AUBSIOMASS at el v
above the upper coil side 8, the region 16 i mediately bel ow the | ower coil
side 9, and the region 17 at the centre of the coil. The fields from
virtual poles 15 and 16 will always be 18 a cormon 5 direction (say, at a
specific instant, towards the passage 4) and field fromvirtual pole 17

wi il be in frequengpsnagnetic dieldoso( thatt vistualiy salbof thevfigldsr generatedabyage
4), as indi catedH‘gi/2 arrows on,the flux, lines show in figures 1 and 2.

Virtual poltBe16oilg 23 Emneree dframithgeelongates eng faces €7h andh 28 wicdhene

pol o5 whi cIPOIPS 2dre T@é%é%@%’%iﬁ%%@ﬁg flerftarbthe; hoifs 137 te, Haid ™™

absence of q'? f the close proximty and nutual registration of the
corresponditg pol es o the two generators, which with the sinple air cored
I dentical coils of the present enbodinent equates 15 wth the axial
alignnment of the coils, ensures that the el ectromagnetic fiel ds generated
by the &ils |ifkachooh the coilsiTsis energised skiem cai preferablyt common,

transverse co nt of the field would hayve a val ue equal wi ce that
pr oduced bprg*rqpr y genstant; magnituge. alternating vo\ftage source a& frequency

in excess of 7. kHz. They are connected to the source so as to produce
the preferred polarity, such that when one pole 27 is a north poie the |
other is a south pole and vice versa. : ‘

10 Under those circumstances a flux pattern as shown in figure 5 is
produced if and when no strip is present in the passage, whereby the
field extending between poles 27 plugs the passage 22, and the field
extending between poles 28 plays no direct part in the operation of the
pot, other than to complete the flux path.

15 When a strip 29 is present the flux pattern assumes that shown in

figure 6, and it will now be clear from the description of the figure 1

embodiment that this not only plugs the passage but also centralises the
strip in the passage 22.

Each side of the passage 22 is lined with a non-metallic refractory

20 or other heat resistant, --.insulatory face plate 30, that provides a barrier

between the molten metal of the bath 31 and the upper parts of the
shields 25 and cores 24.

Various aspects of the design of the components of this
~ embodiment are discussed below.



More inmportantly, in the absence of a strip, the registration of 20 JJ
15 ensur esWOWa033portion of the field extends from one to tE{/ANI$OP458
transversely of the passage to provide a barrier to the descent of "liquid
fromthe bath through the passage. This nmay be seen in figure 1, wherein,

al t hough the relevant flux lines are seenlf0 be bowed downwar dl y where they
cross the passage_in response to the liquid 25 pressure, the repul sjve

fo/r ce on the bar eE8Gh; £08e R4 tife MAQRI Qgi% law | lossy irﬁatanqlogexgigjsa highyo
96/ 03533 - . . . PCT/ A 45 I 0.
general ter n@?"EPﬁPE“Y h@nfieﬂmgi %tu[rg'pg@s "b%%%téﬁ?tﬁi ;%5 (4rr ml@'f F'LQI'H

i he 1o e N . : i
"o only HEnSh RIS, | MBcREtE MetANE! bRESS oY O pofiHer ey’ BE Lsgd o
and thus it Beirgnoy Higle perpreabiliynthe bore Qdecdricentvatey the madnéticfield i

themthat are necessarily in register in the |ongitudinal direction of the
passage. Fhuthe iair igap Giradjacest tbebuppesnpeleniface@7%i preventing excessive

field generajors, the coils, are dj sposed so th at | east ihej pper ¢oil
si de conduc?‘dﬂ’% hi ﬂfclﬂé@iféélgr Oﬁﬁ'aee&@ngﬁpheﬁh‘% yoke (ﬂ"?@?b[ih?‘as a G
- shape so that the window occupied by the coil 23 may be made

ol es

arbitrarily large, independent of the pole separation S, whilst maintaining
a reasonably compact cross-sectional shape for the coil.

10 A large window for the coil allows larger conductors to be used for
a given number of turns, this permits lower current densities which, in
turn, gives lower resistive power loss in the coil 23. On the other hand
increasing the coil size by increasing its conductor size increases the
leakage field inside the coil, so that a higher proportion of the field

15 generated does not pass through the upper pole face 27. A balance
between these two competing effects has to be reached when
determining the size and shape of the core 24.

. If the pole separation S is reduced the reluctance of the magnetic

path is reduced, so that, for a given number of ampere turns in the

20 coil 23, the total field passed is increased. However, if the pole
separation S becomes too small the field may become concentrated in a
small region near the poles, and may not: penetrate at full strength
across the air gap G to the strip 29. In this instance the region of
weaker field near -'the strip- may not form an effective plug and so may

25 allow liquid coating metal to escape. As a general rule, the pole
~ separation S should be- about, and preferably not less than, three times
the air 'gap G. Thus the spacing between the poles in the through
direction of the passage should be within the range of from two to ten



of strip travel, that is to say, assuming the strip travels vertically
t hr ough w0 96i833duct the upper coil sides lie in the sane P¢IrAUSSHA0488 pl ane.
- Specifically, the lower coil sides could be nore renote fromthe passage,
‘for exanple they might lie in the same horizontal plane as the upper sides
if desired. ‘In other enbodi ments the aBBangement may be further varied to
maximse the field at the | ower position of poles 17 and 15 to use the
field f r otirhés thepwiidth 06theeairtgap betwearhthe isjtipdbeing soated ant: thar y
polarity and the mutual registration of at |east the upper coil . sides are
.si gni fi carfide &iithed2a%380ke present enbodiment of the invention, in that,
I n the absence of a strip, it nmaxi mses the horizontal conponent of the
generated flux intersecting the duct 20 i nmedi ately bel ow the floor 2 of

the pot. This im%ﬁrﬁefggﬁ | RE Z@Qré%haétfrpm THigl catductivity nidterigpr e

surface of the al 1 at the mouth of the duct. The Coils 7 are

~ ener gi sed fbr @Rample;fcoppery aluminium oragitveruddf the tenergising cuil iggeryour ce
at a frequency of at least 3 kHz and 25 preferably in excess of 7 kHz. I|f
the sti5 p large; additional shielding may be placedibetween the gsonductars, of dhei al | y

restrict ec]Icotilotc; r|"gtdug3ritntt-g)rfnatl %)P ?ésaﬁ(%%%.aryugﬁ rairP ecr’nnbtiaai?néﬁtd% filustrated
by figure 8 wherein such additional shields are shown at 32 and 33.
Eddy currents will be induced in the shields. This will cause heating in
the shields and of course they are in a hot environment. Thus forced d
10 cooling of the shields may be required, for example by passing a cooling
liquid through tubes brazed or other wise joined to the shields in a
thermally conduétivé manner. The figure 8 embodiment includes such
tubes referenced 34 in that figure.

In preferred embodiments the number of conductor turns in each

15 coil 23 is small, for example no more than ten, 'preferably from one to

four, depending on the frequency of operation, the geometry of the

components and the characteristics of the power supply. As is well

‘known, a multi-filament conductor of the same cross-sectional area as

a single filament conductor is: more efficient than the single filament

20 conductor at high frequencies. That is to say, other things being equal a

multi-filament conductor has a lower power loss than a single filament

conductor. This is because high frequency current is largely restricted to

the surface skin of the conductor and the multi-filament conductor has a

greater surface to cross-sectional area ratio than the single filament

25 conductor. Thus in preferred embodiments each turn of the coil 23

comprises a plurality of tubular conductors in parallel. 'Those conductors

are preferably cooled by means of cooling fluid pumped through their
bores.



WO 96/ 03533 PCT/ AU95/ 00458 16 the
centre pl WOP6H858he strip. The generated fields then adopt RCEAHYM0458 | nage
patterns shown in figure 2, wherein the field fromeach pole 15 enters the
passage nore or |ess transversely and then turns to extend |ongitudinally
of the passage and-strip for a distancedlefore turning 5 again to depart
more or less transversely fromthe passage to pole 17. The fields projected
by pol es 15 and Hor tthen reasess: €labarptede ipareiatiop do0 the hiirstd described

S T R e
he ener o1 SHE TocftD kEi-BABLGN BUEH,pidter AEaddneies s puitdIeHREIE yepends

on the physical parameters of the installation, (for exanple, passage
width, strip width, nunmber of turns in energising coil etc.) and on the
liquid pressure.Byhwayasf exarmple)ethd -details eofiamrapgropriate i desigh fdre a
coating material and the depth of the bath, The frequency of the power

suppl y i% @alvanising ppoti furnishedpwith, Rlugging: nganseascowdingi ta ithe dastect s.
At hi gher fcfees%urﬁ)rgd %?nlgg&ment of the invention and holding a zinc or aluminium-
| zinc bath with a nominal depth of 0.5 metres are indicated below:

- PARAMETER VALUE
Air gap (G) 10m.m
10 Number of turns in coil 1
Number of tubular cohductors in 126
parallel in each turn
Outside diameter of each tubular 12.5 mm
conductor
15 Frequency of excitation | 20 kHz
Length of upper pole face (P) 30 mm
Pole separation (S) 80 mm
Window height (H) 150 mm
Yoke depth (D) 150 mm

20

Flux density in air gap*
Energising current* o
Applied voltage*

Power loss in coil*

Plugging pressure (ideal)*

0414 T (péak)
33,000 A (rms)
2161 V (rms)
20 kW

33.1 kPa



so called skin depth of the coil conductors, that is to say the thickness
of 20 tlwo9smisase. | ayer to which the current is |argely cB&TAV2800458
reduced and the coil resistance becomes hi.gher. This |eads to higher
resistive losses. On the other hand, the repulsive force on a conducting
body, in this instance the coating |iogd2d, rises as the eddy currents in it
become nore nearly confined to its surface, that is the frequency rises.
The 25 . cross otteadof liquiskzingetideabt act i on and-repﬁgéﬂﬁﬂ‘of t he st eel
strip occurs at a frequency within the range of from3 to 7 kHz. Thus
frequencies in epgfifatdd VARiesup to about 100 kHz are preferable. VO
96/ 03533 : _ PCT/ AU95/ 00458 17 In the
present enbodinent all of the fields fromthe respective poles, not only
that of poles 15 and 17 are projected into the passage and are mrror

i mges of each other, thus the fields projected into the passage by poles
17 and 16 al so contribute to the restoring forces 5 preventing the strip
pass line fromdeviating fromthe desired centre position. The coils 7 may
be effectively in air or other non-nmagnetisable - a '



medi um as il | ustrat ed. Al'ternatively the generator coils nmay be partly
ext ernal | yWO9600338d i n C- sectioned magneti sabl e shells. SucPCMYI540458

dincrease the nagﬁe%re—++ux~+ﬁr~a—g|ven energi sing current which is

advant ageous, he |nductance of the coil, which requires
a hi gher enerqgi m u lmﬂij mfs di sad@3nt ageous. Thus, if shells are
present, a deS| be struck to optimse the ef ficiency of

t he pl uggi ng neans. Figures 5 to 7 illustrate another preferred
enbodi nent gibkg@ |nvent|on wherein each of the field generators is in the
nature of a F%onagnet conprising an energi sing coil wound upon a
ferro- magnetic, preferably G shaped, core. In this instance, the pot may
have a floor 20 that is thick enough 20 to enablé two, high frequency

magnetic field gener atARrnofldipo coatihg ug:mth 2| stripatinidt r passage aptned
at

in the confronting faces of the floor efine the got s strip inlet
passage 22. efectioanagnetige pluggingsmeansoiop preentaleakagegot bath diguid zfmm

encircling t sectiqned, ferro- or ferri-mgnetic 25 core

24 and, pr eftgemtythreﬁgbghabpﬁﬁﬁee. rﬁ_H'Fr ous electrically conductive
shi el ds B and 2640 THRRfging' Méins CB8higHde ‘Wo "rillhnetic field generators

disposed one on each side of the passage;
each generator projects an oscillating magnetic field into the
passage from at least two poles of opposite polarity that are adjacent
the passage and spaced apart in the through direction of the passage;
10 the said at least two poles of each generator are respectively in
| _substantial alignment with the corresponding poles of the other in the
transverse direction of the passage;
- the magnetic fields projected by the generators have flux patterns
which are substantially mirror images with reference to a plane of
15 reflection coinciding with a centre plane of the passage; and
both generators qperate at a frequency of more than three
kiloHertz.

2. A hot dip coating pot according to claim 1 wherein the pot
has a floor with a downwardly directed duct of rectangular cross-section
20 defining the strip inlet passage.

3. A hot dip coating pot according to claim 2 wherein the pot is
of a refractory material.

4, A hot dip coating pot acc'drding to claim 3 wherein said
refractory material is any one of titanium _sta_bilised alumina, silicon
25 carbide and boron nitride. ' |



WO 96/ 03533 PCT/ AU95/ 00458 18 -

f r equencyWoRg/03ss3 c “mwr”mtu' 'lrtual ly all of the fielPdI/AJ9800488 cd by
the coils 23 enmerge i e end faces 27 and 28 of the cores 24.

Those faces 27 and 28 are therefore the poles of the field generators 21. 5
Each of the coils.7 is energised from a2@referably comon, preferably
constant magnitude, alternating voltage source at a frequency in excess of
7 kHz. They areSconnécthat dip teaatinginat accarding to wlaime 1t iwheneir ceachi

polarity, such that when,one pole 27 is a porth pole . the other is a sguth
pol e and vOeBeralof comprises a Gﬁgepzt%@ cter, etanding sigidlyxagaaiseth as

shown in fi ' | frip is present in the
passage, mﬁ%@gﬁ?@aﬁ@%&’?@ﬁ%ﬂ%ﬁa&m es 27 plugs the passage 22,
and the field extendi ng between poles 28 plays no direct part in the
operation of the pot, other than to conplete the flux path. 15 When a

strip 29 is pregent Ahotidip cuating potecoordingto claimd wheteipusaidocoind i t
wi Il now be clear fromthe description of the figure 1 enbodinent that this
not onl § pisigssingte Hirese@ib but al so centralises the strip i'n the passage
22. ) _

7. - A hot dip coating pot according to claim 5 wherein said
conductor is tubular and said terminals are adapted for connection to a
source of coolant to provide for coolant flow through the interior of the !
conductor.

10 8. A hot dip coating pot according to claim 1 wherein each of
the field generators comprises an energising coil  wound upon a
magnetic. core having end-faces directed towards said passage, which
end faces constitute said poles of the generator.

9. A hot dip coating pot according to claim 8 wherein said core
15 is G shaped, whereby one end face is smaller than the other. |

10. A hot dip coating pot according to claim 9 wherein said
generator is furnished with non-ferrous electrically conductive shields
adapted to constrain magnetic fields and positioned to increase the
proportion of the total field generated by -the energising coil emerging

20. ffom the end faces of the core.

11. A hot dip coating pot according to claim 8 wherein each

- side of the passage is lined with a non-metallic refractory, heat

resistant, insulatory face plate, that provides a barrier between the
molten metal of the bath and the upper parts of.ihe generators.



"Each side of the passage 22 | | with a non-netallic refractory 20 or
ot her heatwﬁégogﬁénhiuimmllﬂ @ H pl ate 30, that provi d®ETAUPEO45E,
between the nolten e ort 31 and the upper parts of the shields

25 and cores 24. Various aspects of the design of the conponents of this
enbodi nent are di scussed bel ow. WO 96283533 -

PCT/ AU95/ 00458 19 Each core 24 is made of g low | oss material having a high
per meabi ity and 18 dh o QiP20aliNg ROl Aceding 1o claim Swherein theyKomRsi ty

et AR B0 Tk et ARG AR pBfo e 580 bt
adj acent thggupﬁgqaﬁyd§ﬁ§ﬁ§%ﬁéﬁl preventi ng excessive "wastage' of the

field outsi e yoke preferably has a G shape so that the w ndow
occupied by the coil 23 may be made arbitrarily |large, independent of the
pol e separation S, whilst maintaining a reasonably conpact cross-sectional
shape for the coild. 1@ hot dip: cosating watdaecording e elaim 32 wherein gaid
conductors to be used for . . . . .

: 5° ‘material any one of a high density ferrite, magnetic metallic glass and

iron powder.

14. A hot dip coating pot according to claim 1 wherein the
distance between the at least two poles in the through direction of the
passage is within the range of from two to ten times the width of the air

10 gap between a strip being coated and a side of the passage. |

15. A hot dip coating pot according to claim 8 wherein each
energising coil is a coil of multi-filament conductor of no more than ten
turns.

16. A hot dip coating pot according to claim 10 wherein said
15 shields are force cooled.

17. A hot dip coating pot according to claim 1 wherein said
frequency is within the range of from 7 kHz to 100 kHz.

18. A hot dip 'coating pot according to any one of the preceding

claims wherein the polarities of the generators are such that when in

20 operation in the absence of a strip to be coated the projected fields

combine, and thé combined field extends transversely of the passage
between the aligned poles of the respective generators.



a given nunber of turns, this permts |ower current densities which, in
turn, giwedelsis’ fesi-stive power |oss in the coil 23. OnPCTAUSSHR4S8hand

i ncreasing the coi g its conductor size increases the

| eakage field insi at a higher proportion of the field 15
gener ated does not = lip@6r pol e face 27. A bal ance between
these two conpeting effects has to be reached when deternining the size and
shape of the cdige Ashot idip heoating: potpas adescrited hereiru awith tneferesicectance of
t he magneti.c path is reduced, so that,_faor_ a given nunper .of anpere turns

i n the 20 either figizesthto kooafighres & -2 fdheAecRMpABYNa draNbEs: i1 t he
pol e separation S becones too snmall the field nmay becone concentrated in a
smal | region near the poles, and may not penetrate at full strength across
the air gap G t hey St td Ir$int FGtE ; field
near the stri ptgbay m#@%giﬁr E’?‘?tgg"?\?ﬁ‘a@ﬁg a(rjl ggé%‘b&é’ig?ﬁﬂ;l)qui d
coating it at i aatoating pot aecpediagstepelaimi btn S shoul d be
about , aﬁ'ﬁ#%@r@%@éﬁt&?@?@gﬂmn, threggpti nmes thegair gap G Thus the
spaci ng between the poles in the through direction of the passage shoul d be
within the range of fromtwo to ten

LT R «
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WD 96/ 03533 : PCT/ AU95/ 00458 20 ti nes
‘the wi dt RYQP6R3EI 5 gap bet ween the strip being coated anBCTA®osondss of the
passage. The shields 25 and 26 are made from high conductivity material,

for exanple, copper, alumniumor sifvAérZ If the energising coil is very 5
| arge, additional shielding may be placed between the conductors of the
coil to reduce internal flux |eakage. Such an enbodinent is illustrated by

figure 8 wherein such additional shields are shown at 32 and 33. Eddy
currents will be induced in the shields. This will cause heating in the
shields and of course they are in a hot environnent. Thus forced 10
cooling of the shields may be required, for exanple by passing a cooling

| i quid through tubes brazed or other wise joined to the shields in a
thermal |y conductive manner. The figure 8 enbodi ment includes such tubes
referenced 34 in that figure. In preferred enbodi nents the nunber of
conductor turns in each 15 coil 23 is small, for exanple no nore than ten,
preferably fromone to four, depending on the frequency of operation, the
geonetry of the conponents and the characteristics of the power supply. As
is well known, a multi-filanment conductor of the sane cross-sectional area
as a single filanment conductor is nore efficient than the single fil anent

/0 G e /4 M | _ /0

6 4 e

) r&. /



20 conductor at high frequencies. That is to say, other things being equal
a mul ti-fi WReMBS3x¥onduct or has a | ower power | oss than a si REEAVISO4SNT
conductor. This is because high frequency current is largely restricted to
the surface skin of the conductor and®tpeynulti-filanent conductor has a
greater surface to-cross-sectional ar€éa ratio than the single filament 25
conductor. Thus in preferred enbodi nents each turn of the coil 23 conprises
a plurality of tubular conductors in parallel. Those conductors are

preferably cool ed by neans of cooling fluid punped through their bores.
WD 96/ 03533 PCT/ AU95/ 00458 21 For the

reasons el aborated in relation to the first described enbodinent the field
frequency is preferably within the range of from?7 kHz to 100 kHz al t hough
even higher frequencies are quite feasible. By way of exanple, the details
of an appropriate design for a 5 gal vanising pot furnished wth plugging
means according to the | ast described enbodi nent of the invention and

hol ding a zinc or alumnium zinc bath with a nonm nal depth of 0.5 netres

are indicated bel ow
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PARAVETER

gcgonductors in 126 parall el
12.5 nm conductor 15
Lengt h of upper pol-e face (P)

80 mm W ndow hei ght (H)

150 mm 20 Flux density in air gap*
Energi sing current?*

2161 V (rns) Power loss in coil*
(ideal)* 33.1 kPa

PCT/ AU95/ 00458

0

VALUE Air gap (G
10mm 10 WO96/0383%ber of turns in coil

1 Nunber @cTIAUISHGSSS
in each turn Qutside dianeter of each tubul ar

Fr equen%/o? excitation

nm Pol e separation (S)

WO 96/ 03533

150 mm Yoke depth (D)

0.414 T (peak)
33,000 A (rms) Applied voltage*

20 kW Pl uggi ng pressure

(



22 Head of liquid zinc (ideal)*

WO 96/ 0353R0 96/03533

A hot dip coating pot having a stri?‘ign
pl uggi ng neans to prevent |eakage of" ba
passage, wherein: 5 t he pl uggi ng

generators di sposed one on each side of the passage;

projects an oscillating nmagnetic field i

488 mm *Cal cul at ed val ues.
PCT/ AU95PODATSS/Gl488 VS 1.
t passage and el ectronagneti c
h liquid fromthe pot through that
means conprise two magnetic field
each generator
nto the passage fromat |east two

pol es of opposite polarity that are adjacent the passage and spaced apart

in the through direction of the passage;

pol es of each generator are respectively in substantial al
correspondi ng poles of the other in the tL?Q?uerse directi
sl ds projected by th

i mgesgwth ref et e 2
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passage; the
whi ch are substQ
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15 reflection coinciding with a centre plane of the passage; and both

gener at or swayssr0as$33 at a frequency of nore than three kil oHerg@ragos/oosss hot
dip coating pot according to claim1 wherein the pot has a floor with a

downwardly directed duct of rectangg%af
d “p

- A hot dip coati
4.

I nl et passage. 3.
pot is of a refractory material.

claim3 wherein said refractory nmateri al

alum na, silicon 25 carbide and boron
‘pot according to claim1l wherein each
conductor extending rigidly as a self

termnals. 6. A hot dip coating pot
coil 5 is a siggle turh coil. 7. A
cl ai m5 wherei 26 '

e e
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Lross-section 20 defining the strip
dt according to claim2 wherein the
A hot dip coating pot according to

is any one of titaniumstabilised
ni tride. 24 5. A hot dip coating
generator conprises a coil of a
supporting cantilever fromtwo end

according _to claim erein said
hot di p %@%(Phg pofééggoroin k&t
30 g\\
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tonductor is tubular and said terminals are adapted for connection to a
source of M¥PIH3X o0 provide for coolant flow through the inPeraupssuss he
Lonductor. 10 8. A hot dip égzting pot according to claim1 wherein
each of the field generators conpri An energising coil wound upon a
magneti c core having end faces directed towards said passage, which end
faces constitute said poles of the generator. 9. A hot dip coating pot
according to claim8 wherein said core 15 is G shaped, whereby one end face
is smaller than the other. 10. A hot dip coating pot accorging to claim?9
wherein said generator is furnished with non-ferrous electfically
conductive shields adapted to constrain magnetic fields an itioned to
increase the proportion of th@#otal field nerated by thg energising coil
energing 20 fromthe end faceg of the corel 11. A hot di iMg pot
according to claim8 wherein each side of theéypassage is | h a

of

non-netallic refractory, heat AKesistant, insulatory face t hat

provi des a barrier between the | ten netal he bath a he upper parts

of the generators. \ \\t
A i R7
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F
#
—D —

FIG. 7



WO 96/ 03533 PCT/ AU95/ 00458 25 12. A hot dip
coating pd¥Oa&eIHsBHi ng to claim8 wherein the core i s nade OPCWAUGSII4ES S
draterial having a high perneability and high saturati on nagnetisation. 13.
A hot dip coating pot according to gfm 12 wherein said 5 material any
one of a high density ferrite, magnetic netallic-glass and iron powder. 14.
A hot dip coating pot according to claim1l wherein the distance between the
at least two poles in the through direction of the passage is within the
range of fromtwo to ten tines the width of the air 10 gap between a strip
bei ng coated and a side of the passage. 15. A hot dip coating pot
according to claim8 wherein each energising coil is a coil of
multi-filament conductor of no nore than t4n turns. 16. A hot dip coating
pot according to claim%Q wherein said 15 ghields are force -cgpdled. 17. A
hot dip coating pot accorng to claiml erein said frequgficy is within
the range of from7 kHz to Q0 kHz. 18. A Rot dip coating/pot according to
any one of the preceding clai Ys—wheserfg h§ pPtoietdsos—af the generators
are such that when in :;4‘ \ :

Fre 8



]"20 operﬁfﬂ—en—l—n_mEMe of a strip to be coated the projected fields

conbi ne, and the conbined field exténds transversely of the passage bet ween

,the ali gnB mms"mm” espective generators. [=26=39 —Appar or the
'COI’ltI nuou : ﬁm of a netal strip with al REPARACERENITI®FEEACliudi ng
a coating pot accof'di fig to claim 1.
o P ° DateZUJAngsa ......
26

“Apparatus for the continuous hot dip coating of a metal strip -

with a metal coating including a coating pot according to claim 1. e



