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INDUSTRIAL STEAM GENERATOR FOR DEPOSITING AN ALLOY COATING ON A METAL
BAND

Fiebl of the nvention

{0001} The present invention soncerns an industrial vapour generstor for continuously vacuumy goating 8
substrate In motion, siore particatarly # metal stvip, by means of 3 metallic vapeur in order to form 2 metal Javer
and preferably o mietal alloy layer on the surface thereof, so as  soswre exeslient resistancs to corrosion while

preserving good drawing sud weldabibity choractoristios.

Prior art

[BU02] 1t bas been kawewn sires (e end of the 1980s that the deposition of vertain alloys, such as ZnMg, on the

surface of & steel strip plave a role in prmectins the sted, Exmﬂem corroston resistanpe of the ZnMg alloy is

aetng as & barrier Sim

{6003} Such an alloy depasition iv generally not possible by the usual techniques such as sleswobytic

deposition, but-dip coating, ste. Thes, at atmaspheric pressure, In bot-dipping thers may be contamination of the

fquid metal bath by the oxygen from the alr, whtich forns oxides o the surfaee of the bath,

{6004} The anly possible option, therefure, i often the vacuum gvaporation of the Higuid metal, pure or o the

form of an alloy (PVD, Pressure Vapour Deposition, technique),

[O0DS]  Within the scope of this techaigus it is known to place the substrate in @ vacuum chamber maintained at

low temperature and comtaining a erucible of molten metal. The deposition s then performed on all the walls

whereof the terperature is Jower than the teraperature of the metal vapour. Te increase the deposition yield on

the subsitate and gvoid waste, # iy therefors of Interest to Tieat the walls of the enclosors,

{06} The docoment US-A-5,802,837 describes the deposition by evaporation of a bidlayer Zn/ZnMg coating

with s totally altoyed Mg or ZnoMeiing My, phase,

{00071 Docament EP-A-0 730 043 describes a steel sirip coating with a vacuam deposited deposition of 3 or §

layers of ZnMy alloy, offering vary good corrosion resistance with 3 minimum of powdering during drawing,

[0DOR] I the dovumernt WiD-A02/06588 (or BEP-A-1 174 $26) a ZnMg coating is obtained In a vacuum by co-

syaporation from twar cracitdes, one containing the zine wud the other e nmpnesinm. Befors spraying onto the
strip, the vapours are mixed in anejector and each vapour duct has s chake device of a restricton in the fory of

plates provided with holss or slots of different s;ha;:s:zs, which makes it po‘&gibie o obta & v“apgur iét at sonis

vasugn chamber, via the slestor, s ach;eved by apening onfoff valves {ﬂ}.&)hﬁm(:ﬁi s}n,’xiters)a whigh are
respectively opened at the stagting of the svstern and closed at the stopping thereof, The use of these valves offers
4 potentiad solutian 1o the problem of heating or couling during starting or stopping. I the vapowr must be heated
& controlled manner to avold the visk of re-condensation, it is praposed o use # heat exchanger such #s a
conductive porous filter heated by indvction in the duct through which the vapour passes.

{8009 Dorument WQ-A-02/14573 degeribes the creation of a conting from a galvanized base costing by &
conventional hot-dip galvanizing or eleero-gabvanizing methed, which is then vacuuncoated with magnssinm.
Rapid induction heating makes it possible to delay the fuxion deposition for a fow ssconds, and to ohlain after

cooling & tavoucable Zndg alloyed phase microstructoral distribution throughout the thickaess of the layer.
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{0181 Moreover, the Applicant has proposed an dndusiniad bi-layer elecivo-galvanised/Znddg alloy product
pbtained by PVD (EP-A-0 736 0233, a3 well as an improvement of the method with sninfrared heating system to
produce the alloviog of the magnssium with the zine in arder to minimise the formation of « fragile ntermetallic
Fadn phase.

{0011} Degeribed in the dovument WO-ADTATIRR is a method for continuously coating a substrate in motion
i which the metal vapour iy generated by mduction-heating 2 crucible containing 3 bath compaosed of the
coating metal in a vacuum chamber, The vapour escapes from the crucible twough a duct thet carries i towards
an outlet orifice, preferably salibrated, so us to form a jet directed towards the surface of the substrate o be
coated. The use of an oriiice in the form of a longitudingl dot of narrow crose-section enables the regulation of
the vagour atass flow tate, at a constant sonde veloeity along the dlot (sonic threat), which achieves the advantage
of ubtalning a sniform depogition, Hereinafter this wechnique shall be reforred o by the acvonym JVED {Jst
Vapouwr Deposition);

{0012 However, this technology has severa] deBicienciss, hcluding i particular;

the continudus supply of Hquid metal nvolves providing for the return therént 16 the val 4t nie or moré points;
because the Hguid metal dncludes opurities, thers 16 & concsutration of these impurities on the surface of G
batly follawing evaporstion; which rediiosy the S rate] Qne solutiors would be shinnaing of the surface of
reeyehing of the load, bat any mechanical operation is made difficult s a vaguum;

the difficulty of adapting the svaporation siot o 8 variable steip width, which involves masking mesns on either
side of the slot, and consequently tie sealing of the vapour in & vacuun: at 700°C, which is pot easy to dos

the difficully of masking the slot when the movement of the strip Is interrupted, which would favolve the
prosence of 3 Hncar sealing valye over 2 typicad length of 2 m or miore;

the sonsiderable thermal inertia of the system £at feast several minuies);

the heating, achieved by induction ander vacuum, requires passing sl of the electricy] heating power through the
vacoum sealing wall, which does not facifitate the scoessibility and malntainability of the Taciity.

(D013} Maoreover, the priov et does not offer = satistaciory solution 1o the nesd W achisve the so-deposition of
two ditferent metals, mvolving the mixture of jets 8t the putput of the evapovator. The use of intermediate mixing
boxes with baftles did not offer any convineing resuit,

(D084} 1y possible to produee rastat dlloys for coating {e.g 85% Zn, 5% Mg) by rigorousiy controliing the
concentration of the two melly i the cvucible. However, thiz contral dnvolves significant difficulties i
sanaging the system, and o particular the homogensity n the crucible, espesially i the crucible s not of
gircular section,

[O015] It is also Known that Sidrsbe Ine. {(Latvia) s proposed 3 PYD method in which the source of molten
metal s moved cutside the vacuurm deposition chamber, inltially tr avoid fine partivles of solid magnesium
being deposited at igh evaporation speedt on the substrate, The separation of the meliing aren from the
evaporation box by a conwumication dact mukes # easier to regulate evaporation. In pacticufar, the vapour
pressure is nteasured at thie dust (e, in BVC S08/856-7188 42nd Annual Technival Conference Procesdings
{1999Y, P 3942}

{0016} The document WO-A-2005/1 16290 proposes a factlity of this type where the respective levels of liquid
metal e the fasion onicible and in the svaporation crucible are regulated by means of & magnetchydrodynaniic

punp.
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Obiectives of the fvention
[B017] The present invention cesks to furnish a solution that allows the dissdvantages of the prior ant to be

Dvsrcome,
D018} In particular, the invention seeks to achieve the following obiectives:
~ siaplicity of ereation;
casy zoxessibility and maintenance of the cructblels);
- excellent uniformity of metal deposition and simple mechanism for adapiing the deposition head o

variable widthy of atrip that can excesd 2 meters: maximised vapows  flow rate;

- high rate of magoetic stitring to aveld the segregation of surface impurities;
~ easy regulation of the vapour flow rate, by sontrolling the clectrical power andfor the evaporation

stirface  temperature;

« pustatlation facilitated by valves in small diareter cytindrical ducts:

Principal characteristic slermenis of the luvention

{018]  The present invention, acvording to the peincipal claim | relates to a vapour ponerater for deposition of
& pastal conting on & substrats, preferably a steel strip, comprising a vacuum chamber i the form of an enclosurs,
provided with peuns to produce 3 low pressare compared to the exterior envivonnient and provided with means
conbling the entry sad exit of the sebstrate, 3l while belng esscntially sealed with respect to the exterior
anvirenment, said enclosare incarporating a vapour deposition head, called gisctor, designed to create  jet of
ractal vapour at sosic velocity towards and perpendicular to the serface of the subsirate, said efector belng in
sealed pommunication by means of a supply duct with at lesst one crucible containing 3 conting metal in Hiquid
for the vapour, acting as 8 sonke thraat, extending over the Rl width of the substrate, a fltering madiom or 2
head loss member made of sinterad material being disposed in the ejector irnmediately before said stot upon the
passage of the vapour In order &0 equalize the velockty of flow of the vapour leaving the sjsctor by the snuic
thraat. Equalizing the velocity of flow iy undrstoed a5 squatizing and rectifying the velooity veetors of said
YAPOL,
{0028)  According to preferred embodiments of the invention, mentioned in the dependsnt claims, the vapoar
generator aceording to the nvention furthey comprises one ar mave of the follewing characteristics, which must
b considered as taken in combination with the charscteristics of the principal elaim:
< said filtering medinm or head Joss member is mnde of fitantuny
~ the fillering modivm or head loss member is 5 metal sisve  with sirdered stainless stee! fibrey;
=~ the generstor comprises means for reguluting the metal  vapour pressure v the gjector without causing
nertia  during prossure tansients;

ssid regulnation means comprise 8 proportional valve optiomadly with a head loss device disposed in
said duet;
- the proportional valve iy a butterfly type valver
~ the generator eomprises meuns for adjusting the length ol the longitudinal slot to the width of te wubsirate;

= saud meang comprise meany of rotating the ejeciar sround i supply duct;



~ the prucible contains & miture of metals in Yiouid form;

=~ the crucible is supplied with Bauid mstal by pumping or by wravity from somelting Runses;
~ the crucible comprises an inductor mounted on the exterior, ta provide the magnetic stivding of the

ligoid mietal;
= the crucible comprises 8 drain owards the melting furnace by purping or gravity flow;

the crucible comprises exterior muss measuring mews 10 regulate the fevel of liguid metal;

the giector, the duct snd the orucible are thernally insuiated from the exicrior sovironmsnt and
heated by radintion heating means, heveinafier simply called  “radistion furnace”;
~ the generator comprises options! means of heating the vavuum chamber;

= the generator cnmiprises two crucibles cortaining different metals in Hauid form;

- sach crurible is connected by ity own duct o 3 mixer, which monen Ay communication with the
giector;

= sach duct comypreises a valve; optionally with s head-foss:  device, conbling the voncentration ofeack 1natal
tobe - adjusted dhiring the raixing of the vapours to be deposited on  the substrate, and the pressure of the
pietal vapows to he regnlated in the mixer without causing inentia during pressure transienis:

~ the mixer i the sjector itself and corprises a fikerlog medium of sintered material eoabling the flow
velosity of the vapoor 1 beegquadized for cach mstal leaving the ¢ector:

- said Bltering rmedium of sintered material is produced from ttandam or fs iy the form of a metal

sfeve made of sinterad staitiiess steel fibres,

Briel deseription of the figures

{0} Tigures TA to 1O schomstically represent several embodiments of the industrial VEPORE gengemar
aceording to the prasent invention,

{00221 Figures 24 and I8 represent defails of implementation respectively of the liquid metal crucibls and of
the vapour gjector aocording o a preforred cmbodiment of the present Invention. Figure 2R in pasticular
illusirates the easy system of adupting the vapour jet to the width of the strip by simple rotation of the ejsctor
around Hs axis.

[0023] Figures 34 1o 3C represents several views of the vapour sjector sevording to the present invention,
iHustrating s aniforn disteibution of the vaporized nyetal,

[0024]  Figures 4 and 3§ represent results of mechanical simufation of the fuids for the aforementioned
evaporation chamber {respectively exit teimperatore and velosh)

{0825]  Figure & shows o aylorograph abtalued for # magnesium deposition on black iron obtained with @ pilat
facility according fo the present fivention.

{UD26] Figure 7 Hlustrates an example of regulating the opening of the valves in the facility avcording to the
invantivn, as well as the respective average deposition rate, over the course of time for a temperatare of the
Hiquisd magnesium equal f0 690°C.

{0027} Figurs 8 schematioally represents the vapour generator acvording to the invenilon in an embudiment

enabling a deposition of an alloy of byo pure metals on the substrate.
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{0028] The recommended solution acernding 1o the present nvention counsists of utilizing an evaporstion
erycible, which is separate from & longltudingl skt with JVD ejection bead for vapowr outlet, bereinafier called
eipetor, The general principle of such a device is represcoted in fig. 1A, Anocther schenatic representation is
provided n fig. 18, A geners] deseription of a pilot faeility is provided in fig. 18, The crucible 1 s supplied by 2
duct 1A from 1 magnesium neliing fwnace 2, with decantation of impurities. The tvpe of melting firnace and
ducts used are materials usually used in the foundry industry and well known o a person skilled in the art. In
particular, the melting aad loading foto e spparatis acvording the invention are carrikd out using proven
jechnigues,

{0029]  Becanse the crucible 1 s romote and oylindrical in shaps, a good unitformity of temperatare can be
achigved thanks to substantisl magoctic stirving. The juagnetic stirring produced by an inductor 1B mounied on
said crucible makes # possible fo preserve & homogeneity througheut the crucible, the segregation of un-
syvaporated impurities (decantation sl foatingd being done i the melting furnace 2 Thus; theconstaney of e
evaporation conditions, and therefore deposition conditivns, is ensursd. The magnetiv stiering is adjusted by the
induction fregqusncy as g function of the narors and size of the crucible.

{4B3¢]  The remote crucible is connected to the gjector 3 {dual in fig. 1), which s lovated fn the vacuum
chamtber & through which the metal steip 7 pagees, by a evlindeical duet 4, whereof the cross-seetion is
dimensioned 50 85 10 obtain 3 slow velochty (the velocity st the output of the sruible is fdeally on the order of
frony pheaneisr parspcond to veversd tans of msters per seeond)

{0031} The use of a cylindrical duct makes ¥ possible to obtain & good seal at high temperature and in 2
vactum, using for example a proportional valve such as 2 commurcially available butterfly valve 3. The vapour
flow rate, which determines the thickness of the deposited metal, is directly proportional 1o the usable power
supplied (power in the indoctor fess thermal fosses), irrespective of the position of the praportional valve,
Without using such a valve or by using an on/off valve as in EP-A-1 174 926, i the teniperators of the vapour is
incransed, the pressure is adjusted while remaining on the equilibrivuns swurve (P, 1), but with & certain inettia, i,
pot instantancously or by causing significant transtents following an abrupt supply of soergy, The sse of ¢
proportionnt valve ¢nables different prossares to be obtained for the same temperature, bafore the valve (at the
tevel of the crucible) and after the valve. I the power supplied is increased, the deposition pressure s mabntained
constant at first, The opening of the valve then allows the expansion of the vapowr sud the fncrease of the
respective deposition pressure at the equilibrivm point on the carve (B, T), fe. the vapour saturation pressurs,
[0032]  Figure 7 illustrates the wse of such a butterfly valve §, possibly with a head foss device SA, for
segulating the vapour flow tate, The mass How rates are constant Bor & given valve position and transients are
nearly not-existent.

{0033} Another fniportant advantage is that the entite exterior pant of the vicuum chamber § fs accessible,
although there is the disadvantage of the necessity of creating a vacuum- and high-temperatire scaf at the joints
in the remote patt {(not shown),

{8834} To beat the crocible, the duct, and the sjector, an external radistion Rurnace I8 used {evlindrical fumace
with radiating sires or resistances). Buch furnaces are used in laboratories up to a temperature of 1400-1300°C.
Said furnace I8 therefore hravy-duty since the nonmal working temperature for this application is on the order of
Qg

3

{RU3S]  Thanke to said radistion furmace, the vapour Is superheated, which makes it possible fo avoid the
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saturation vapour pressure temperature and thus the condenaation point. The rigk of re-condensation ia therefors
reduced. Moreover, dighal simulations bave been perfurmed to deterntine the range of velocitiss that enable
adiabatic sxpansion o be avoided and thas condensation following the decremss i tomperature vesulting
therefram.

{99361 The fact that heating is osed gudside the vacuum chamber, with appropriate inselation, Kes a swnber of
advantages:

= easy muintenance of the heatlng systeny

~ insulation and insulation ave located outside the vacuum chamber, limiting vacuum degassing phenoniena;

= reduction of problems related to the nse of heating elements in @ vacuum and related o cooling the electrical
connections thereal

- Huitation of e pumbsr of vacuum heating cartridges to the giector, with higher limit of utilization (betier
stahility over time). For exaniphe, two heating caniridies at 1100°C are suffivient for heating by vadiation;

= atilization of robust and reliable heating techniques and heating elements,

Deseription of preferred embodiments of the invention

s

3 instadiation

{00371 According to a preferred embodinent of the invention represented in fig. 1B, 8 cylindrical craeible §,
containing raelted nragnesium, i located outside of the vat 6 snd in communication with 8 JVD head, gerving s
magnesiin vapoir elector having an outlet slot disposed transversely aver the full widih of the wip. According
to the vention, sald strip can be dispesed o run either vertically o horteontally, The pamping of the
magnesiunt from the melting furmace to the crunible fs done by means of 3 pump, but can alko be done more
simply by low pressurs, the pressure of the crucible then being lower than that of the meliing Rumace. The
regulation means amd the instromentation are disposed outside the vacuum,

[8038] The advantage of this device v that there is v Hquid magnestem stored in the depesition vat, which
rechices inertia, as well as segrogation of particles of fmpurities wader vacuun The vapour transter duct 4 iy
cquipped with 8 heater. The distibution of the magaesiun vapour over the width of the strip (before the
injection slot) is provided by a fHitering medium 34 located inthe gjector. This member provides the filtvation as

well as the possible reheating of the vapour thit passes throogh it Advantageously, said filtering medivm can be

because i s nat sorroded by the Hquid magnesiom and iy resistant o high tempemture {unlike bronze or uther
sintered materfals commonly used) A “mstal sleve” i the form of sintered staindess stes! Obres van wse
advantageousty be vaed as filtering medium, i it can be goarantesd that 1 will have no contact with the Hauid
oragnesium, For example, a filter of § ya thickness called SIKA-FIL san be used (GKN Sinter Metals Filtera
GmbH, Radevormwald, Germany). Said fibres constitute roats having a povesity of up 1o 85% (DIN 180 30011

33 and an effective pore size ranging from about 6 1o 50 microns (ASTM E 1204),

{0039]  The erucible 1, according to a preferred embodiment of the fnvention represented in detall in fig. 24, is
anique and easily accessible for any maintenance work, s interior surface is inert in contact with the {iguid

metal al high temperature, and its exterior surface i resistant to oxidation from the air.
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1t will preferably be of coated stainless steel e any material compatible with the metal to be evaparated and with
the confact with the gir at bigh tempersture, for its exterior part. In the case of magnesiuim, for example, it i
possible ta chonse o po-laminated stainfess steebsoft ron,

00461 The heating of the cryoible 1 is conventional and achieved by fnduction 11, The Prequency is

¥

advantageously between 400 and 1000 He. Other characteristics of the devics used are the terperature reached
in 20 min, rate of dirgct heating of the magnesiom > 60%, stiring spsed > 1 m/g, st

{00411 The theanal inertia is reduced. The device 15 provided with a draib of the srucible tn the resRing Dunace
by a gravity fhvw or pumpdng, in the event of & problens (not shosm),

{80421 - Repulation of the lovel of magresiom i the crucible is advantageousty achieved by mass measaring

menns {sealey.

Ejestor

{00431 The ejector 3 ix shown in detail in figures 2B and 34 to 3C. 1t comprises a box whereof the Tengih is
greater than the width of the strip fo be coated. This devivs containg a medium filiering or cresting or head foss
34, thus snsuring equalisstion of the vaposr flow over the entire length of the box. The gjectar 3 is heated to 8
teraperature graater than that of the metal vapour and iy externally bsulated. The heating can be internad by
cartridges (the choice adopted in the prosent embodiment) but can also be external by radiating resistances, A
calibrated siot provides the spray, at sonic speed, of the metal vapour ontes the strip 7. The sonie troat over the
entive length of the slot very effectively completes the flitering medium 1A w ensurs uniformity of the deposit
ogt the strip. Adapiation ti the width of the strip 7 ¥s achieved by rotating the gjecior around its supply duct 38,
Figure 2B shows the internal mechanics of the deposition vat, which is very simplifind and reliable. Regulation
of the vapour flow rate i provided by the valve 5 losated on the circular dust 4 (see § Hg. 1B} As bas already
been mentioned, fig. 7 illustrates an example of regulation that can be essd,

Resubts of simulationg and tests obtal ith 8 pilot facility

{0044]  Table 1 provides the paramsters of a pilot faciiity created for the implementation of the invention,
compared 1o thy parameters of @ typical industrial facility, within the context of application of magnesium

deposition.

Pilot Solution

Crucibie dameter 850 num 263 mm
"""""" Generator height 1008 mm SO0 mwm
duct diameters L W 190

Working Tomperature R il e £80 < 7SO0




8
Wall temperatares | TE°C TS0
T Working pressure 30 10 79 mbar
VVVVV ndustion Power 160 kKW SORW:
Seape of work 2.8 2.8
Liguid nietal volume ' 82 L 18 L
""""""""""" Ejsctor e mm 456 mm
G ——— — e
VVVVV Ejector pressurs Tafewmmbar 1 afew mmbar
T L S e

{BU4S]  Figures 34 to 3C chow differsut views in perspactive of the gjector 3 equippsd with Hs sintered
titanium filier 34 and the ejection st 3B, Flgyre 30 shows a sinwdation of vapour trajectories in the ejection
fead

[0046] Resulis of a digital fluid mechanies simelation applicd 1o the cjector are shown i figs, 4 wnd 3, The
differences iy vapour temperature before and aller the sintered filter are very swall (0,103K, see fig, ). The
expansion i therefore nearly iscthermal i the porous material. Moreover, the distribution of velocities alony the
centre-ling of the outlet fs practically orustant, the divestion of the velocity varying significantly only very newr
the end of the bead (fig. $). Thus, the vapour jet b nearly perfectly wniforn and fsothermal. The deposition of
tietal vapour on the strip will be uniforin in thickness and crystalline structurs.

[0047]  Figure § shows, in difforent magnifications, the coating of & black iron sample by magnestum, abtained
with the aforementioned pilot facility. The good hoamogeneity of the deposition can be hated.

{0648]  Furthermuore, the remote device gocording to the nvention s particutary suitable for slfoy depngition
by vapeur mixhire because ¥ allows the chemical composition deposited to bs adjusted without haviug to modify

the composition of a figuid alloy. The mixing & then done in a duct at very low flow valocity, untike the prior

2

ri

~

3

[0U49]  Ag shown b fig. 8, two melting chambers 11, 12 containing respectively two different pure metals (for

example, zine and vagnesiu) are each connected by o duet 4. & equipped with a valve 5, 8 1 o mixing
chamber coupled to the sjector 3. The conceniration of the twa metals in the mixture is adjusted by energies
injected into the crueibles and by the respective proportional valves 3, 5, which simplifiss the management
problem. The space required by this system is advantageously reduced.

{0B30] A head loss systern 34 v used on erch duct, cooperating with the respection valves, which makes it
passilale to obiudn 2 bigher vitpour pressie than if this system were not used (8.0, 20 mbar gt 760°C),

{0081} This device also allows the vapour flow rte 1o be regudated quickly snd presisely,
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Advaniages of the invention

[0US2]1  The system mecording to the invention makes it possible to obtain a very good unitoroity of the
teniperatuse and velocity of the deposited vapour, while heing reliable, accessible and having very low response
tines. Thus the hovention is very sultable for e requirements of ndestriafisation of the method, A lows
frequency regidation of the induction heating snsurss very gond untformity of composition snd temperature in
the crieible, and the regulation of the vapour Tlow rals s achieved simply by means of a vabve located in the duct
connecting the evaporstion erucible and the deposition gjector, wud by adjusting the energy transmitted 1o the
metal. In WO-A2005/1 16290, the regulation «f the liguid tnder vecwum, including fnside the evaporation
chamber, is achieved by 3 magnetohydrodynamic pump. Unlike the prior art, level regolation accarding to the
invention is done by weighing the crucible, wnd the distribution chamber according to the invention is 1 VD

syatem provided with a slot containing oaly the vapour of the metal to be deposited

IPARE GUZFEILESETO EGY FEM SZALAGRA BEVONG OTVOZET LEVALASTTASARA

Szahadelmi igémpontok

A

L. Gdztejlesztd sgy hordozora (73, sliny&sen acs! szalagra Iém bevonat levilasztdsdhoz, amely
gozfejleszid tartalmas ey vakuummkamedt (83, amely koridzan rrészkent van kiképezye s 1 kényezether
viszonyiten alacsony nyomas Itrehozdsirn atkabmas esakivezel, valamin 2 hordozs {75 olvan madon wrténd
befepesdt ¢s Kilepdadt lehatove tevd eszkiterel van elldtva, bogy o kilad kmyerenidl mmdvem ienyspshen

nitetten of van vilasziva, a Roritizart tSordsz géalevalasatd et nevezelesen ey viekion (13 foglal raagdban,

aredy a hordozo (7 fel¢ és annak feldletére merdlegesen hangsehességgel dramio femw&zsug&z wltdititisan
alkalmas, az ejektor (3) vgy thpyazetéhen (4) keresatil tomitetton csatlakozik legalabb egy olvan Gsthdz (1, 11,
12}, amely folyékony formiban gy bevons fmettarialmar &5 & vakuumkamein (6) kivi van elhelverve, szaal
Jjelemezve, hogy az sjsktor (3) tartalmaz 1 gis szamira coy hosszirkoyd kilépd rast, amely szonikus favokaként
mikddik ¢s a hordead teljes spelességében kiterfed, valumint seinterelt anvaghol 16v6 seirdkizepet vagy

tojtdszervet (3A), amely kdsvetlent] a vés ol6t 4 poraramban van elhelyeryve az siektorban az ejekiont (3) 4

szorkus fivokdn kerosetlil elhagyd gihedram schesssgsnek egyenicteschbs tételchez.

2. Az 1. igénypont saerintl glafeilosstd, szzal jellomenve, hogy & seirokdzes vagy fodszery (3A)
titanbol van,

73

3 Az 1, igénypont szevintl phzfejleszth, aezal jellemenve, hogy o sefirBktzeg vagy fujtdseery (3A) vgy

szinterelt rozsdamentes acd] szalakbdl 416 fém sedvet,

4. Az 1 ipdnypont szerind gozisjlesz1d, azzal jellemezve, hogy » Bmgdeanek uz ejektorban (3)

megvalosult myomisal a nyomistranziensek sordn tehetetlensée okozdsa nélkiil srabdlvozs sorkdst tartalm

3. A& 4. ipénvpont szerinti gbzfeflesatd, naval jellomenve, hogy a szabdlyord cagkor tartalmaz gy
arinyos szelepet (3), tovibba adott ceetben & veactskben (4) elhielyasett fojtdeszkoz (SA).

6. Az 8 jgsnypont seerinii ghelfejlesad, azeal jellemenve, oy az ardnyvos szelep (5) ey

pitlangoszelep.

7. Az Toigdivpont sretint giefuileantd, seeal jellemienve, hopy a hosszirdnyi rds hossest a hordozd
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szélesséadnek megfeleiten bodllitd eszkort tartalinae,
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8. A 7. igenyvpont sxerintl gletbilectd, sreal jellemerve, hogy az smlitott esekdiz vz ejektont {3 x

Bpvezeteke (4 kbritl elfordiss eszkdat artalinaz,

8, Az 1. ipdnypont szerinil gdzfeilesatd, aveal jellemerve, hogy sz U8 {1} fémek folyekony keverdkst

Datalazes,

1 Az 1L igdnvpont seerinti gdefeifesatd, axeal jellemerve, hogy me 5the (1 epy olvasstokemenndbid

{3} szivattyleds vagy gravitdcld révén folyskony B ket betaplaldsra,

11 Az 1. igduypont sserinti géafeilesatd, nzeal 3eiiemuve, hiogy az st (1) a kitlseidre felazerelt

tekereset (LR tartadmaz, amely a folyakony fm szdmstm mdgneses keverdst bistostt,
12, Ag 1. igduypont szerinti glsfeflesatd, axeal jplemerve, hogy o (stosk {1) se olvaszichemencs fels

szivattelizolt vagy gravitields ramilen tgtdnyilasa van.

13, Az L igénypont szerinti glziejleszi®, azzal jellemezve, hogy ax stnek {1) o folvékony Bm

seintisnsk wabdbvordsihorz Kllsdttmepmées esekbng van,

H4, Az 1. igdaypont szevinti ghefejlesatd, aszal jellemerve, hogy az gjoktor (3) a vezetdk {4) s az st

{1) 2 ktilsd Koroyszettt! hlszigeteldssel van slvilacetva 85 sugirzéhiemencével van fitve.

15, Ax . dgdoypont seerinti ghefejlostds, azzal jellemerve, hopy adott escthen a vikunmkaniaban (8)

Hitdesekont rartalmaz,

10, Az L igdoypont srerinti ghafejlesntd, azeal jellemezve, hogy ket Gstot (11, 12) tartalmaz, melyek

kitlonbozs fdmekal tartalimaznak folvékony forndban.

17, A 16, igénypont szerintl ghzfeileszth, avzal jellemenve, hogy az egves stok (11, 1) a sajat

veretekikon (4, 4°) keresetll eny Keverdvel vannak dsszekapesolva, amely az ejektorhoz €3) ssatlakozik.

P

18, & 17, igsnypont szerintl pdzfujlesztd, azznd jellemerve, hogy 9z egves veraiskek (4, 4° abvan
saalepet (8, 37, adott csetben egy Bjtdesehizze! (3A) ellaton szelepet, tartalmasrak, amely lehatdvé tesel az
egyes fimek konesnirdoidjanak hesthitdsat & hordordra {7} fevilasziands péeok keversse sordw, valamint 2
keverGben a Rimpdzdk nyomdsiuak a nyomdstrangiensek sordn tehstotlensde okontse nélkal néns

srabalyordads,

19, A 15 igduypont szerint gdefeilesaid, axeal jellenseave, hogy a keveed mags az sjsktor (3) ¢s
szinterelt aryvagd salivdkSasget tartalnaz, amely lehetovd teszi az elekiant (1) slhagyd spves Rmadzok dramids)

sshessenének kicgyentitdast,

20. A 19, fgényport seerinti ghefejloand, azeal jellerveeve, hogy a seinterelt anyagh szictikozeg

titanbol van vagy szinterelt rozsdamentss acél szalikbol $116 fém szovet képezi.
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