;e3el_ZZ[,]14 ] "6"TJ_ks: , Device for producing spherical balls *159159*
Technical field of the invention 5 The invention concerns a device for

pr oduci ng m mmm‘mmml s conprising: - neans for feeding, in a fusion
®essel mamm ul" ed for the manufdcture of balls, - a second vessel
conmmuni cati ng Wigddst he fusion vessel in order to receive 10 the nelted
material, - nmeans to form fromthe nelted material contained in the second
vessel, a jet through at |east one orifice, - vibrating nmeans used to
transmt vi ratio&s to the ori order to transformthe jet into

Li ce 'nI ti
droplets, 1 evice GQrPH&C{mP,eHF?E ﬁé%l at the outlet of the orifice and

filled wwth an inert gas, wherein the droplets, falling bf/ gravity,

solidify to formthe balls. and neans for receiving bal MMMWWMMML end of
nd

the cooling tower 20 State of the art There exist nuner
granul ati on_devi ces, applied in nunerous industrial domai ns«sofsgr exanpl e in
net al | ur gy, Teehnical E‘Bl‘&f’f theolventiofar maceut i cal industry, etc... They all
aimat.transformng into balls materials which, nelted, 25 have, in open
air or under neutral gas, |ow viscosity, good surface tension, good

f I owabi |'i t yTh&irRalioR coht 68 PAEVIEs ﬁ)Hpr@@b@ig\%@gﬁ@ﬁbéﬁ'Ba\ﬂslbbn%mg?g- . s 2
For exenplification purposes, the docunent -8101811, corresponding to
t he patent US meéassdar, feading; irbadusionveised!, matedaldotandedffor the odncfaniure
metallic gr%rgjlgtes, 0.1 to 5 mMin diameter, froma nelted netal bath.
According t 3iSs known method, a jet of nelted netal is fornmed, it is

passed throug J L | CRe aN WA j Sty :
o vi dual dr e 2P Ygbed Cotriri R wRh 1R Rl VessB! I Bra ol RBive
t hrough an taeméedermaterialj nert gas, in order to cause the drops to solidify
by cooling into granul ates. _ _ _
- means to form, from the melted material contained in the second vessel, a
jet through at least one orifice,
- vibrating means used to transmit vibrations to the orifice, in order to
transform the jet into droplets,
15 - a cooling tower, arranged at the outlet of the orifice and filled with an inert
gas, wherein the droplets, falling by gravity, solidify to form the balls.,

and means for receiving balls at a lower end of the cooling tower

20 State of the art

There exist numerous methods and granulation devices, applied in numerous
industrial domains, for example in metallurgy, fertilisers, food or pharmaceutical
industry, etc... They all aim at transforming into balls materials which, melted,
25 have, in open air or under neutral gas, low viscosity, good surface tension, good

flowability through orifices and are liable to solidify by cooling.



However, in practice, there are few nmethods and calibrated granul ation
devices, 10 i.e. capable of |arge-scale producing, with good output, balls
of uniformsizes with very good surface condition. Besides, whatever the
Mat erial (organic product, netal....) granul ated by this type of technique,
it often happens that a certain percentage of the production is conposed of
balls vastly deformed or of balls stuck together, often in pairs, such a
pai r bei ng designated as a dunbbell. 15 StiII it is necessary, for certain

applications, to produce balls, nore specifi cal Ly mcroballs, wthout any
surface def % §X%W9|'thi?r\/@ﬁ°‘§p°§@§um dogHmADT WRAB10TRELeComesRANAING torst |

Bnd i sol at elie haiSh s i, ReChoREHThEod ity Bi0pRicdToP B Elrc makiIRs ' -
material W gRanueltes, 0’¢|t195 51h'@ﬂi' |mahﬁméﬁ frome mered métar Bathy AsebRd ﬂﬁthus
devices or Sorting 'devi ces, conpri sing hoggers rolls, etc... It 1s the

case not abl kyn@fn methsdfarjebefamehgd métat |sp medettcs pasﬁaé tMugh arsipratirgn
sust ai n shocks and ut mar mg‘et eir surface. Conversel

tion
cortaim casedion Rrehia HoTds st ie Ty HEL RBRAINE GorsrarerausaR IS Mhoul d
the wel i ng a6 J8 By, Bt BRIt 86 Sphere o ihert Sas ) 67%F o BgldtRe !
connect i onsdrobgrto@bﬁ@“g} ByEObllrﬁgiBﬁ@grﬁulﬁ@é\ ( Ball Grl d Array ) type. Still,
the netals used in the welding alloys are soft metals and the surface
condition of a ball conposed of such netals can be altered very easily. 5
hj ect of t ipvention.The HUL RS vent| n.,i n _balls
w thout “any OUPPEER RBftes (R RIS fafimbfibgs M ba BraykR diBnahoh deprec |
spherijecal , t | n i u
The - omosi 1 o of Higeretel & Eroplingy i Gfd eltH bal by ShpiraRiae
nmanuf act ur ewdndvariegoad mfmcoadnylonaerdas, wagteds ireamdterial (grganic

According to the invention, this targ is nmet in that the device corrprl ses
an 15 out | eRrogHahIBeta n ) 1GraNKIRiE S RY Bisstypepiderpaigyer Brofian barrenithatiar ri ng

of Uhe. el el IRLH @liab02) FABHod Rebfids BB RcRNIAL VIROTR A bROPT e!

into the sett nert gas he 'C omer cont ai ns
a pre-set palls stuck together, often in pairs, such a pair being designated as a dumbbell.

15
Still, it is necessary, for certain applications, to produce balls, more specifically
microballs, without any surface defects and with very accurate granulometry.
These microballs must, preferably, not only have uniform diameter, but also be
perfectly spherical and isolated. In the mechanical industry, when balls are
20 composed of a material with relatively high hardness, one uses generally

selection devices or sorting devices, comprising hoppers, rolls, etc... It is the
case notably of balls for bearings, for pens, etc... The balls may then sustain
shocks and frictions without marking their surface. Conversely, in certain cases,
the sphericity and the surface condition of the balls should not be altered by the

25 selection device.



guantity of oxygen. 20 According to a devel opnent of the invention, the
neans for receiving balls conprise shock-absorbi ng neans. Sai d neans
conprises, preferably, brushes conposed of pol yam de-based wired, form ng
an angle of approx. 45 with the traject@y of the balls in the cooling
tower. Cloth rollers can, noreover, be arranged on the inner periphery of
the inner wall of the cooling tower, above the 25 brushes. 4 According to
a preferred enbodi nent, the device conprises, at the outlet of the cooling
tower, neans for perlodlc wi t hdrawal of the balls and calibration neans
conpri si ng Wdarbefeasesoratanly, tfae thewelding alleyad balatiaipndedsto ba wsadin on

to their si |l sa _co se i ghin l1s of
each cat egoé@%go g{a&/gog'nhtcoggg t'% h@?%ﬂﬁ@g({vfﬁ%émqgggﬁeg ¢“ ga” @A

det er mi ni ngArrag W@pé’a&ilﬁtm methIeruseld mnmw&mgc&u@ystah@ sbﬁ'rﬁ@fawaﬁ@w a
percentage of balls within pre-set standards an8@ neans for adjusting the
frequency osurface corditinn ofja el iconposed|adtsuch metatsacah be atterachgery ebBilyt i s
anot her object of the invention to provide a device for producing spherical
balls-th a selection device of spherical balls enabling to sort balls of
uni f orm di i put aside all the balls which are not
perfectly sp &?#égﬁﬂe éggﬁﬂ§ﬁg to the invention, this target is net by the
fact that the sel ection device 15 conprises neans for supplying the balls
on a first tilted plane of a succession of tilted planes, separated by
spaces of pfhke QQthﬁen@‘rtbeom\sentmesé@pbéalnIb@ﬂswwthkwt any strface tdeteqw aMere in

the direction, of djsplac nt of the ba has a surface re

roughness iR éPH!ﬂr P ﬁgﬁﬁamué h&, P4 q?'él weRgetral, oyl %?ff@gl g di ng
to a pyef erécﬁfbn%ﬂPQﬂltﬁ@w an)f S I5h. e %HR\?E it &theBhlIS n%rbttﬂbef‘vé
tilted plane conprise a rolling plane, stop ans, ejection neans to ct
fromthe rdodtablegwithaeachjatkhl of, ntdmifaeturs arr&isltlnelgolaagama:ms vehe raraw rmns

regards granulometry.

According to the invention, this target is met in that the device comprises an
15 outlet chamber in the fusion vessel and means for ultrasound stirring of the
melted material contained in the outlet chamber before its transfer into the
second vessel, whereas the inert gas in the cooling tower contains a pre-set

quantity of oxygen.

20 According to a development of the invention, the means for receiving balls
comprise shock-absorbing means. Said means comprises, preferably, brushes
composed of polyamide-based wired, forming an angle of approx. 45° with the
trajectory of the balls in the cooling tower. Cloth rollers can, moreover, be
arranged on the inner periphery of the inner wall of the cooling tower, above the

25 brushes.



The ejection neans conprise, preferably, a hollow ranp, animted by a

| ateral 25 back and forth novenment and fitted with a plurality of air

ej ectors distributed evenly along the ranp. 5 Accordi ng to anot her
characteristic of the invention, the nmeans for supplying the balls on the
first tilted plane conprise a conveyor belt having a tilted face in the
sane direction as the tilted planes and a rotational direction opposite the
rolling direction of the balls on said face. 5 Another object of the

i nvention concern the elimnation of the balls stuck together. According to
a devel opnefccerding o apretariashemprinenty e aﬁyléetconsorrﬁés By theneutiei @f the

that the sel vice C ri tr of e tilt | anes

t oot hed V\hegggll{'iﬂ Me ngqggpgf géﬁaﬁ"%@&'ﬁi%ﬂﬁ%ﬁ%& Qnglq gﬁﬂ'g |r§‘egﬂ‘§|
conpri sing oM M@bngrfapgsﬁmwéqsaustlhﬁ) ﬂiréésca‘?é@éﬁé% a rélaabﬁttscﬂh@ia' !
to roll and prevent a pair of stuck s fromroll

descripti onsafestWhmayal\wm@mpmsﬂmeadsémﬂwg@hlmmmmmus |of59acls catddory
appear _nore cle on of particul ar

abodi frant SoBfaTIaRk 4t RRERMIBRraNoLPa hasy Y (P aielem Bl Gecle basinel

|
Fgure 101s @iﬂ?t&ﬂ%ﬂgcmﬁt@fv@&sRﬂsé@%%ﬁ%?fégﬁ%ﬁe%ﬂ?ﬁ@u@? N Sal et
of a devi cesageiardd ABdt mebine fon\Rfusting the Gtﬁcﬁle&c?ecﬂ‘r BRENIDatify GheRiLin

detail the |l ower section of the granulation pot o
relation to said percentage.

10 It is another object of the invention to provide a device for producing spherical
balls with a selection device of spherical balls enabling to sort balls of uniform

diameter, in order to put aside all the balls which are not perfectly spherical.

According to the invention, this target is met by the fact that the selection device
15 comprises means for supplying the balls on a first tilted plane of a succession of
tilted planes, separated by spaces of pre-set dimensions, whereby at least the
first tilted plane, in the direction of displacement of the balls, has a surface

whereof the roughness is greater than that of the following tilted planes.

20 According to a preferred embodiment, the means for supplying the balls on the
first tilted plane comprise a rolling plane, stop means, ejection means to eject

from the rolling plane, jerkily, the balls resting against the stop means.

The ejection means comprise, preferably, a hollow ramp, animated by a lateral
25 back and forth movement and fitted with a plurality of air ejectors distributed

evenly along the ramp.



25 the device according to Figure 1. Figure 3 illustrates in greater detail
a. particul ar enbodi nent of an outlet orifice of the granul ati on pot
according to Figure 2. 6 Figure 4 is a sectional view, along A-A of a
melting pot according to Figure 1. Figuwse 5 represents a particular

enbodi nent of a shock-absorbing device arranged at the | ower section of the
cooling tower of a device according to Figure 1. 5 Figure 6 is a sectional
view, along B-B, of the shock-absorbing device of Figure 5. Figure 7
represents, schematically, a particular enbodi ment of a calibration and

wei ghi ng dedceerding inarethat charactaristietof die invention) thegneane forcfupp iy ithe
according tp Figure 1. Fiqure 8 represents, sch tically, articul ar
enbodi ment  BRISS8dfe List dfledalies cBmPSaa SoRENST GPRg AN Adter aRe e
Figures 9 apga &RAERT tyid i 3! 2. §l | ew
and & Dot t oy E e HBREE 18 HaREh Bha cFidtiond YFREfon Leps T BigRM

si tuat ed updirectmm offthe thalls iohtsaid fdegnes of the sel ection device according to

Figure 8. 15 Figure 11 represents a particul ar enbodi nent of the outl et
rolliny plane of the hopper of a device according to Figure 10, seen from

the free en the raqlli pl ane.. Fi gures and 13 i |1 ustrat he
respective §8§{hﬁroﬁgje§ qfﬁgenwgpﬁgopa%cgﬁalti\@ ?ﬁ@'%fqnep?rtbﬁl Sﬂ'&s ﬁ“é% of
t he hopper {O@@tﬁéw extrene positions of the ranp. 20 Figure 14 represents,
as a sectional view, the toothed wheel of the selection device according to
Figure 8. Figure 15 illustrates the positioning of a pair of balls bl ocked

inside a grgove of the toothed Wm?el according . to Figure 14. 25 Description
of parti cul AFCURRSHioR fexelopment Of e inventies olis Ather Sbigcyis eet bydhsifases a

vessely or ngpl itﬁ@s@l‘étc?i%rg g%g%%eéioorﬁéfrtiﬁég Joi s?rré%in?g?ﬂ{@eﬁff@q éga?felsplﬁﬁrﬁé s ed),

wherein the naterr al S can beinjec rm of

sol i d al | oywhoyl amianstedfbyaasrepational esdvemerdiheunat gtiltRld, axisj et eSmipfisire
formof billets, of ingots or of bars 3, is nelted in the 5 fusion vessel.
A second vedesgitudinalgraaveawheneqidhe sjzes enabie andsplateddesil to roll and prevent

a pair of stuck balls from rolling.
15 Brief description of the drawings

Other advantages and characteristics will appear more clearly from the following
description of particular embodiments of the invention given for exemplification
purposes, without limitation thereto and represented on the appended drawings,

20 wherein:

Figure 1 is a sectional schematic representation of a particular embodiment of a

device according to the invention.

Figure 2 represents in greater detail the lower section of the granulation pot of
25 the device according to Figure 1.

Figure 3 illustrates in greater detail a particular embodiment of an outlet orifice of

the granulation pot according to Figure 2.



appropriate neans (not represented), is connected, at its base, to the base
af the nmelting pot 1 by at |east one transfer tube 5. A linking tube 6
connects the upper sections of the pots 1 and 4, above the level 7 of the
nmelted material, so that the pressure P6of the gaseous atnobsphere on top of
t-he melted material is 10 identical in both pots. Mreover, a |evel

detector (not represented), is connected to feeding systemof the ingots in
order to maintain constant the level of the nelted material in the pots 1

and 4. The granul ation got 4 conprises conventronall , at its [ower
section, atFlobseeipasecyopal \fleWea@nSfAﬁv@ advelting pet apcor@mga@dﬁgurﬁ th the

of the or ancigf o EBredEnE o, Retlic Bal, Erpuotiiat 4 hy Sho-hBEAE S Bivie s
of a vibr ataﬁgn@@dr |a€€tthé0|owml§ébt|'o$r antretesdiing tbwef oaa/arewc@aéc&ﬁ%gaftd

forth novenent. is well known that the vibrating pallet 10 is connected
to the vrbrE@UﬁEQ for exanple of electronagnetlc type, by 20 a netallic

rod 11 whic throu e lid 12 t ranul ati o ot, 4. thr

[ Poht asscgetie Rt Arsilinel e, et Bip 2ol Mok s OtuR R stiosoes el
10,000 Hz, greferably between 200 Hz and 6,000 Hz. The material, for
exanple a welding netallic alloy, is nelted in the nelting pot 1 25 then
transf er r edFigard 7qepbskatsnschgnidtieally, @Eémbutamlemtﬁ)dument bEa watibtdtiehi i pot
4. The pressure P of the gaseous atnosphere (nitrogen for exanple) on top
of the nel twaighiigedevice pyangad @t the pelietnidhe coolingitawsyaf & devies aacarding ol
circuit 13, 8 in,order to inpart a pre-set speed (preferably between 0.5
and 5 m's é@éﬁgﬁ“hb to the dianeter of the orifice) at a jet of nelted

mat erjgal gokigdrd Y PR SEA) é&HefnhgtrcaS Eaﬁ.ét@avebn?&f&.rn%t Yt 4 Rlection
granul ation pot. The vibrations of th rating pallet 10 are transmtted
to the | am dewmicg etanmltfaoomdrlh@tanthe‘nuenﬁbnAs 5 represent ed on Figure 2, the
' [ the dianeter is det er mi ned

jet 14 is then di 'y£ into dr | ets 15 m@ere
mijnl y by t Eubﬁsaééil 8 BiPres to'r"‘i giegden ﬂﬁ”eff%%%ﬁtv Yafghig \Hewwwsh ago
?rnl I 2gow t hb%ﬁberpﬁég ?a&‘ﬁéedr'%ﬁ %K't@ey 'sht/. tﬁ@%&t o?ﬁf?ﬁ) g’re&éwéeéb&%ed. The

use of hel Iuﬁﬁtrelaﬁdﬁfth@ titeRBSIHngs bATHE we@tﬁim@@m@aw@ar@w gfecgt er than
10 100 nmbars, preferably in the order of 50 nbars, perfectly regulated at

1 mbdb, endfipete ﬂ?apFBﬂrQS@@N agparticulas embodiment ohithe utiet BING planexaintbice.

The hei ght ,of the.co n S co ntro al | ver al ers,. 7mfor
example AfSRE of Apavige.aciiting &, EuE b Sepd dtrdhe 78R Sha 8 heudting

ni trogen orpigheargon would inply the use of a tomer approximately tw ce as

hi gh. 15 e or several orifices 8, circular, of dianmeter D, are preferably
formed in Figatesr12kandhi 3 lilustratethenedspabtiee ppsitioas raflthe anoleitecranap agai ofg

t hrough it the syrface tension cancels the s ficial tension
o The mt dRe ulBE e plane el aIioRRsT 12k Bip PR G RASoNS Ol BB EamPhe

orifipes 8 f nt
11 0Py at od BT eBlo S 14 Proriihal vidds e toRued Ailefidh e SRR
made of sta;js%@&ccfdr@rﬁb terRigeergri ses at its |ower section an insert 18, of
sapphire or_of ruby, wherein is formed at |east one orifice 8. Each orifice
8 is delinddge® b‘»‘yll@svéltqstteﬁpvetwmn@fofraepglmof halishlackedtinside & geagval oft o

t he dlanet f D =450 ~mand H = 190 25 p, m
In the partf‘%gt?%;[bgg%ge&?ﬁghﬁ%g @F’g@bg{% and 3, the orifice 8 flares up in
its lower section where it is delineated by tilted or curved walls 19 of

the insert 18. 9
25

Description of particular embodiments



According to the invention, the nelting pot 1 conprises an outlet chanber
20 wherein the nelted material is subject to ultrasound stirring. This
stirring can be realised by nmeans of a bar 21 dipped in the nelted nateri al
contained in the outlet chanber 20 and @nimated with a vertical back and
f-orth novenent by a 5 vibrating device 22, for exanple of piezzo-electric
type. This ultrasound stirring, for exanple at a frequency ranging between
20 kHz and 30 kHz, enables to inprove substantially the surface condition
of the balls. This stirring cannot be carried out in the granulation pot 4
since it mi e daviee@csordiag to EW%‘P Tt eRMpESed vea$%!rqraneltlngcnspgﬁ haategrby i ces

8. This stirrin caussessen honp atlo f t.he, mel t

mat er 1 al  bet0) BPBERTET Ao A etRasg it T e Pueral ergeliPr eng i s
performed oIl ddh bdhigutetichn HBIBRAOL 3Biid il6y, by‘m%aﬁ@%f'aoéh;%)( Hd g
pot 1 situated In the vicinity of the outlet’'of’ the nelted erial towards
t he granul anaterighoinjettaddn therfeinm of iellathpbkingate or af bags &, ieaiteeint e 15
In a preferred enbodi nent, |IIustrated on Figure 4, the outlet chanmber 20

has avol uf¥saraVeesek HhrsagomdoxesealePy %@%@ﬁ'oﬂh@t\/&b \#180 d1eatad Bylaning
nsi de t o SRAPRr RS b Fghte) Bl dFRERY 14l s e gt B 4

mllinet reahéfméltnﬂgagmlﬁw dMdagtiond ﬁah@féeltuwst jAOIhKify eutsd Becdnm@crestreed
material to enter the 20 outl et chanber. %enl sation of the nelted

mat eri al bedppes seconsjobthe pats handet, ga’cmval theilevelpbof thecmeéted material, so

si mul t aneo the dis n of the stal lisation adthe. .
Suspenat on TR heePpsEurE Bl 6 csepe araSPgers: Srios Bt Menerer daateral iy

m ght; 525 di 0 8,

| et all one Og&ﬁ%&,{“gg{ﬂd@; [ é/lo&%@vé?%i%%l I&Eﬁbﬁ notrt]?)%@%%ﬂ{ae[&‘?a@é! Oblhgg%rqot
cont ai ni ng toHeeding systermdf #a ingoty imrorderc &s nisihiasn \Gonstantalie dovairofsibe at
their surface, craters of various S|zes and dept hs, which nake it

unsui t abl e meked gateyialin ghepetsohped 4. U t rasound stirring according to the
i nvention enables to attenuate considerably this type of defects and 5
general |y even to nmake them di sappear conpletely. Utrasound stirring can
be perf or meghepgramaRRidhl pot 4 EomPhised E6nRhtidAR[P ATEE |@wa sbOGH, rattléa%i'fdnxé by
the control cifcuit 13. Il should be noted that the nelted material can be
t r andfer r ecrificatd alptesset dlamtemmroughmhlchaMmelm altoyditales tmthegﬁoamuifat i on

pot 4, whereas e.effect of, 6 honogeni sat | refle ted on the surfac
condi tion & l?thé&]B’étPraéorl EarF?‘ieFj chéﬁ cf ﬁﬁt grany amtpqte frﬁn?’ﬁ“ts

st andby for, r i

the granul atll?rgﬁeg%?é ?%gﬁg?eeg goq)ﬁg]%tgﬁ%ocﬁ ﬁﬁbhé{m&f?@%? not %g'rn%rreasur e,
enabl i ng t avitmpf anesrtibal sack and fodhdnovement. It isewbﬂlkrmv@rﬁthzhttherwbkatlng

consists in acting on the nature of the g@s contained in the cooling tower
16. | ndeed,padgt aO@Pen@ecft@désztth%mrytqrr?p i @xamplgrof elactépmagnetia ypes byhe

anot Rr - asetB e e bl Phos husiloh WIEH 12 4 WRT Gre @Rl yadt + (R act,

few ppm fqrfghewﬁahgel thhﬁe@.:é’fﬂf ef tH® viralibRs FAAYES Hetveehezbd Mahhe

inert gas of the cooling 20 tower 16. In the absence of oxygen in the inert
gas of the 1660 Hg, peieriablyt betwegn Dy aed,000 Hr their surface

m cro-facets, which disappear if oxygen is injected into the inert gas.
However, if t he guantity of oxygen is too large, the balls do not always
have the ' ol hferiERTeF bﬁarfngae & wellifg @%amaaén ge.s%ewéa f@ﬁ%@mng pot 1,
honmogeni sation, in the outl c anbe of lted materi al

i njeesing dhem darasnetermth Ilqwddbrmxbgdelme |tmferhebe(ﬂqlmrtge gr&ﬁultahmrpo@rﬂabl es
to maxim se the surface _condition of Ml cal balls, notably of mcroballs
formed out 6% RICREYE REf ﬁ%@saﬁe@uwﬁmﬁp @ (pizogpnifshexampled O@atppso dbet he

| ower end %?&%gﬁm%?gﬂ, N9 hX&] %%e'rr?‘lapgfuwegbameéyla}r’endjB%egﬂrél%II%YJR'1%, any

alteration esur ace CO ron o



numer ous known devices, the balls are received in a liquid. This type of
reception has the shortcomng of requiring drying of the balls at a later
stage. In the preferred enbodi nent represented on Figures 5 and 6, the
shocks are 10 essentially absorbed by braushes 25. This enables to elimnate
any liquid in the reception zone, whereas all the phases of the process are
then carried out in dry condition. Each brush 25 is conposed of

pol yam de- based wires whereof one end is fixed in the vicinity of the
junction of the |ower vertical section of the inner wall of the cooling

t oner and ofh @rdesde inPan aprreselsspertk(prpiasably hatvaan dhglaadd mys according

e “subst alf 1 ApArhtel e ST gt ot e Cmeerial TR bR Bt
enbodi ment, ofifgs PiakIA8SIoweraPaUtRA GﬁttﬁéYeraQ%deﬂdn” pM.ldTHe RBRADNSCot the

pairs, are distributed along the periphery of the cooling tower, whereas
t he free endibrating pallst t@xareftransmittppdsi the laminhefetatr4 from the cofficerde As

anot her. The di aneter oé, the wires is _srTEI I ec{‘ ,éo than the dianeter of the
bal | s.? The Fﬂ%ﬁﬁﬁ?t?ﬂt‘%ﬂ guree, et dd isdheniiwded)intg ‘i’fﬁplﬁﬁﬁﬂ%ﬁ%fepﬁéhe

shocks have r Wt teri o Lk I . ik ock
absor ption 8%%%8%%?@%”%&%&s%&stﬁ%&%gi%rgta Dr Z’géﬁ?;bg'f@%e@ r(élt:eg%ﬁbga

cone 26 canrdigjig betvedart 80Yarid8008®).0Thé elrdslets fll, bprgtheathsidaasdeosling 25
pol yam de-based cl oth, arranged on the |ower periphery of the inner wall of
t he cool i ngtawekelS, fillkkd withtareinerigasewherie they $aidify 23 forwhspihenicay bals.afheanged
vertically (Fi l#re, 5 and 6) cover the zone si tuat%g i nmedi at el y abgve the
12 brushes. U%g’ RBER. dindgrisaPressyse fRPOINALGINEEN FRIMDIE ank JERAET Han

t ower ;o Whi Cc SS) : CraUS [ LSt 25,
0 M TR RE LSS Y1 ST BRI A4RRRI o0 TR,
ext ended byegableskapi8 dodlihg df \thé Bahs, withiat2 ¥aB \eefo? @xanthlamaihbight vathee 30,
both operated by the control circuit 13. The |ock enabl es peri odi cal
wi t hdr awal edolingdowar 16 iaconventicnady iseverad maje e t7n forexagple. Asather e s
are then transferred to alibration s em 10 In the partjcul ar

e usenfChiides Hi e

S
enbodi nent 9% FiGlPE UBed RLCBUISEs RRWRRTal US§p?icaitTrgepRivleR 9PHoWaHK 300
g/m) fall ; i i LeiLH etai ns the balls whereof
t he sues ar@é{%?ggét/le‘%é/?ﬁgﬁé\g?g?@@{i)x@%%@a%%&,g%ﬁ@%al | s which have passed
t hrough the upper sieve 31 fall, through a first funnel 32, on a | ower
sieve 33, which lets too thin balls through. Said balls fall, through a
second 15 fORAIr saverahpdfiees By sirculan, of diampeters P are prefesindeimed ¢ @he

st andar ds ' j.n I i gve ni ng. t [ exe and
33 upsi de %\%ﬁ%rﬁlf\&éﬂ@gl i:ssn%ﬁlgﬁt%‘aﬁ’f% byo%ebl géger?quahghgggg?%rghsﬁégta%tjdhe
standar ds, whereohtiseduifacd Brisior eamesls ithhe bMpéHicil endidee of e thatéhlfteo et h
funnels 36 and 37, respectively into the second and third tubs 38 and 39.

The bal | s agranulaied.doartexemplification earpeseasatheyorifieas 8jane made tbsapphineresi r
si zes;, the conplying balls int he thir ub 39. the ball hat are too
Chin Tont o 1SRy bt phficuker AthBotilest sTialely o ot 2380 3 itF val Fedfone
tub 38. Firg, hijgr : ’ el y
under i he £esgEERREIERAL WIS MaRALPSIdRlesd s83Mafd oBBEgs ROk
control ci rsagtionE, insert 18achsapphiscor ofrubycWherdihés Kirgieal &t [ddist ovig arifiteMB,
representative of the weight of tge balls coll ect eg hr espectively into the
U

first, _seco&rdEﬁ?m o[riﬂpe(f f%ﬂ@!in%ﬁ@ cl_?)\hlarb?rt'callg’agi Pt hetght 31 cfé‘?%'ferﬁthé&mon
the basis O%/qt}eﬁ“ttﬁ tl‘tﬂ%'gggls}b&%r'U!gﬂré;ﬁhéfgﬂ'edté}ﬁ?ﬁ&ﬁ%ﬁ} BIE 4%#913'4&1 iy L Rgpawn

whi ch conply"w andar ds act on e grahul ation paraneters to

mai Ntpgi N anAuiiie saridglal embiddimehnofoFigurise? bed 33The Grified B, fldr8s updntitsol

circuit 13 regulates and adjusts notably the frequency of the vibrator 9.
lower section where it is delineated by tilted or curved walls 19 of the insert 18.



5 I ndeed, the increased frequency of the vibrator 9 tends to reduce the
sizes of the balls. For exenplification purposes, for a rated frequency of
the vibrator of 500 Hz, the variation may anount to 5Hz. The invention

al so concerns a device for producing spherical balls with a 10 sel ection
devi ce of spherical balls enabling to sort the balls of uniformdianeter,
in order to put aside all the balls which are not perfectly spherical. It
has al ready been suggested to sort the spherical products of different

di aneters or exhibiting significant deformations by neans of a tilted

pl ane, 15 wAetwding tethminventioe, the maltingpobll sadroprises aheoulleteambea2ed by

N ICNC

di aneter, Wdis érﬂfme%ﬂkeéfaé‘%% :mba'igaég i%ﬁé%ﬂ{aﬁéé‘%&@ﬂﬁf EShiaihedIH fie
over a relatively Harrow range. e plrpose of e sorting operation Is

then to el iouthtchamtbert 2@ ahdldrimatad tvitre venicapbatie @ndyfoshhabiemenaby a
wher eof the surface condition is not perfect. In the enbodiment represented

on Figure gvibtaiiagaiamies:22otasraxeple of pigzzoreleelsic 1gpe.ofhis sltrasqmshelirring,

wherein ar I I rted. C ub i nged, at 1 he
outl et of '?fﬁz e%é@?@é%ﬁo$?%lq®8h§¥ ﬁg@@ﬁﬁ%&ﬁ% bg? @ﬁgggﬁigﬁagwgg%ﬁe
ball's are ﬂﬁ'ﬁ:ﬁ@@'e %\’J%t&?‘)_tiﬁ"ﬁ_‘fﬁé%Uﬁﬁc@fc_ohUltfbﬁdofpthér‘@cﬂléﬁis &thin not k& and
44d. Each tilted plane is situated slightly beneath the previous tilted

pl ane and ecardedoutrathe geareuletiors pphd atirce itvmighti disberbi the flow téthehseiesl The
voi d spaces between the tilted planes enable to elimnate the balls which

ilte \ .S )
arrive at tRatesigd thyoughithpirdicgs Shd is SHBING FrMSasEsEAdRlY hemaganisationspeed
top ove e b t.al | ' L t.h | ] I n,b
succzl?zi Ve 4 %?egéiljt'egn@?_ﬂéﬁ]aq BdtblE Defl FHe et R thé!drhRdabEhESE 2 PThi
stirring is performed only in the outlet chamber 20, i.e. in a section of the melting
pot 1 situated in the vicinity of the outlet of the melted material towards the

granulation pot 4 and wherein the whole material is already melted.

15 In a preferred embodiment, illustrated on Figure 4, the outlet chamber 20 has a
volume smaller than approximately 20% of the volume of the melting pot 1. A
wall 23, which can be curved, delineates the outlet chamber 20 inside the
melting pot 1. The wall 23 is fitted with a passage 24 of a few millimetres (for
example 5 mm) at its lower section to enable the melted material to enter the

20 outlet chamber.

Homogenisation of the melted material before its injection in the granulation pot
4 causes, simultaneously, the dispersion of the crystallisation germs and the
suspension in the material melted previously of micro-impurities, which might
25 disturb the flow of the melted material through the orifices 8, let alone obstruct

said orifices.



Al the tilted planes have not the same surface condition and that plane is
controlled perfectly for each dianeter of the balls to be sorted. |ndeed,

t he speed of the balls depends on the conbined effects of several types of

| oads, 10 notably of the gravity, of theQfriction |oads, of the aerodynamc
|-oads, of the interaction with the rolling surfaces, etc... The tilted

pl anes are, preferably, conposed of netal sheets whereof the surface has a
control |l ed roughness, greater for at |least one of the first tilted planes,

in the direction of displacenent of the balls. The roughness of the first
tilted plank ceabe Nofeddbat atdpyica Rat contaimipgityis alttamung $tlrr'ﬂ§d3r91ia¢%% in

order to sl h

the traj eot SH0F SHROTRRS cdpfithee, 3 Matlshilies Sunst et oPlls kel badms™
defects is wnléﬁ%aR@itQJr%QﬁﬁbI%ﬁor WEinghn tefstionics, ﬂ|@&é@lﬁ\@ﬂsﬁrhﬁg%bbpdlﬁ@tbsl ng
it to fall between the tilted planeS 44a and 44b for exanple. The presence
of a cont r oihiee thvemiigitn esabidso i cattentuatausensitlerdbly cthisodyp® ofndefemds,anwhi ch
m ght 20 cause a degradation of the surface condition of the balls, but
unset tl e t h@gnerafye eUEn Jpimake Hterewﬁ@meacrd:qrﬂelpte xm'élt@ﬁqeeg Stiffng cand es

the right sphetical %aﬁeha Bte%?' %@emtetjabﬁ muaﬁftétbg, fq%gch

consequently hlgher et s eds re ue roug

surface of ddrrdlicircait 13! amulldsbérrﬁﬂédeméiythahalm ﬁmemrda’:lﬂ@etfeﬁ@ferre‘wr
exanpl e by sandi ng, shot-peeni ng any ot her mechani cal and/or chem cal
means, or ROrdiversly ftgmetﬁe QplﬂEb@?abeef e@é@wa@s tee@ranulatioa ppt éf wheehs
enbodl ment , bot f| r ilted pl anes 4b _exhi bi t

roughness, tWﬁl ed gg{%nlfsgfj) of & refﬂeep%g@ ﬁte ?Wia?%ﬁ’@ mgf’l ?f%' ptP%”ﬁe
44d, ypossi béx)érp@ftfhé Mdifid Hétbﬁgl PhARC 4R ﬁtngtagt%?)g fBHa (WHfaif tﬁﬁ?f &t !y
smooth surface. Interaction between the surface defects of balT's and

t he surf acesxeonplificationopurpbees il &xl 30! mmesn tthe granalaties pot ¢Ibdb|rerrgomtgl on
of the faulty balls. 5 The slope of each tilted plane and the spaces

bet ween t wdhEQHGhebS; arices & ed pl anes are deternmined, in relation to the

di anmeter of the balls, so that the balls with very good sphericity roll on
the tilted planes with sufficient speed to pass fromone tilted plane to
the next. BEmséthir!mhedsitednendiSIY ité Eimpratei the YDEaceasoAditisACHi @e LHls
upward curvature, intended to attenuate t he shocks upon reception of the
bal | 450n thlbtainledeGODSLé‘tﬁalraﬁdﬂmg)Oprfé!@emﬂturfh@flﬂa@Ig§8f¢mﬁahﬂ@dnl0| tng ¢rading For

[if | b
wher bof ' hdoweh ik dRASES, saifcadtite & aRfemeli fRPeudnl tor BscrPhbrtBhhgne
has, in hordg@n{dir anélgl?rs?i mﬁﬁ‘lﬁhﬁ’éh aﬁd'tﬁ@ﬁtéﬁrﬁace‘r’!(?nﬁl‘h 'Ac%%rdriﬁgttg%n%tﬁé?r of

10to 15 cm and a can be in the o verti cal
space e2 beaapeehotm meneema(@re-tset gdaplityrefsoxygenppreferdble e fetvapprar farqual

to 1 cm wherea zontal space el can be. in the order of 1 cmto 3
cm The nurffé@m ?"t ﬁtec% %Ioéﬂééo 1§0|9Rmﬂ%@%ﬁt%§6’ﬂertt‘¢m% ga$ of the eqalisgof

the Bglls, WS[‘ $6af t)ﬁera%%ghe lf"ca);( &rpqzthaqﬂe]rg gg%%f@?%w@ﬁteq t{ouret gtg@\ﬂa?l'é the

ball s, the er they anes

must be snahay b&hmaéﬂtﬁeb‘(mdfa%%l mcdroaacetEhWhhﬁi beappeam cfxt/gahﬁétmjé'éteaer 43
are fed on the first tilted plane 44a b
into the inert gas. However, if the quantity of oxygen is too large, the balls do not

always have the required sphericity.

25 The combination of ultrasound homogenisation, in the outiet chamber, of the

melted material and of injecting a pre-set quantity of oxygen into the cooling



means of a rolling plane 45, slightly tilted, extending fromthe bottom of
the 25 hopper 43. The balls exit at the base of the hopper 43 through a
narrow passage 46, under the effect of the forces of gravity, in order to
forma single layer of balls rolling onffhe rolling plane. At the free end
of the rolling plane 45, the balls 16 rest against a stop 47. On Figures
8 to 10, the stop 47 is conposed of a cylinder arranged at |east over the
whol e width of the roiling plane 45, perpendicular to the direction of flow
of the balls on the rolling plane 45. The balls align thus before the stop
47. A spacelowarednahles fmaxieisg theesuffaes cangilion, ofsepharicad ballpenatabheef end
of the rolljin n fromthe stop 47..T palls aligned in front of the
stop 47 ar eh‘éﬁqgﬁ%@df%féggﬂﬁofPd’}‘ﬁ'ﬁﬁ‘@ ’F‘SF’\“!%%FQM- ane. The ejection is,
preferably, realised by a ranp 48, conposed of a holl ow tube wherein
circulates continuously a flux of conpressed dry air or of inert gas 10

(ni trogen) Engoecepdion.of the balie at HreplotReriendoofrthngedlipgtelveel 6 is) greferalblgp 47,
above the free end of the rollin |.ane conprises a plurality of air

45, |t
nozzl &s 49,93Mpepeddor ayaidaany r?é?esrgﬁe@ Qfethenstripee randitionr ofrtbe bals.oln t he

rollin I 0 A i f al ong,t he r 48 a
form ng Phgﬂg}qg@oé’r rsRﬁBFQ“}é‘v?%%e brth%ﬁ%%né?é p{gégﬁgbhgjgg@ﬂﬁry htgg?oafjof
bal I's al i gnedeptior hastheshdieoriingi¥8qdifin qugwm bankal ¥ iRbestagan of the
balls, the ranp 48 is animted by a jack ?no represented), with a |ateral

back and forth novenent, perpendicular to the direction of flow of the
balls (fromleft to right on,Fiqures 10, 12 a 13 n th 0 rolling plane
25, The r eopdBe: Riefertad erticent kErearpterboR o antof e iacksctied for
t wo re ki £ Y A t.are
epr atent oc o Lol ABs b1, bRThel 9.0 B oM minate AP REBIFR L2,
at its freeaeeaptiornboiaatiesread allahe phiases of tHa plosess aftd-trgnrcarfidd but in dry

triangul ar seen from above, which divide said plane into a plurality of
| anes 51 ofcolsiitiasadianh Aushn2S i cormposediRayanilesdbasest vliresdvhgrepéope

cecti on’ of &7 o aIn e sRinh G 18 ipBR B LatER e BRE fietiesior s Whe.
45, has a lpapbhihbloodling toer aRE* P2 Rcepibh 88ha28NTTheRsitaCiRs an AdgR! &
separated by a distance 12 (figure 12). The base angles of the triangul ar

obst d6l es Sppdekimatatye 46hewith Spe deajeetary off theeballs indhel esolity towent ite.
extreme positions. of the ra Figures 12 and 13), Thus, at the end of
the travel S‘{bﬁgﬂﬁ'@ﬂ)ﬁ at”a‘ﬁ%glﬁg*i ‘é&i \&'ﬂaﬁfée cYPrthﬁ’ég]@ BRE rp%ﬁ?ﬂ@?\%’?tv Yr t he

air nozzle Ftﬁ%n the: f ot i1 Al-B5S
com ng out SD&F}&E%%Q?EEE tlél %Egﬁh@r@#ﬁ’ c@%ﬂ%éﬁ?‘ékr&%@tﬂ%ﬁﬁg aJn%IIgﬁbed
beneat h t hehelztripblees obthardoliagtover) ehérebsethbatrdes endsasfgted wined b tvanes
51, on the rolljng plane 45. Conversely, during the di sfol acenent of the 10
ranp 48, tw@paﬁﬁe?)é@%aﬁer@ o of Ane aRothet. The Sirmetasaldhpaviers isismaliesch

| ane ,gause i i (o] f : i j 7.
£ octPon | &7 R SRl 8l el 08 feafi? of B bARNBRIE e kalls FiBRof
dwel i ng tidgieedhe ERBckRNEVEbebRtBsedD, ANABLESItr PR Surfadk oftitioRnt
ejection,, jerkily, thereby clearing conpletely the space downstream

before ejection of a new row of balls
Shock absorption of the balls by the brushes 25 before reaching the reception
cone 26 can be completed by the use of rollers 27, preferably made of a
25 polyamide-based cloth, arranged on the lower periphery of the inner wall of the
cooling tower, above the brushes. The rollers 27, which may be arranged

vertically (Figures 5 and 6) cover the zone situated immediately above the



15 and limting the interactions between the balls liable to alter their
surface condition. The quantity of balls present on each rolling zone is
thus regulated and limted. In a preferred enbodi nent 8, the obstacles
delineate 7 lanes 51. The length 11 20 2 the triangul ar base of the
obstacles 50 can be in the order of 20 to 30 mm for a distance 12 in the
order of 130 mm The duration of displacenent of the ranp between both its
extrene p03|t|ons can, for exanple, range between 1 s and a few second
(frequency |ng between 0.1 and 1 25 The ball s e] ected are directed

by a baffle - Anyi $hask qfaeQaBIagalrb%ﬁb@merbwaH of the me ling fgweyr, mehich

bar 1 o) eot 0 BReeRVREREpsPR By 0P pBLbab udngl a Y8R 35 3RS Hed 1

53, arrangedahpeeatih the assenbly conposed of the rolling plane 45, the
stop 47, the ranp 48 and the baffle 52. The face of the conveyor belt
whereon fall the balls ejected is tilted in the sane direction as the

tilted, pl 44a to 44d. t at | di t belt 53
st he Feyel B8 TBFoRURD Foie PAGSRBGOB0NE CAVST 1 REDABHYoR 160k 25 fided N ( ne

conveyor be I t ilted
face of theééeﬂggggpgﬁ?ngtggv@?l W?WQ@ rst to?PFQgHCq);a%g @{Itroq’%{&mﬁb

di spl acemenThs Mderoﬁblétlpeaodlmaywhhd‘blalv\lalIo$thﬁ1balﬁ1a6@.|rhblated imethareeepticH
balls rolling on its tilted face in reverse direction of its 10

di spl acemen€onedenSeRdalisase then tragsisreddo aealibsatiomsyste@at i on pur poses,
t he speed of the conveyor belt can be in the order of 0.5 to 5 mm,
preferably 2 mlmm. The conveyor belt nmakes a first selection. Indeed, t he

bal I syou th Inaﬂhgepasrﬂéulaﬁén%fdﬁﬁéﬁt & FIPI]?e 9'0¥H@t ﬁeII%a\IVItﬁdra‘Om ggpﬁiﬁéﬂﬁ%tvﬁéeﬁ or

which roll too slowy on the tilted face o conveyor
evacuat ed t t0@ads 30%:gireay falybyt fmavityroregorudper tsiéhle ahdvhiah Irefairisthe baltsst

tub 54, whereas thﬁ balls with S{)ﬁheI’ICIt roll, in reverse di rectlon up t
the first tYheepighgrdizesare egiar tbangprerset stagdards.  the padaaviigh h avee

bal | I t

B vmen| popRd ol ? hERR SR AE 1 e Igbﬁgﬁpegrnpsgéﬁnﬁéﬂaéugnz&ﬁ%ke .
| ast sel ectgieve mwetalhtlbe o thin hefiler ¢iro @gepSaienbas AP thedfH a §dbdnidour e
8, the strip 56 conprises an upper edge |inking two wal I's wher eof the one

directss th unaet 8t uratloI@ ftf@hﬁ:bj@& Hérenbppe cos@spandingaic the standardsvareuat es
the sl h fall fot dge .25 T | ect

tovi oo descrage IR Buiedisieve R BElRino B BREa AT 33 hsidk ddfn s Gier
di aneter i rbél%' @hfcﬂrhrbqobfmgrarﬁymeasﬂscwm&ht fneBy tIg‘LsYaﬁJé‘?d?aérIe %ét?swd% a

perfect surface condition r hopper . However, 1t ‘may happen that
19 stuck bafall,sreuspacmvetlylmrhoypme ttrd &l tmartttﬁuneelsrsa)andmﬂr oespeatiedly inoe

ot é'bf’fS ohdhSssdnand apBokg: fing bl and Be. M BalscAteof. 69”B@I'E‘{°§§££t§hgase
on dijy eregaét%%c%e wPI*é’IQﬁ&n g&fbe‘i#@ieé RRe c%HFI@Hg@a{IE%oHﬁFrthl'ré ﬁg,st'hgwe

down, for when ongi t udi nal € pair

(Fi gure 15)bdlis thet iam:tdcytrmrmenue divstatubt3s hhe thé balls iteat af t@bstﬂb asienpst of
the balls. Also to elimnate the stuck balls that nay reach the hopper 55,

the devi ce 58$0nfiteh 88abl y) added a toot hed wheel 57 of significant
di aneter, for exanple in the order of 30 cm arranged downstream of the
tilted pIanes. 10

First, second and third scales 40, 41 and 42, placed respectively under the first,

25 second and third tubs 35, 38 and 39, supply to the control circuit 13, for each
extraction cycle, the signals My, M, and M, representative of the weight of the

balls collected respectively into the first, second and third tubs. The control



In the particul ar enbodi nent of Figure 8) the hopper 55, in the formof a
funnel, enables the balls to flow on the upper section of the toothed wheel
57. Said wheel is animated with a sl ow novenent of rotation round a tilted
axis 8 and conprises |ongitudinal groovke8 59 whereof the dinensions enable
an isolated 15 ball to roll and prevent a pair 60 of stuck balls from
rolling (Figures 14 and 15). The faultless balls roll into the grooves 59
of the toothed wheel and are collected in a second tub 61 arranged
downstream of the toothed wheel. The pairs 60 of stuck balls blocked in the
grooves r ot @@t 3 Hetarmninestancthalpres of dtisaveigbingdntoraationdtieaperagptagevi t y

the.ar oove ket HEpHEFh WA ESRE Wi TR <R PR Al v el et T on
of te o0t pardmien to mBpYEN ol doselty 0% ISl derbrlrshradmenpticcs.

preferably, several hundreds of grooves. The bottom of the grooves 59 has
appr oxi mat e¢gntdal Zincuit 1.Bragulatsstansl adjastst motably theefr@Gudradyl of, theovibtedor 8. pair

of stuck balls cannot be pl aced perpenpdicul ar tq the groove and roll into
sai d g¥oov _ndfpggcﬂ'@s@cp%gqgﬁfrpgu %C&FQFﬁ‘%kbéaﬁoéa‘?dﬁ“FS%ﬁthdHﬁ@ the sgassof 20
59, the ap ef o e f er.ahl

wth a s ohpigAls,Fof xefieliandl BiRtess for & stedi Saudticy S AR Vibiaror .
arc of circs@o Fel thel ngidtiod may amduntiteuresiEe, of the toot hed wheel can be
pl aced perpendi cular to the grooves 59, in order to act as a barrier in
case of a bottleneck at the outlet of the hopper 55. The invention is not
limted to Lhe.particul ar enbodi nentg reprgsented.. I n rticular, the
nunber and THE GYHIAN B15Q RONGPITS BedeHCB 0T oGHPING, SRRCHEEpal it g
repr nt e e kb i g | J L ghi t he
bal | S0ar ¢ metectiqPEgeVice bp SoneicH bl eniBing 8 BORMINEBAIL BF uHfo 6 dhinler
appropri at enmedastoqapaiide all tetsifsaivhicl dre@obpbHactosphericag with the

standards fromthe other balls and of supplying the requested infornation.
The nunber and the |ayout of the sieve, of the funnels and of the tubs can

e ot o ot e B) 38 Sert SUBEBRE T Sy ING, SPRLGH SIS o fBrgh
liable of exgiiciérd 8N ekAfditited) ﬁgrﬁfibéﬂled@l?:rﬂnﬁtiehgwgfbé%é bPa fiead lfpg‘aﬁél,d

controls the various nenbers that nmay influence said paraneters.
receilves t hwiserenstthelballs\dra somedaippretatiarateetheespagdoreachpddiy theediffegant! s
ML, M2 and , heasuring signals of the pressure P and of 20 the
terrperaturep Sin the pots 1 and 4 as well as in the cooling tower 16. It
controls notably the infeed of material 3 fromthe supply lock 2, the
extraction of the balls by the lock 28, the vibrating device 22, the

vi brator 9,THid¢ypeaf sodingf ist dudtenotosthe sovting, ofttedisgalb bt haviiy giréagy,de
the pots and the cooling tower, and the quantity of oxygen contained in the
cool i ng t oR&forextherpertingaprerating, #he same H@mﬁé’éuwltarfwff% talgrareessfbuthe

il I I [ ' . he si f.th
Uil teg plangs ol el o7\ SRedWei% Rty AZABNGEnGS. THE pBiSS &inbne
sorting operation is then to eliminate all the balls which are not perfectly

spherical and whereof the surface condition is not perfect.

In the embodiment represented on Figure 8, the device comprises a tub, in the
25 form of a hopper 43, wherein are placed the balls to be sorted. Such a tub is
arranged at the outlet of the device for producing spherical balls described

above. The balls are passed over a succession of tilted planes 44a, 44b, 44c



stop 47 need not be cylindrical. Curved shapes are neverthel ess

advant ageous) since sharp edges may damage the surface condition of the

bal | s. 22 Clains 1. A device for producing spherical balls conprising 5 -
means for feeding, in a fusion vessel ({l4), material intended to formthe
balls, - a second vessel (4) communicating with the fusion vessel (1) in
order to receive the nelted material, - nmeans to form out of the nelted
material contained in the second vessel, a jet (14) through at |east one
orifice (8), 10 - vibrating nmeans (9, 10, 11 ) to transmt vibrations to
the orifi ceafi@y4di anhdétedt plane dssitoatadt $lightlytbgrath ite prelviops dtted (pldne a

| i t d at th tl et f th i fj 8 fiNe
with an i neand &agor' oL RapRe SERREES (158 Sudcassigytilgd Aades T yordii 1
to form they otngBAUTEABS oldfosl SRR G APILS 1 oyd GHE S00o 0t ride
(ef g RS ire betl L

cooling to a devic acteri se

out| et chanmd of aot)ltedwptdm withbonhawagabathed safﬂtnémme(dzﬂa paé’é ofxgr the
ultrasound stirring of the nelted material contained in the outlet chanber

(20) Bef or oilowingrtiltesk plane witheet &llinthbetweesdrotn succesrive tiked plgaescont ai ned
in the cooling tower (16) containing a pre-set quantity of oxygen. 20 2. A
devi ce according to claiml, characterised in that the quantity of oxygen

contai ned i gy 4Re thifaRf Ela%%% Rhvé Mot aAe! ddHet QiRicd é@hd?tl%ngﬁréa gﬁapbﬁﬁfe 2y

to 150 ppm 25 3. A device according to one clainms 1
char act er i sazhtrolleidhpérfetity Yo saeh aiameseroat trm bahartbebe (sZ&@Ded slndaedil #re t han
approxi mately 20% of the volune of the fusion vessel . A device

accor di ng t¥essyobihe ballcdapards opghg combipgd etiecteaf ﬁﬁVQﬂ@éiYR%Off leafen
vese i, 1 R E B, 350 SIS I8AE01 U BUEhBIRBRGs (e, ¢
the 5 nel t qatgrBERSH AlitH eh&MbRigt Safadld, adtcChameetiitéd Planes are, preferably,
composed of metal sheets whereof the surface has a controlled roughness,
greater for at least one of the first tilted planes, in the direction of displacement
of the balls. The roughness of the first tilted plane 44a is greater than that of the
15 following tilted planes, in order to slow down more significantly the balls with
surface defects. As the trajectory of such a ball on a surface exhibits, too, clearly
cut defects is indeed more complex, which tends to siow down the ball, causing
it to fall between the tilted planes 44a and 44b for example. The presence of a
controlled roughness should not cause the friction to increase, which might
20 cause a degradation of the surface condition of the balls, but unsettle their
trajectories in relation to their unevenness. This enables the right spherical balls

to follow more direct trajectories and to reach consequently higher outlet speeds

To obtain the requested roughness, the surface of the tilted planes is treated by
25 any appropriate means, for example by sanding, shot-peening or by any other
mechanical and/or chemical means, or be covered by an appropriate coating,

c... In a preferred embodiment, both first tilted planes 44a and 44b exhibit high



5. A device according to any one of clains 1 to 3, characterised in that
tthe ultrasound stirring nmeans conprise a bar (21 ) imersed in the nelted
material of the outlet chanber and animated with a vertical back and forth
novenent. 10 6. A device according to a one of clains 1 to 5,
characterised in that the orifice (8) is made of a material that cannot be
wetted by the nelted material. 7. A device according to any one of clains 1
to 6, characterised in that the 15 neans for receiving balls conprise
shock-absorbi ng neans. 8. A device according to claim7, characterised in

that the sh aaga).rwhm@ aaame emﬁﬂer fer theuseeend.JBye &Qﬁﬁ)’o@tﬁﬂ ptane 44d,
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cool i ng t oveondjti) of thbditedtptends inaiseshabls) quigk elifinatiothesfithe fauityotbajlsng to

any one of claims 1 to 9, characterised in that it conprises, at the outl et
of thé cool i ng tower (16)) neans (28, 29, 30) for 24 peri odi cal
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of the balls on the tilted plane and to prevent the balls from bouncing back.

For exemplification purposes, for selecting microballs of welding alloy, whereof
the diameter is typically smaller than 500um, each tilted plane has, in horizontal
15 projection, a length L, which can be in the order of 10 to 15 cm, and a width
which can be in the order of 1 m. The vertical space e2 between two successive
tilted planes can be smaller than or equal to 1 cm, whereas the horizontal space
el can be in the order of 1 cm to 3 cm. The number of tilted planes is inversely
proportional to the size of the balls, preferably ranging between 2 and 5.
20 Besides, the heavier the balls, the faster they run. Consequently, the angle of

the tilted planes must be small to enable good selection.

The balls coming from the hopper 43 are fed on the first tilted plane 44a by
means of a rolling plane 45, slightly tilted, extending from the bottom of the
25 hopper 43. The balls exit at the base of the hopper 43 through a narrow passage
46, under the effect of the forces of gravity, in order to form a single layer of

balls rolling on the rolling plane. At the free end of the rolling plane 45, the balls



10 12. A device according to any one of clains 1 to 11, characterised in
that it conprises a selection device conprising neans for supplying the
balls on a first tilted plane (44a) of a succession of tilted planes (44a,
44b, 44c, 44d), separated by spaces (eljge2) of pre-set sizes, at |east the
fiirst tilted plane (44a), in the 15 direction of displacenent of the balls,
havi ng a surface whereof the roughness is greater than that of the
following tilted planes. 13. A device according to claim 12, characterised
in that at least the last tilted plane (44d) has a perfectly snoot h
surface. , rstagainat deidpd7aOndrigures 8 to doethefstep 4i7ris compmsedid a cylinder

h terised th f II t he f ilted
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agai nst the stop neans A devi ce ac to c

characteri sbdfom thdatopt 42. Ajsﬁpabepammﬁenmmmmamaehof adally 3eparfA€y the
animated with a lateral back and forth novenent and fitted with a plurality

of air3 ej ectree endaffhairalling planedtLiiPMdNRISjoRIFEng the ranp. 5 16. A device
according to any one of clainms 12 to 15, characterised in that the neans

for supplying the balls on the first tilted plane (44a) conprise a conveyor

bel t (53) hwwm@ah%hé@ﬁu fréfitof theldish awme@,éﬁéaumu %ohh%éfdlﬁr@ﬁpl@hénes
and a rotational ction opposite the rolling |reC|on of th l's on

said face. Tbe b?ectt@ndleypodeeatdwmahged bycd samp148, cdmpeasdd of adwliow tube t he
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novenent round a tilted axis (58) and

directed towards the space defined between the free end of the rolling plane and

the stop, distributed uniformly along the ramp 48 and forming the ejectors

provided for raising, preferably jerkily, the row of balls aligned in front of the stop

15 47.

To ensure jerkily ejection of the balls, the ramp 48 is animated by a jack (not
represented), with a lateral back and forth movement, perpendicular to the
direction of flow of the balls (from left to right on Figures 10, 12 and 13) on the
20 rolling plane 45. The respective positions of the ramp 48 and of the rolling plane
45 for two extreme positions of the ramp during its back and forth movement are
represented on Figures 12 and 13. The rolling plane 45 comprises, at least at its
free end, obstacles 50, of uniform thickness (Figure 11), triangular seen from
above, which divide said plane into a plurality of lanes 51 of decreasing width.
25 The obstacles 50 are protruding very slightly at the free end of the rolling plane.
The base of the triangular section of an obstacle 50, parallel to the free end of

the rolling plane 45, has a length 11, and the apexes of two adjacent obstacles



conprising |longitudinal grooves (59) whereof the sizes enable an isolated
hall to roll and prevent a pair (60) of stuck balls fromrolling. 20 19. A
devi ce according to claim 18, characterised in that it conprises first
reception nmeans (61 ) for the faultlesstpalls rolling into the grooves (59)
of the toothed wheel (57), whereas the pairs (60) of stuck balls bl ocked in
the grooves (59) fall by gravity into second reception neans (62) during
the rotation of the toothed wheel (57). 25 .AA . Ar.A.A33 . AF.A3 A

.AF3E .AF . A3 .A3.A3 A3 AY A .3 AF3.A 3. A3F. A3YY . A3y. A | 6. A3.
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15 and limiting the interactions between the balls liable to alter their surface
condition. The quantity of balls present on each rolling zone is thus regulated

and limited.

In a preferred embodiment 8, the obstacles delineate 7 lanes 51. The length I1
20 of the triangular base of the obstacles 50 can be in the order of 20 to 30 mm, for
a distance 12 in the order of 130 mm. The duration of displacement of the ramp
between both its extreme positions can, for example, range between 1 s and a

few second (frequency ranging between 0.1 and 1 Hz).

25 The balls ejected are directed by a baffle 52 on a tilted face of a conveyor belt
53. The baffle 52, preferably curved in shape, delineates with the stop 47 a

passage for the balls ejected, which then fall onto a tilted face of the conveyor
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104] stop 47, the ramp 48 and the baffle 52. The face of the conveyor belt whereon
fall the balls ejected is tilted in the same direction as the tilted planes 44a to 44d.
The rotational direction of the conveyor belt 53 is the reverse of the rolling

5 direction of the balls on this face of the conveyor belt (Figure 8).

The balls with good sphericity roll on the tilted face of the conveyor belt, towards
the first tilted plane 44a. The displacement speed of the conveyor belt is chosen
so that the spherical balls rolling on its tilted face in reverse direction of its
10 displacement reach the first tilted plane. For exempilification purposes, the speed
of the conveyor belt can be in the order of 0.5 to 5 m/mn, preferably 2 m/mn.
The conveyor belt makes a first selection. Indeed, the balls with large surface
defects or the double balls, which cannot roll or which roll too slowly on the tilted
face of the conveyor belt, are evacuated towards the rear by the conveyor belt
15 and fall into a first tub 54, whereas the balls with sphericity roll, in reverse

direction, up to the first tilted plane.

At the outlet of the last tilted plane 44d, the balls selected fall into a hopper 55. A
mobile strip 56 can be arranged between the last tilted plane 44d and the
20 hopper 55, in order to make a last selection between the balls before reception
in the hopper. On Figure 8, the strip 56 comprises an upper edge linking two
walls whereof the one directs the faster balls towards the hopper 56, whereas

the other evacuates the slower balls, which fall upstream of the upper edge.

25 The selection device described above enables to select the spherical balls of
uniform diameter in relation to their surface condition. Only the balls having a

perfect surface condition reach the hopper 55. However, it may happen that
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H1YS$10% (I lggils( )2-6r$% d{rs Pstic B &b the%c%peﬁ' It is the case notably when a
pair 60 of stuck balls falls on the conveyor belt 53, then on different tilted planes,
so that the rolling of the pair is not slowed down, for example when the

5 longitudinal axis S of symmetry of the pair (Figure 15) is perfectly perpendicular
to the direction of displacement of the balls. Also to eliminate the stuck balls that
may reach the hopper 55, the device is, preferably, added a toothed wheel 57 of
significant diameter, for example in the order of 30 cm, arranged downstream of
the tilted planes.

10
In the particular embodiment of Figure 8, the hopper 55, in the form of a funnel,
enables the balls to flow on the upper section of the toothed wheel 57. Said
wheel is animated with a slow movement of rotation round a tilted axis 8 and
comprises longitudinal grooves 59 whereof the dimensions enable an isolated

15 ball to roll and prevent a pair 60 of stuck balls from rolling (Figures 14 and 15).
The faultless balls roll into the grooves 59 of the toothed wheel and are collected
in a second tub 61 arranged downstream of the toothed wheel. The pairs 60 of
stuck balls blocked in the grooves rotate with the toothed wheel round the axis
58 and fall by gravity into a third tub 62 when the toothed wheel has rotated half

20 a turn and the groove wherein the pair 60 is situated, has reached the lower

section of the toothed wheel, above the third tub.

The toothed wheel 57 comprises, preferably, several hundreds of grooves. The
bottom of the grooves 59 has approximately 1.2 to 1.5 times the diameter of the
25 balls, so that a pair of stuck balls cannot be placed perpendicular to the groove

and roll into said groove. To cause the balls to fall more readily into the grooves
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A baffle (not represented) in the form of an arc of circle matching the outer
5 diameter of the toothed wheel can be placed perpendicular to the grooves 59, in

order to act as a barrier in case of a bottleneck at the outlet of the hopper 55.

The invention is not limited to the particular embodiments represented. In
particular, the number and the layout of the orifices 8 can be different from those
10 represented on the figures. Similarly the sorting and the weighing of the balls at
the outlet of the cooling tower may be carried out by any other appropriate
means capable of separating the balls complying with the standards from the
other balls and of supplying the requested information. The number and the
layout of the sieve, of the funnels and of the tubs can be different from what is
15 represented. The control circuit 13 receives, preferably, signals that are
representative of the various parameters liable of exerting an influence on the
balls produced by the device and controls the various members that may
influence said parameters. It receives thus, notably, via any appropriate means,
on top of the signals M, M, and Mj;, measuring signals of the pressure P and of
20 the temperature ¢ in the pots 1 and 4 as well as in the cooling tower 16. It
controls notably the infeed of material 3 from the supply lock 2, the extraction of
the balls by the lock 28, the vibrating device 22, the vibrator 9, the heating of the
pots 1 and 4, the gaseous pressure inside the pots and the cooling tower and
the quantity of oxygen contained in the cooling tower.
25
The shape, the sizes, the layout and the number of the tilted planes of the

selection device can be adapted to the sizes of the balls to be selected. The



10k(k( 10k(k( 10k(k('u 1$109%(k(& ()-!EEGUGH?I | zX6uSl 1!!|

3. $10% (\ (& ()-!x31" 9L0%X(X(& ()-t!x3l"

Y09 X(& () -t Y$L0% & ()- @ Y$L0%@ @ & ()- @ Y$10% (& ()- @ IJIJIJIIf KL( NuS1
1!'sl 8$10%@E& () -!s$10%&' ()-'s! 109%& ()-m$109%& ()- 10X(X( L1OX(X( 10X(X(!x
3. $109X( X( & () - ( NxNOUPQQQQzXJ<1 1!sl 10SS

10SS! 3/ $10%8S& () - M 3/ $10%& ()-M | EY"$10% 1 & () - ! FY" $1098WN& () -

| &$109&' () - QQQSSSSSTuUV71 1!st! 10% & () -

MLO% & ()-f!109% & ()-$10% & ()-!10% & ()-' 3410% & ()- 10SSTqTTUOUUUaB71
1! s¥%s! 109 &5iop-47 dyed hovbde Dyshdncal sCuosdesapesfare rethgjessiaipatggeous,
| 9$10% & () - U VWV Wi E71 1! .

1$10% f&' (§2?'§‘P§(§W@ e 9‘?915%’&%('5‘@9? irngwrfage sondiionpkine balls.

TI10% & () - WK XaXbXeXf XYY_@



11 s$109%&' ()-!$10% (& ()-Y 10% & ()- 10( 10(
10(5s! 10% & ()-L3s! 109% & ()-YZO[VA\\~ }[9 @ 1!s!s3" %40uUS(S(& ()--!|3"
%40% (\ (& ()--Y$10% & ()-!dY$109D( D( & () -1 F$10% & ()-& "I F$10%@ @ & ()-& C
"DEF I aar$4 1!'s10% & ()-!10% & ()-' yB310% & ()- 10a(a( 1lO0a(a( 10a(a(!
&% 0% (a(& ()-! &0%0% (& ()-abcecc d[ddErS4 1!s10Y
$10% & ()-"'10% & ()-S 1 10% & () -
10% & ()-19%$10% & ()-f!10% & ()- & dee$fqf f gdEr S4 1!1s10 1$10% & () -
0" 10% & ()-F.. '10% & ()-*@Q0% & ()-3@P10% & ()-"s!10% & ()-geggggggi ;i _@
11 $10%& () -CIMAR ()-3 109 ()- 10( 10( 10(5 !10% & ()- 3 ' 10% & ()-;
i jiklninz[9 @1!! F*$10%
;& () - F&$$10%&' () -! F&$$10%IJI&' () -!sl $10%& () - 3$10%&' ()-!i 3$10%#& ()-[ nToUo
VoW Zo$pqqusS4 1! Y$10% & () -! xY$L09X( X( & ()-110% & ()-nB410% & ()- 1066

1. A device for producing spherical balls comprising :

5 - means for feeding, in a fusion vessel (1), material intended to form the balls,
- a second vessel (4) communicating with the fusion vessel (1) in order to

receive the melted material,
- means to form, out of the melted material contained in the second vessel, a
jet (14) through at least one orifice (8),

10 - vibrating means (9, 10, 11) to transmit vibrations to the orifice (8), in order to
transform the jet (14) into droplets (15),
- acooling tower (16), arranged at the outlet of the orifice (8) and filled with an
inert gas, wherein the droplets (15), falling by gravity, solidify to form the balis,
- and means for receiving balls at a lower end of the cooling tower (16),

15 a device characterised in that it comprises an outlet chamber (20) in the fusion
vessel (1) and means (21, 22) for ultrasound stirring of the melted material
contained in the outlet chamber (20) before its transfer to the second vessel (4),

the inert gas contained in the cooling tower (16) containing a pre-set quantity of

oxygen.
20
2. A device according to claim 1, characterised in that the quantity of oxygen
contained in the inert gas of the cooling tower (16) is in the order of 15 to 150
ppm.
25 3. A device according to one of claims 1 and 2, characterised in that the

volume of the outlet chamber (20) is smaller than approximately 20% of the

volume of the fusion vessel (1).
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wall (23) being fitted with a passage (24) at its lower section to enable the

5 melted material to enter the outlet chamber (20).

5. A device according to any one of claims 1 to 3, characterised in that the
ultrasound stirring means comprise a bar (21) immersed in the melted material
of the outlet chamber and animated with a vertical back and forth movement.

10
6. A device according to any one of claims 1 to 5, characterised in that the

orifice (8) is made of a material that cannot be wetted by the melted material.

7. A device according to any one of claims 1 to 6, characterised in that the

15 means for receiving balls comprise shock-absorbing means.

8. A device according to claim 7, characterised in that the shock-absorbing
means comprise brushes (25) composed of polyamide-based wires, forming an
angle pf approximately 45° with the trajectory of the balls in the cooling tower

20 (16).

9. A device according to claim 8, characterised in that the shock-absorbing
means comprise cloth rollers (27) arranged on the lower periphery of the inner
wall of the cooling tower (16), above the brushes (25).

25
10. A device according to any one of claims 1 to 9, characterised in that it

comprises, at the outlet of the cooling tower (16), means (28, 29, 30) for
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periodical extraction of the balls and calibration means comprising means (31,

33) for sorting the balls into three categories, in relation to their sizes.

11. A device according to claim 10, characterised in that it comprises means
(40, 41, 42) for weighing all the balls of each category obtained at each
withdrawal sequence, means (13) for determining, on the basis of information
(M{, M,, M3) supplied by the weighing means, a percentage of balls within pre-
set standards and means for adjusting the frequency of the vibrating means (9)

in relation to said percentage.

12. A device according to any one of claims 1 to 11, characterised in that it
comprises a selection device comprising means for supplying the balls on a first
tilted plane (44a) of a succession of tilted planes (44a, 44b, 44c, 44d), separated
by spaces (e1, e2) of pre-set sizes, at least the first tilted plane (44a), in the
direction of displacement of the balls, having a surface whereof the roughness is

greater than that of the following tilted planes.

13. A device according to claim 12, characterised in that at least the last tilted

plane (44d) has a perfectly smooth surface.

14. A device according to one of claims 12 and 13, characterised in that the
means for supplying the balls on the first tilted plane comprise a rolling plane
(45), stop means (47), means of ejection (48, 49) to eject from the rolling plane,

jerkily, the balls resting against the stop means.
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means for supplying the balls on the first tilted plane (44a) comprise a conveyor
belt (53) having a tilted face in the same direction as the tilted planes and a

rotational direction opposite the rolling direction of the balls on said face.

10 17. A device according to claim 16, characterised in that the means for
supplying the balls on the first tilted plane (44a) comprise deflector means (52)

to direct the balls ejected on the tilted face of the conveyor belt (53).

18. A device according to any one of claims 12 to 17, characterised in that it
15 comprises, downstream of the tilted planes (44a, 44b, 44c, 44d), a toothed
wheel (57) animated with a rotational movement round a tilted axis (58) and
comprising longitudinal grooves (59) whereof the sizes enable an isolated ball to

roll and prevent a pair (60) of stuck balls from rolling.

20 19. A ‘device according to claim 18, characterised in that it comprises first
reception means (61) for the faultless balis rolling into the grooves (59) of the
toothed wheel (57), whereas the pairs (60) of stuck balls blocked in the grooves
(59) fall by gravity into second reception means (62) during the rotation of the
toothed wheel (57).
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