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1111 Process and device for producing fire-polished
gobs Il c00002 The invention relates to a levitation
process and device for producing fire-polished
Fram o vi scosi Ly grass: wnich 5 are used tn JHTNAIHIND
particular as preforns for the production of 150140+
preci se-pressed optical conmponents with high-quality
optical properties. Description 10 It is known to
preci se-press preshaped gl ass slugs (referred t ,
bel ow as gobs) to produce optical conponents mﬁtammwnmmmummw
hi gh- quality optical properties and a highly ac
surface structure and quality, for exanple for the *G00002*
production of is refractive and diffractive conponents
and | enses, in particular aspherical |enses.
[ SE- Pr essi n bvi ates the need for . tige-.consum ng
Préﬁéﬁée§%§n§?3%cgi??Fn8F° PFﬁBanlﬁﬁGPB&F?g%Fn&oigr
preci se 20 formation of at |east one surface of the
optical conmponent. Precise-pressing is generally |
TR TRETRE B TERBLEFniOt Ae168bEAERANpPESSERG PRSI Aeyice for
prédghiggiarbi ty-pol dshedhysbpr geefUNBw-$isds@dthNglass, which
¥arti$ular if the nilling, %rinding and polishing to
3L T et At PIEFYCROAPI PEaPERISHIFadR st RGcPEPES CHR et
préﬁiééi?@@@@édmgytﬂcbﬁ dohpbaidht sand thaheghausa 1Htgh optical
demands are i nposed on the honobgeneity and surfacé
PIRREFF4SSof the gob, since defects in the gob are
transferred .to the end product and | ead, for

exanpl e, to imaging 30 distortions. This woul d nean
DegqrabPkii end product would no |onger be usabl e.

It is known to precise-press preshaped glass slugs (referred
to below as gobs) to produce optical components with high-
quality optical properties and a highly accurate surface
structure and quality, for example for the production of
refractive and diffractive components and lenses, in

particular aspherical lenses.

Precise-pressing obviates the need for time-consuming and
expensive milling, grinding and polishing for precise
formation of at least one surface of the optical component.
Precise-pressing is generally effected by reheating the gob
and pressing it into high-quality molds. This procedure is
used in particular if the milling, grinding and polishing to
form relatively complicated surface structures of the

compohent would be difficult and laborious.

High demands are imposed on the homogeneity and surface

quality of the gob, since defects in the gob are transferred

-to the end product and lead, for example, to imaging

distortions. This would mean that the end product would no

longer be usable.
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2 The gobs are usually obtained direct fromthe gl ass
nmelt, by cooling a glass slug which has been fed into
a nold without direct contact with a nold surface,
giving the gobs what is 5 known as a fire-polished
surface. In this context, proguction is effected using
the levitation process, in which a gas cushion is
built up between the glass slug which has been fed in
and the nold, so that direct 10 contact is avoi ded.
The nold is designed as what is knowmn as a levitation

TH®! gobd . £rei §sPLIMPABbLal Aefaqirs0tt BabmathsUgtiablkemelt, by
vol unetric_flow of gas, can energe at the nold

CQutie ThasFoFLus KhASE NaAi PRSRageBeaRtPed MRLA without

dPPs&t oBsnthot oyt PR beMbiétbQBfHEEd g899hg dawngoBst kBat is
levitation nold 15 and, under the surfacé tension

kB eds od fheegpasishedesnsfaee.of gravity and
pressure of the gas cushion which fornms between the
mold surface and the glass slug, adopts approxi mately
In hehthapenbext heprofddctipnl ést Réfgasedushiiog theedentdation

p#$c£§9n1lﬂuﬁﬂigﬂ ghSagnhgsﬁgng¥sm@¥19E Eﬁgggk%ﬁfhfghe glass

| ass sl ug Into t evitation ,
s ki@ vinh ol laagllagsnslfag whi shdhabebmehdposi thed dbyect

?E@Qétois a@gfﬁég f@ﬁgeﬁomg 9% QQBQBBeP” Eh%hat lS ﬁgown as

tation f hr ou as rs flow ng
athevitatiog mél@pemaeloms phembebﬂeatpogaﬁml60|$hﬁmved

s YPUIMBL dyo | BnSUED A BANAET h0aL bhen i shance (el uaen
op side o ﬁe Pasg 8Rd " T'hé%Fed nozzle
suef@acas ThasmahteanEasshewhEeﬂlhascbesesfedh&ngba&&xons

50 oot SR ERELPR M en ERPL S BPHBATEnE 1ot AEVaGaTion mold
aheyi taiéonthel suefiacbetensedndonnnasdodt tae glaseasete force
o¥Q59§$£¥y and pressure of the gas cushion which forms
between the mold surface and the glass slug, adopts
approximately the shape of the mold, while the gas cushion

prevents it from touching the mold.

By way of example, to feed the glass slug into the levitation
mold, it is known for a glass slug which has been portioned
by means of a needle feeder to be caught in the levitation
mold through which gas is flowing. During the filling
operation, the levitation mold is moved downward, in such a
manner that the distance between the top side of the glass
slug and the feeder nozzle remains constant. When the needle
closes, the glass slug at the end of the feeder contracts and
becomes detached. To assist with this detachment, the
levitation mold can be moved downward at an increased

velocity.

It has long been known to use the levitation process to
produce fire-polished gobs and to process them further by

precise-pressing. A corresponding process and molds which are
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It has | ong been known to use the levitation process

to produce fire-polished gobs and to process them

further by 35 precise-pressing. A correspondi ng

process and nolds which are 3 suitable for carrying

out the process are describedz for exanple, in DE-C

24 10 923. However, the procedure has proven

extraordinarily 5 conplicated, in particular for

| ow-viscosity glasses, on account of the conplex
spibprlei EarofarrBigpasst theparereaFaprredderrAgibre, for
ck&hsed, apd gpotipg pposess. The procedure involved in

produci ng the gob is substantially 10 dependent on

the quantity of the glass slug, the shape of the gob
Hé@e@@rpr@ﬁéc§goé@9u£5ehags§9§v5M B%PP§bLheRah 11he

glass. Problens arise in the procedure both whén the
corabtcated, i sn perhycpbdri Aod LRE-HOPEOSHEYI AdaspeSmuMn

tien d |, N aseC [ quist.e :

A P TR el G B oo oS T RO P e R b Prg ticutar
definpetikeolnhigednandhapphyngppoeesss. An i nbal anced

procedure | eads to gobs of reduced quality, with

bubbl es, cords, surface defects and/or cooling waves.
TRe Jdootepuoeeithelpedcidupecdhennfiectdengobnisheugbasstially

BB GoBoRR0chr el 1 bhbF | BRRPAFEY s SHHE. ysbopgnave of cthe
g@bntwobiepabd??ega???t?Uenamaegsitytgrodaréé:a ?Etthemglass.
DL "tohssata Fo cRbgfeERkeabPBY: Flepohiiopdtds sipe 1o

baisgchHhed shep the mold, i dunbugdodownuar dratiuanion and
i ncrease vel oci t igher than the flow rate, of the
sl e b Lo Bl er ot Bt L P P e P s SBRad to
tik assnstoly whi the hpsobees ofedhencbslshgpeddoshapdas
cushi on._ The fi{st stegFis arriﬁd out at g | ower gas
PEPSUPT atfl t HARA t ARCPPoRFPEEEUFR {RBIPhFPgYOPs of reduced

quality, with bubbles, cords, surface defects and/or cooling

waves.

To improve the procedure when feeding in the glass and
shaping the gob, it is proposed in US 2002/0062660 Al that
the flow rate of the gas be controlled in a targeted manner
to produce an optimum gas cushion. In a first step, a molten
glass slug flowing downward is caught in a levitation mold,
in a second step the mold is moved downward at an increased
velocity (higher than the flow rate of the glass slug flowing
downward), and in a third step the glass slug which has been
fed in is shaped on a gas cushion. The first step is carried
out at a lower gas flow rate than the flow rate in the third

step; the flow rate in the first step may even be zero.

However, with a procedure of this type, the glass slug can
come into contact with the mold while it is being fed in,
which leads to a reduced quality, i.e. to cooling waves and

surface defects in the gobs. Moreover, during a procedure of
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30 step; the flowrate in the first step may even be

zero. However, with a procedure of this type, the

glass slug can cone into contact with the nold while

it is being fed in, which |eads to a reduced quality,

i.e. to cooling waves and 35 gurface defects in the

gobs. Moreover, during a procedure of 4 this type

gl ass can stick to the nold, |ocking the openings in

the nold. Consequently, the nolds can no |onger be

thisedtype ataseaganhabveckotpethabwpiduslgckiegnshe gpenings

1Jh@ﬁﬁfﬁ%fd t@@né@&@@ﬁtPguaﬁhQaﬁS dQnCBHe 8b18§&e9fbe used or

rovin of the go s and maki n
af hJeeEpﬁ”édhu%Yﬁf oko fp@ob@b@rh@uéléfﬁé@@neé The object is
achi eved by a process and a device as clainmed 10 in
clains 1 and 24. Advant ageous enbodi nents are
Thizsefobed e imeefitioheiscbabag. ofheher obgest of further

; i enti f r cj LT ‘
TGO SRELLEY 0 e QEnRT UM hERIhE Ehe, production
prdeess epsre 16 Héctiveding a nmolten glass slug into a

first nold half, which is perneable to fluids, -

cooling the glass slug in the first nold half, with a
Tmér@bjé¢uiﬂscwshieme@ebpgappoduesd betiwveedetvhee 26 claimed

first nDI half | ass slu sing a fluid
5 1B " RRERErPESuR PlooRinBREE Adplgtptktbea in
1ﬂb£|ﬁ@rtm@d ¢ha3md.cooled the through-flow of fluid

between the glass slug and the first nold half, at

| east while the glass slug is being fed 25 in, is
THedeetk sdi d€cstdlhgnmebntAeningehbeohi F8k bkobdcing fire-

pq%%éﬁeql% ndc%ghggkébgégtlgg Siggésgoagroggﬁgrgggs the steps

- feeding a molten glass slug into a first mold half,
which is permeable to fluids,

- cooling the glass slug in the first mold half,

- with a first fluid cushion being produced between the
first mold half and the glass slug, by passing a fluid
through the first mold half, while the glass slug is being
fed in and cooled,

- the through-flow of fluid between the glass slug and the
first mold half, at least while the glass slug is being fed
in, is reduced while still maintaining the first fluid
cushion, and

- the fluid, in order to produce the first fluid cushion,
flowing through the first mold half, which comprises a porous

material which is permeable to the fluid.

The first mold half, which has the fluid flowing through it
at least in a subregion, preferably in the region of a hollow
or recess in the first mold half, allows the fluid for
forming the gas cushion to flow out uniformly, distributed

over that surface of the porous region of the mold half with
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flowi ng through the first nold half, which conprises a
porous material which is perneable to the fluid. 30
The first nold half, which has the fluid flow ng
through it at least in a subregion, preferably in the
region of a hollow or recessgin the first nold half,
allows the fluid for formng the gas cushion to flow
out uniformy, distributed 35 over that surface of the
orous. region of the nold half with 5 the fluid

L ot Wi t hEOULRT | ERRARER £hcBBifRelgFrassthpuglasResiug.
through-flow of the fluid between the glass slug and
the first nold half is set and reduced in_particul ar

The WMEOYGRTELGN BF R G1StdsPEGVERB ERE Ge8fst Pyugr and the

f1her ahds8 BAug. i dhgetBxhAUREERERHINNf baW: iwliiaR hE RO
be set at the start of the infeed, is to be set in

funeh e nehneRe t iaBcemétyl asd §h@gge@ﬁﬁ§ﬁYh§§ kaengfegs slug.
in can forma gob without comng into 10 contact with
the nold half. In this context, on account of the
Therexipunf thheugbt lawl f wahdht he &59sbei geédagnither mtart of

t 184 PFOLE, OIstPS ﬂéuégtviﬁlSEEEeQERXRBFFeant th lass slug

di stributed ~openi ngs t hroug ow out o h
wivpthl Imas fbéen pedsibl eani £homt at bebf wakHofitowomgng into

céﬁ%&&%hwiP@hgﬂésﬁoﬁhuﬂal%5 ther by ESHES&%”Q bhgc%%Ent of

unusa e starting value for the throudh
thehseamsiay | gt ﬂbeemnideuabﬁ ahd thecesspygietethaniform

d f :
et BiEnst nde e IELb IR it 8 B ne a8V D ke T MR Bugeo
op el god, amdhi@b phnbugh ﬁioWheuVisﬁoShEymoéﬁ thé fgliass

rin fe ooLing Far _ex l e t he
TR R T Tt At pen A i AP LR IRER
thenelsy tew@érimg gDBngbthnasablght convex geonetry
conpared to gobs of the sane volune with a nore
pronounced convex geonetry.
The starting value for the through-flow is substantially

determined by the viscosity of the glass slug during the
infeed. The profile used to reduce the through-flow depends
on the geometry of the gob and the profile of the viscosity
of the glass slug during the infeed and cooling. For example,
the through-flow can be reduced more quickly and to a lower
level for gobs with a slight convex geometry compared to gobs

of the same volume with a more pronounced convex geometry.

The viscosity represents a materials property of the glass
and is dependent on the chemical composition of the glass.
The viscosity is highly temperature-dependent, and the
viscosity-temperature curve has fundamentally the same
characteristic, substantially continuous profile for all
glasses. The viscosities range from < 10 dPa*s (melt) to

10 dpPa*s at room temperature. In practice, a distinction is
often drawn between three viscosity ranges, namely the

melting range, the working range and the freezing range.
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25 The viscosity represents a materials property of
the glass and is dependent on the chem ca

conposition of the glass. The viscosity is highly

t enper at ur e- dependent, and the viscosity-tenperature
curve has fundanmentally the sgne 30 characteristic,
substantially continuous profile for all glasses. The
viscosities range from< 10 dPa*s (nelt) to 1013

dPa*s at roomtenperature. In practice, a distinction
is often drawn between three viscosity ranges, nanely

Iﬁh@he”@éﬁt@ﬂtréﬁg€hetﬁﬁe§@£5'DﬂvéQBQSnanghEh@eEﬁe§6w09
range. In the context of the present invention, the

V%%ﬁ@ﬁ+%ng%a§%%§u%§ gbadske fenpsedoiasaeRovbegraisshe
m@@@iﬁ@frﬁﬁﬁe el £ipg 18098 t§ iS@UP@OQﬁatehé599§k§H§ range

the working range 5 is from500C to 1100C. d asses of
ig hfeomypROTAct@dbl0fof. ekanpee, Oﬁhébbﬁatépela§§é§§e, for

eiéﬁﬁT@Phﬁﬁg §e§t9|€?§§§es FkEQBQEQﬁgSP %Egﬂg?hfﬁé

gl asses and heavy i nt gl asses
Fhitessl st ugl ant banhe gbassasu andnbedyyi fé.int 10lk@asesthe
first nold half, preferably takes place at a viscosity
of the glass slug within the nelting range, and in
Tm@rfée@img bﬁmﬁhésgbaSsys@hgs$n§bugbealeviEdtﬁnnumbﬁg, i.e.

i o NGRSl B Lepder Ay 20 ¥ SDoSELY 01 (<102, fFace 1ol

ah” a ageous enb O0CESS ccordlng %o
vi$eosinyenfi dne ghasshsbughwitbmnothehmeﬂtmnd bangeenand in

| u nd_t [ en_usi
o1 6 hEE8 178 8081 6F gL o3h S PPuflacanc: F5 35 raP
né@@ﬂ@rf@éd@daad gontstoshsy ofo<alﬁ?nimmhslevel mhlch
is sufficient to maintain the fluid 20 cushion. The
reduction in the through-flow may take place both

I ot | adioanst ¥ygaods desboaiindnousEythe process according to the
invention, the through-flow of the fluid between the glass
slug and the first mold half, when using low-viscosity glass
slugs, is reduced from 20 1/min (under standard conditions)
to a minimum level which is sufficient to maintain the fluid

cushion.

The reduction in the through-flow may take place both

continuously and discontinuously.

The setting and reduction of the through-flow can be
effected, for example, using a proportional control wvalve,
preferably such that the gap between the glass slug and the
first mold half is minimized as far as possible, with the
glass slug resting in a stationary position in the mold half,

thereby setting a good gob roundness.

Furthermore, it is possible for the through-flow of the fluid
between the glass slug and the first mold half to be
increased again during the cooling of the glass slug,

preferably once a viscosity of the glass slug in the region
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25 The setting and reduction of the through-flow can
be effected, for exanple, using a proportiona
control valve, preferably such that the gap between
the glass slug and the first nold half is mnimzed
as far as possible, with the sglass slug resting in a
stationary position in the nold half, 30 thereby
setting a good gob roundness. Furthernore, it is
ssible for the through-fIOMIof the fluid between ‘
?h@hﬁl%ég $PhgnaR8iERelfFr BECRDIFEAREPF -t dhgelittleton point

i$ NEI €8SRAoRAAL B aﬁélBefteglﬁQObbmatofThae vals28%i¢hUdn the
35 preferably once a viscosity of the glass slug in

re%eCR e§f ohy b LEhEBLERt PPERENIFORRPIRES B8eén PEadked.

The Littleton point is also known as the softening

point. The viscosity in the region of the Littleton
I%o@nfUFBhgbpaéxaniegeeuaPambodsmﬁﬁta fthet gépss slug is fed

iedyapt ageopst epbodi ARNE, ughﬁgggaﬁéeahgg f'e%dfe‘%d F‘o'}t ®his
the first nold half using a needle feeder. hi's

PRER D3 e, thﬁefirﬁ§tmﬁ%ﬁdhﬁéﬁflﬁsaarﬁaggédbﬁaﬁ@éhhthﬁefeeder
ndgeder aH@Z@Bg m@ﬂgeﬁhglgggtﬁﬂug|§§6w§ gv%&%@%gglglgownward

verticall y downward cau n the rst no
1% ¢auglhe Hmstbﬁcélbétmmehdlbaﬂﬁe wnphothehélsée@ee between

z d e | t g S I ei.ng pt
cORELE FEIAICTHOBet 18,00 s! EGOLAE0 o) KAARER P
shwgnlee 1o képt scokabantt o t he person skllled in the

art. To assist wth 15 detachnent of the gl ass sl ug,

t he di stance between the tip of the feeder nozzle and
Théeglops ssegot st hddgliass pbugioan be ai meneasedhileén is

infe h d.cap, al sg, be_effected using
i B ot hso S0 el hede st RPBarercarar SBRcra g
de&amhmawmchflEmaeghassuplugarkheldlaténtéhbetween the tip of
tﬁ%h@ggggfoggz% Qféﬁgrgﬁéogog Qe o?r e glass slug can be

increased when the infeed ends.

The infeed can also be effected using other portioning
methods, in particular including those which leave no cut

mark.

In a further advantageous configuration of the process
according to the invention, a second fluid cushion is
produced between the top side of the glass slug and a fluid-
permeable second mold half after the glass slug has been fed

in.

For this purpose, the first mold half can, for example, be
moved from the feeder nozzle to the second mold half, so that
the first mold half is arranged accurately below the second

mocld half, at the required distance.

The second fluid cushion can be used both to optimize the

cooling of the glass slug, thereby avoiding undesirable
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according to the invention, a second fluid cushion is
25 produced between the top side of the glass slug and
a fluid- perneable second nold half after the gl ass
slug has been fed in. For this purpose, the first nold
hal f can, for exanple, be 30 goved fromthe feeder
nozzle to the second nold half, so that the first
nold half is arranged accurately bel ow the second
nol d hal f, at the required distance. The second fluid
skEshka%e cadnBet seRaBBt Aneot 8Bt Fifieeofh&he3g08aol i ng
of the glass slug, thereby avoiding undesirable 8
shrinkage, and to shape the top side of the gob.
M eBeEr , ChhS sahl PUAsthRedgbbtoobBe fikREdPBEREEN the tWO

£1W0g éﬁghgoﬁgshbenghaﬁotBQaEOEhﬁeQQQ E8SESskBt3onary
stationary 5 position in thé nold and does not nove

Pagbtonwibhthhempddupnd €pas pobdmPyEndReys i yith the result
tﬁéke%%é& EB&H&ﬁstTbbslhgeéﬁgénéﬁgﬁeea rRiRaLkl guh@htageous

process 1s carrie out using a r ot ary
ipngeatiaeien adfdthhergobssenisheanshidad @ntthéln@taryotary

n u b cked I
et b o U T A
iﬂheasb@bhdnnmbdlﬂabé prekedabbypuki kewaseecsoipr bfeshe rotor

i al | fluid, i
B 8V5on SPLELLY SMILENS! SoPERIARLE L LhR, Tl uld, 0,
half. 15 It is preferable for purlfled

i-n rtic urlfled to

T TR P e R P g Rer BTy T e ResPl ok RgRr = borous
msEennﬂlfWhidhcmshpenmeaﬁléttostpeeﬁénahlelhopamh&cular the
S first nmold ha and/ or gg eco d Tglg E%If to have a

%%?n%%ﬁ??ft?a era rdth 1*%0%1 8+-30736" -14n2  for

the fluid. In general, the f|UId does not fl ow
It is preferable for purified, technical-grade gases, in
particular purified air, to be used as fluids for generating

the first and/or second fluid cushion.

It is preferable for the first mold half and/or the second
mold half to have a permeability k of from 1*107*m? to 30*10~
Ym? for the fluid. In general, the fluid does not flow
through the entire mold perpendicular to the mold surface,
but rather flows primarily through the mold region which is
required to form the fluid cushion between glass slug and
mold half.

The permeability is a measure of the flow of gases or liguids

(fluids) through a porous body. The permeability k of a body

is approximately defined by Darcy’s law, whereby:
k=(q*p*1l)/(Ap * A)

in which:
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through the entire nold perpendicular to the nold
surface, but rather flows primarily through the nold
region which is 25 required to formthe fluid cushion
bet ween gl ass slug and nold half. The perneability is
a neasure of the flow of gaseg or liquids (fluids)
t hrough a porous body. The perneability k of a body
30 is approximately defined by Darcy's |aw, whereby: k
=(g* *1)/ (Ap * A inwiich: 9 k = perneability,
g =flowrate of the fluid through the body, =
kv;scgéiﬁgagingglfluid, 5 Ap = pressure drop in the
fluid

as it flows through the body, 1 = length of the
dbodyfiavwt hetdi pécthenfinidhtskonab thei Bodkl ows

through it..and.A = cross-sectional area of the body
“tﬁroﬂgﬁcﬂﬁ%EH ?ﬁetP?uFEulgroms, 10 under approxi mately

Aéaﬁ1$§és§h9@/898 | $hOPRe ElﬁQHSEQUFt @ﬁ%?%uEﬁéégghathe body,
constant tenperature. The perneability of a body wth
1 &= prieregennphethgebadyr yni sheodsrantibor ia fhiicd che fluid

predf%g&gigﬁg?ﬁéﬁ??§it¥n 15 In the event of a

reduction In ov rate of the fluid through the
Abadysras propotionaidl achangé thet hedpr ébsonghdwbpchi mhe fluid

t he idas it flows through the body is observed. 20

It is preferable for the porous material used to be a

sintered material. In the context of the present

i pvention, .th ermsinter materials is to be
u%%%%r%?%B%Xé ageiy Egmlnar %?ow conditions, a constant
pressure and a constant temperature. The permeability of a
body with a predetermined geometry is constant for a fluid of

predetermined viscosity.

In the event of a reduction in the flow rate of the fluid
through the body, a proportional change in the pressure drop

in the fluid as it flows through the body is observed.

It is preferable for the porous material used to be a
sintered material. In the context of the present invention,
the term sintered materials is to be understood as
encompassing powder metallurgy products which have been
consolidated from pulverized metals to form bodies. The
sintering provides the body with its strength. The targeted
selection of grain size, grain size distribution, bulk
density, grain surface area and molar mass sets the porosity

of the sintered body and therefore its permeability.

Sintered materials based on the corrosion-resistant and heat-
resistant chromium-nickel alloys, nickel-copper alloys and/or
nickel-chromium-molybdenum alloys, in particular Inconel 600,
or porous nonoxidic ceramics, in particular SiC, SisNg or

graphite, which have a suitable porosity for gases, in
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enconpassi ng powder netallurgy products which have
been consolidated frompulverized netals to form

bodi es. The 25 sintering provides the body with its
strength. The targeted selection of grain size, grain
size distribution, bulk densidy, grain surface area
and nolar nass sets the porosity of the sintered body
and therefore its perneability. 30 Sintered materials
based on the corrosion-resistant and heat- resistant

PRRF bRV HRT nfekef 15r | ByB1oRi EREFMASPRERPANESYs SHREY Ghat they

afeé ck8l e Chs O HRL BRhY bEBRPEYaL19¥S, oifNaRalkhekl ab0°Cc and a
I nconel 600, or porous nonoxidic ceramcs, in

S%ﬂ%%m*ardgr@slsnsMS*éabgiaﬁm pad GRNPKERAIFe strength,

a§g|§§ptgc@p£9§ytguiggbg@ses in 10 particular for air,
hi gh thermal “stability such that they are able to

MAthstand tenperatures of at |east 400C and a

Tﬁ&f{bﬁ ﬁf&edéﬁeﬁﬁéogéb égﬁbEEhE¥agEda%ogpkg§%ﬂ%eof the
st rengt are partrcularly suita top side
VQﬁumﬁﬁrg©bShéhn oaeraét the alpesublugf dumdngy gloghdmgi.c A

cShLd pkage, of éhﬁa9m£8§ﬂs'?ﬂlgHrh@9 EOQE'EgceQSlQ%EQaVG

surtace may IS excessl ve
p{@@m@@@@@dm@hkesthﬁeggbbuuﬁsutahbbefﬁorthheS@@b@@@ﬁﬂﬁ

p%%%giggféggcgggcess I'n further advantageous

I ORS” O0f the process, to optinize the
cooling process and to avoid the surface contraction,

ass slu s _active cooled.after has 15 been
1} 06a LRSS, RabEnt 2088LE Y Bpt e P B R Eh Bhbr b ke BspRets " o
opuanpte tNeacbhblsgcpndcaBbdahdltodasoﬂdbedeahuwéace
ool i as i s _passed, or ,usjing.,an .
&t P RhLalt Bl FaiRsh BRuHEtp BeBETRET, cROIERL 2E5RE, g has
basre fod 1@9 Tobst act20ebecspiagedawi bk afifesteal, fatrer
e§gméfe?h@§§etﬁgesggggap Ed half described above, through

which a cooling gas is passed, or using an air shaper.

Further options for optimizing the cooling are for the gob to
be sprayed with a mist of water or to change the atmospheric

humidity in the vicinity of the gob.

High-melting glasses cool more quickly, on account of thermal
radiation. To keep the temperature difference between the
inner region of a glass slug composed of a high-melting glass
and the outer region of this glass slug at a low level during
cooling, and thereby to avoid high stresses in the gob and
resultant formation of cracks and damage, it is advantageous
for glass slugs of this type to be heated from above after

they have been fed in.

For this purpose, by way of example, an IR radiant heater or
a convection heater can be positioned above the glass slug.
Furthermore, it 1is possible for a surface which reflects the

thermal radiation of the glass slug or a refractory
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hum dity in the vicinity of the gob. H gh-nelting
gl asses cool nore quickly, on account of thernal
radi ati on. To keep the tenperature difference between
the 25 inner region of a glass slug conposed of a
high-nmelting glass and the guter region of this glass
slug at a low |l evel during cooling, and thereby to
avoi d high stresses in the gob and resultant
_formation of cracks and damage, it is advantageous
ipgrlatheg spugs 6P PRi 3rrppectoabevReihedIPPem above
after 30 they have been fed in. For this purpose, by
way of exanple, an IR radiant heater or a convection
Theateyerhhobelposkplanaadabedevt pe §hasbasiggof an exemplary
fHEUNREAR! e1ni EnLSaRASSE DL eyl QLafifYtface which
reflects the 35 thermal radiation of the glass slug or
a refractory 11 insulating cover to be arranged above
e gob. i AL i [ i ge 0 agi
T ebng arHeELaShy SeFHOLE! A1 IELCHARE JRICHTRLS been
drawi ngfed tngo a diagtammati balfy wephcteocdigbagsom above,
sl ug mhggg has been fed into a first nold half, with
cooling fromabove, and 10 fig. 2 shows the
t hrough-flow profile as a function of the viscosity
t he I h I sl s _bein Iy
8o rosngs Kb, ErkgSel RS Thidn TontrotasbBiruly o7 the
way of visSceszatpl efohhthglbasi shoflet heepyddust sdngofisabeing
gob froEE? E@Fthanun1heavy flint glass, for exanple
from Schot't ass N- LaSF43 . The dianeter of the gob
to be produced is 15 mm and its height 7 nm the gob

R e YA MIE AL oS, FoChRs, SoBEnp YRS LLBEA by vay oo
example on the basis of the production of a gob from a
lanthanum heavy flint glass, for example from Schott Glass N-
LaSF43. The diameter of the gob to be produced is 15 mm, and
its height 7 mm, the gob having a volume of 0.9 cm’. Gobs

3 and 5 cm®, a

typically have a volume of between 0.1 cm
diameter of approx. 4 mm to 40 mm and a minimum thickness of

5 mm.

Gobs of this type are suitable, for example, for the precise-
pressing of lenses or other optical elements for applications

in digital cameras or digital projectors.

The gob is produced in a first mold half 2, which is
diagrammatically depicted in fig. 1. The first mold half 2 is
designed as a levitation mold and is secured to the molding
station 4. The molding station 4 is arranged on a rotary
installation (not shown) such that it can move in the
vertical direction, with a plurality of molding stations 4
located on the rotary installation. The rotary installation
transports the molding stations 4 to the various process

stations, such as for example infeed of the glass slug 1,
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20 diameter of approx. 4 nmto 40 nmand a m ni num
thickness of 5 nm Gobs of this type are suitable, for
exanpl e, for the precise- pressing of |enses or other
optical elements for applications 25 in digital
caneras or digital projectors.y The gob is produced in
a first nold half 2, which is diagranmatically
depicted in fig. 1. The first nold half 2 is designed

as.a levitatjon nold _and i s_secured to the nDIdln%
CQeht9nand FharipBEdPhgtERallBFS4S1E%arsr 8RGedeBRVAL Of the

géet aryg. i NsERbL At LRAE ﬁBQHlﬁBOEHht§69h4tﬁﬁtthb @3 iFRVR of
in the wvertical direction, with a pluralit

copl Hihig2 3¢ at R BRLNY OlfoébtaeéléﬁstFi(3311|§¥ot1ai'\’_\b'ﬂlC}f/1 has been fed
imnstallation. The rotary installation transports the
nmol ding stations 4 to the various process 35 stations,
such as for exanple infeed of the glass slug 1, 12

TﬁﬁofifgtaﬁgléhﬁgnﬁgzoéohE§595a5§ §hegné1a%@ore@9kﬁlxefos IS,

g shows the nolding station
P%@%‘F@?‘é)nbbfG NodinhgraMatahapi Bheofithé glpéelsh@lar‘g 21 has gas-
S e ; 5£Thef | f
e e S R S E R
reg\Psinter Metals. The first nold half 2 has gas-
per neabl e surface regions 6 and gas-i nperneabl e
surface regions 7. 10 These regi ons can be produced by
Thes ¢ abé @l cus f age beeetndntedobytheinabde Ehefpeen&abb&ment

C gi on the hol recess
oLi AR 98 PH8, ReRRbREIR M tRee’ PRe TSty PaBb-rEERRR e w0
theichl lewt bie naaéaunofeqherédreo mbﬂdwhalga@.l&hls is the

sf%ﬁ%%gnrégignb%hggﬁn?g Pﬁgmﬁggiguglggauikgg %otgi&oksa gas
cushion 3 to be formed between a glass slug 1 that is to be
fed in and the first mold half 2.

It is likewise possible to realize a permeable surface region
6 which is central in the hollow but does not completely
cover the hollow and a correspondingly enlarged impermeable
surface region 7. In the region through which the fluid
flows, defined by the permeable surface regions 6, the first
mold half 2 has a constant thickness and the fluid flows
through it substantially perpendicular to the surface of the
hollow. The hollow is designed to match the desired shape of
the gob to be produced.

To form the gas cushion 3, purified and oil-free air is fed
under pressure to the molding station 4 via a gas feed line 5
and flows through the first mold half 2.

Fig. 1 also shows active cooling of the glass slug 1. This is
effected by a cooling station 9 with a second mold half 8
located above the molding station 4. The second mold half 8
consists of stainless steel 1.4404, SIKA R-1 IS, produced by
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fed in and the first nold half 2. It is |likew se
possible to realize a perneable surface region 6
which is central in the hollow but does not conpletely
20 cover the hollow and a correspondi ngly enl arged

i nperneabl e surface region 7431n the region through
which the fluid flows, defined by the perneable
surface regions 6, the first nold half 2 has a

constant thickness and the fluid flows through it
G%Nb§iaﬁPFaMP§aéérp$h§|é@PQﬂdt@Oﬂﬁeh§&ﬁf§cél$ﬁwﬂﬁ@ bzs gas-

p@?hé@ﬁﬂeTgﬁrEQEE°9%5§og§S%gﬁﬁg g@s th%%bQ%sb%%Qace
shape of the gob t produce orn1t e gas

reggifAnsn’ s, Tb@ﬁ?fFéﬁlQﬁé éwp ﬁpééagﬁrreglp@@ O§n&@ﬁ second
nBI&SHYL ¢ borhhﬁlﬂgogbﬁalgéﬁt k8N tfeViy 31619@5 ft%%qo'n' '216 In the

5 30 and fl ows e first nold half
ragsenshbweueabt Whechoéﬂ-mgl Sfowise geddned by theTlmegme@ble

EEF?S%egﬁgca s¢go! Lnd §%gbh§” 219 H81g %e%%%d?”@d%stant

éd above f I |ng stati
tkécbndsapbddhilfii8 3%owensiibssaotisfldiynpespesidéaiularly
IKA R 1 1S, produced by 13 KN Sinter Metals.
t%ﬁééggcégd nold half 8 |ikew se has gas- perneabl e
surface regions 6 and gas-inperneabl e surface regions

. e g s rf reqi f e .
g L e e
tbnthbecSoléggoatahnougB dbirckobllund bluowssedefviired kyas feed

thg gsrneable surface regions 6, the second nold half
as &4 constant thickness and fluid flows
substantially perpendicularly through it. 10 Purified
Pand oil-free alr under pressure is |ikew se supplied
€station 9 for cooling purposes via a
gas feed |ine 10. Process sequence:

The molding station 4, which is located on a rotary
installation and includes the first mold half 2, is
positioned beneath a needle feeder, with the molding station
4 also being moved vertically upward toward the needle

feeder.

Pressurized, purified and oil-free air is fed to the molding
station 4 via the gas feed line 5, and at the same time the

glass slug 1 is fed in at a viscosity of < 10 dpas.

A starting value for the through-flow of the air between
glass slug 1 and first mold half 2 of 20 1/min (under
standard conditions) is set by means of a proportional

control valve which controls the gas supply.

As the glass slug 1 continues to be fed in, firstly the
through-flow is reduced, with the gas cushion 3 which forms
immediately between glass slug 1 and the first mold half 2
being maintained, and secondly the molding station 4 is moved

vertically downward, so that the distance between the tip of
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15 The nol ding station 4, which is located on a rotary
installation and includes the first nold half 2, is
positi oned beneath a needl e feeder, with the nol ding
station 4 also being noved vertically upward toward
the needle 20 feeder. Pressuyjzed, purified and
oil-free air is fed to the nolding station 4 via the
gas feed Iine 5, and at the sane time the glass slug
1lis fedin at a viscosity of < 10 dpas. 25 A starting
thal needsde £hedekr snghtheowodf siHe aifr thet wdess glags 1

r&hH9nd éggs£gﬁ§Fdﬂghggh§hg %B@Eeaq 1/mn (under

standard conditions) i's set by means of a proportional
control valve which controls the gas supply. 30 As the

T8l 88§ Sh¥JikrEQAL LRHes tgsg§ﬁEe%ikﬂ’d%k%%ﬁh%n%h%f the glass
through-flow is reduced, wth the gas cushion 3 which
staegnt, thieddaserpchetveéncygkassdsbyglowemdnghehki motlding

a) f i.ng mai ntai ned, and secondly the
sﬁ%#g?ﬁghs¥§nggk4 is noved 35 vertically dowward, so

that the distance between the tip of 14 the needle

e h op_si.de of e ass sl 1 renmain
TS nEThREo e P PReT i R Ba thE ERESRal-TlebeahETae ghe
iafsedtisi thrdeedchoent fok the gbasso besbugdlcethias
[stance is increased by .lowering,the nmolding,.station .
ageFHIDRE, BekEr L ER: Forkra B g top Ere e’ 1118 ed in
fidrokighsfhotudutiog bliethentéedokstgabtfi elleoyllaskoslug 1.
the gob to be produced as 10 descri bed above, in

accordance with the curve illustrated in fig. 2 as a
Afvacttloa Ohfébe wiEsensi y¥aek thagghasssskuded, through-flow

is kept at a level of approximately 1 1/min (under standard

conditions).

After the infeed has ended, the rotary installation is moved
onward and the molding station 4 with the glass slug 1
positioned on the gas cushion 3 in the first mold half 2 is

positioned beneath the cooling station 9.

For cooling purposes, an air quantity of 10 1/min is fed to
the cooling station 9 via the gas feed line 10 and flows
through the second mold half 8 in the direction of the top
side of the glass slug, cooling this top side.

After a viscosity of the glass slug 1 of 10!3 dpa*s has been
reached, the glass slug 1 can be removed from the first mold
half 2.
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After the infeed of the glass slug 1 has ended,
through-flow is kept at a | evel of approximtely 1
1/mn (under standard is conditions). After the

i nfeed has ended, the rotary installation is noved
onward and the nolding statiopg4 with the glass slug 1
positioned on the gas cushion 3 in the first nold half
2 is 20 positioned beneath the cooling station 9. For

¢ool i ng purposes, an air quantity of 10 1/mn is fed
Ligt EEedEEéEEﬁ§l§ﬂ§

tion 9 via the gas feed line 10 and
flows through the second nold half 8 in the direction
of the tog 25 side of the glass slug, cooling this top
lside. AftEragsyPdd@sity of the glass slug 1 of 1013
odpa*s haspbeen pheachgds the glass slug 1 can be
removed fromthe first nold half 2. 15 List of
3desi gnat i 688 tuehass slug 2 First nold half 5 3 Gas
gcushion 4yMbhdipg-statiogn 5 Gas feed line to the
nmol di ng station 8 Per neabl e surface 7 | nperneable
Ssurface 8sgfsedondngolte ithlef m@lddoldi wgadtian on 10
cGas feed bLpg.tpi1Lhg,,¢@qlibng station 16 Patent C aims
1. A process for prOHUC|ng fire-polished gobs,
Tconpri si ngmpeheesbéps spfface

8 Second mold half
9 Cooling station

10 Gas feed line to the cooling station
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5 - feeding a nolten glass slug (1) into a first nold

half (2), which is perneable to fluids, - cooling the
glass slug (1) inthe first nold half (2), wth a

first fluid cushion (3) being produced between the

first nold half (2) and the gi@ss slug (1), by passing

a 10 fluid through the first nold half (2), while the
glass slug (1) is being fed in and cool ed, wherein

the through-flow of fluid between the glass slug (1)
Pahgnty hdaimsst nold half (2), at |east while the glass
slug (1) is 15 being fed in, is reduced while stil
maintaining the first fluid cushion (3), the fluid, .
lin ofdBECEBSPr b8GCRIPRECENEsEirraP@ldg8RP0AOLE]) comprising
thkowtBgst Brough the first nold half (2), which

conprises a porous material which is perneable to the

~f| ui §eeddng. aTHelpescedasas séngi fed intel i dirst mold half
<g??r@hmchh§st§eemgablgl ew ehtRg fluid between the

ass slug (1) and the first nold half (2) is set to
~a st appihggvihaegaesshelyoarll) ofint hee faresdmedd ihalf (2),

—redu§§ghd9rEg?skh?lhﬁﬁegqsh %na(ﬁwnskhﬁg gEo%%%e%5between
vi scosity and/or geonetry of the glass slug . 3.
tiraefpratemsldsheldi ndd endeithkeglekscisdiugs (1)or by, passing a

el g S i d Lato the first I
efPReLRspgRILARS D, ke Pl e shlg e RS stu
(theisebeing 86dr angenpdprcebéedhly a | ow vi scosity gl ass
wﬁ%ygiﬁl) at a viscosity of less than 102 dPa*s. 4.

e process as clained in claim3, wherein the

—t hr otgh- throwgbf fibe bifuitdubdt eewekhe thkagdaslsugliul) (1) and
t@%ﬂ;%@ Eﬁéé?&sﬁg%ggkg>2?5E §2) kS hs9uced M 19020 10g (1) is
being fed in, is reduced while still maintaining the first
fluid cushion (3),

- the fluid, in order to produce the first fluid cushion
(3), flowing through the first mold half (2), which comprises

a porous material which is permeable to the fluid.

2. The process as claimed in claim 1, wherein the through-
flow of the fluid between the glass slug (1) and the first
mold half (2) is set to a starting value at the start of the
infeed and is reduced during the infeed, as a function of the

viscosity and/or geometry of the glass slug (1).

3. The process as claimed in either of claims 1 or 2,
wherein the glass slug (1) is fed into the first mold half
(2) at a viscosity of the glass slug (1) within the melting
range, preferably a low—&iscosity glass slug (1) at a

viscosity of less than 10? dPa*s.

4, The process as claimed in claim 3, wherein the through-
flow of the fluid between the glass slug (1) and the first

mold half (2) is reduced from 20 1/min (under standard
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conditions) to a mnimmlevel which is sufficient to
mai ntain the fluid cushion (3). 5. The process as
claimed in one of the preceding clains, 5 wherein the
t hrough-flow of the fluid between the glass slug (1)
and the first nold half (2) igsyincreased again during
the cooling of the glass slug (1). 6. The process as
claimed in claimb5, wherein the through 10 fl ow of

the fluid between the gl ass sIu% and the first
CoRRHt hans) (99 PsthéméﬁséQVSéaW lﬁﬁeﬁSaSV¢§é€§ﬁpﬁ &P

méfﬁtaﬂha§§e5fygléléubﬂlbﬁe (8¢gion of the Littleton
point is reached. 15 7. The process as clainmed in one

of the preceding clalns wherein the glass slug (1)
51s f@ﬁe'%ﬁ@c&@@ Ebrélaﬂﬁgg hal bne( 2¥ @ﬁbngr@cgﬁg%beclalms,

f eeder process as clained in claim?7, wherein
wheee i stapcBhropgbef heenofhehei luidt hetreedet heogdiass slug

(Bndathechopeside ﬂglﬁhﬁalgl§§§ skugni$ckerl %%%%%a@hrlng the
durlng the infeed. 9. The Erocess as claimed i'n either
eil

ceplingi af ¥handldss ahegeilh)the di stance between the
tip of the feeder nozzle and 25 the top side of the
glass slug is increased when the infeed has ended.
610. The process as claimed in oheinf 5thehprededithg through-

Sk, o 0ELEL KHEBasera! 43,Ch) chagngint S 6 e
meldi hedfi K2bnésofintheapedcedang whenns, viwkeseity afft éhe

slbg dhaes ol o f1pbaschesn Fedoho 12 aeaond i,

cushi on cool'i ng andFor shapi ng ass
ra&achadproduced between the top S|de of the gl ass slug

(1) and a 18 fl ui d-perneable second nold half (8).
7. The process as claimed in one of the preceding claims,
wherein the glass slug (1) is fed into the first mold half

(2) using a needle feeder.

8. The process as claimed in claim 7, wherein the distance
between the tip of the feeder nozzle and the top side of the

glass slug is kept constant during the infeed.

9. The process as claimed in either of claims 7 and 8,
wherein the distance between the tip of the feeder nozzle and
the top side of the glass slug is increased when the infeed

has ended.

10. The process as claimed in one of the preceding claims,
wherein the glass slug (1) is actively cooled after it has

been fed in.

11. The process as claimed in one of the preceding claims,
wherein after the glass slug (1) has been fed in, a second
fluid cushion for cooling and/or shaping the glass slug (1)

is produced between the top side of the glass slug (1) and a
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12. The process as clained in claim1l, wherein a
porous material which is perneable to the fluid is
used for the 5 second nold half (8), at least in a
subregi on thereof. 13. The process as clainmed in one
of the preceding clains, whe{gin purified
techni cal -grade gases are used as fluids for
generating the first and/or second fluid cushion. 10
14. The process as clained in _claim13, wherein
fhuifrpeamgaplei segoad. medd TR fpri8dess as claimed in
one of the preceding clains, 15 wherein the fluid
flows through the first mol d hal f (2) and/or the
18ecofBenBlracrarf ap3ylaimedaéh cagémniltlh aherein a porous
mQ%EEEQQ'thXhOEs gégmééggethsQ hiO£ % 1516 seM&or the
process as claimed in one of the preceding clains, 2
sgRendi RotBehpdfous) mavér ilglstsad ias sabgiegiemedhereot .
material. 17. The process as clained in claim 16,
wherein a sintered material based on
l8er r BbEORrPESESt A/t cdadmidatinr esiestodntthe preceding claims,
T}, U I I R I CORRAL I or
e B En, Bt oAl R A P Sxsy g Rlytas for
gpneceSénastbbafmedtiandVamnEEanwhéd@um lcuebnen .600
is used. 30 19. The process as clained in claiml6,
wherein a nonoxidic ceramc sintered material is
ld4sedTh20prdhespr ecesdadsed dnmedaim AB3e ehettedn purified air
% Sggglng clainms, wherein the glass slug (1) is
ea fron1above after it has 35 been fed in. 19 21.
The process as clainmed in claim 20, mherein t he glass
1; ﬁ I s heated bﬁ neans .of IR r nt heazﬁp
2. FhE’ BrBEESS a5 ELarfed iR P& Mi2GiCwRErs

wpkassn the fluid flows through the flrst mold half (2)
and/or the second mold half (3), in each case with a
permeability of 1*107m? to 30*107**m?.

clalms,

l6. The process as claimed in one of the preceding claims,

wherein the porous material used is a sintered material.

17. The process as claimed in claim 16, wherein a sintered
material based on corrosion-resistant and heat-resistant
chromium-nickel alloys, nickel-copper alloys and/or nickel-

chromium-molybdenum alloys is used.

18. The process as claimed in claim 17, wherein Inconel 600

is used.

19. The process as claimed in claim 16, wherein a nonoxidic

ceramic sintered material is used.

20. The process as claimed in one of the preceding claims,
wherein the glass slug (1) is heated from above after it has

been fed in.
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slug (1) is heated by nmeans of convection heating. 23.
The process as clained in claim20, wherein the gl ass
slug (1) is heated by nmeans of a reflector which
reflects the 10 thermal radiation of the glass slug
(1). 24. A device for producifg fire-polished gobs,
conprising - neans for feeding a nolten glass slug
(1) into afirst nold half (2) of the device, which
is perneable to fluids, 15 - means for cooling the
glass slug (1) in the first nold half (2), nmeans for

PrOd@Hén?r@cgbésgsfEQEQm%HSEhOElg Q@tmﬁﬁgreE%et 'r%ﬁass

and the glass slu nmeans
spagsi hy anhaaaeﬂhbwu@ﬁanﬁeoﬁ ﬁBt rﬁduénﬁabﬁa(cng 20
while the glass slug (1) is being fed in and cool ed,
and neans for setting and reducing the through- f|OMIOf
2%} ui Bhepproaeenst A8 g&asmesil 4y clpiandOyhehkiredn mbled glass

syabf ({7) i s3heateashyWIELRS! BE ObAsS Elg GLhrlinohel no

mal nt al ni ng t rst
cushlon (3) whereby the first nold half (2), which

>, §0NpPL se 0 % rlal per me ahl.e t th
$[u|d’§|§r§c 85 % 8?% ugg lphelglrs?OfIU| §rEGEnhicd§ 9iass
si®y. (1) is heated by means of a reflector which reflects the

thermal radiation of the glass slug (1).

24. A device for producing fire-polished gobs, comprising

- means for feeding a molten glass slug (1) into a first
mold half (2) of the device, which is permeable to fluids,

- means for cooling the glass slug (1) in the first mold
half (2),

- means for producing a first fluid cushion (3) between
the first mold half (2) and the glass slug (1), and

~-means for passing a fluid through the first mold half (2),
while the glass slug (1) is being fed in and cooled,

and

- means for setting and reducing the through-flow of fluid
between the glass slug (1) and the first mold half (2), at
least while the glass slug (1) is being fed in, while still
maintaining the first fluid cushion (3), whereby

- the first mold half (2), which comprises a porous
material which is permeable to the fluid, in order to produce
the first fluid cushion (3).



