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(54) Ligquid cooling of glassware moids

(67) A giassware forming mokd that includea a body
(30 or 82) of heat conductive consiruciion having a cen-
tral partion with a forming surface (32 or 32a) for shap-
ing moken giasa and a peripheral portion spaced
mdially cutwarcly of the central portion. A pluraldy of
coolant passages (34a to 34h, 54 to 70) extand in a
spaced array through the peripheml portion of the mold
body, and Nquid coolant i directad through such pas-
sapes for admacting heat from the bedy by conduction
from tha forming suriaca. A plurality of openinga (36a to
368q) extend mdally ino the body radaly between mt
least some of the liquid coolant passages and the form-
Ing surface for retarding heat transfer from the forming
surface io liquid coolant In the passages.
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Description

Jo001]  The pressnt invention la diractad to cooling
of molds in a giassware forming machine, and more par-
ticularly to liquid cooling of tha biank moids and/or biow
moids In an Individual section machine.

Background and Objects of the invention

[0002] The sciance of glass container manuiacture
Is currently sarvad by the so-called individual saction or
IS machine. Such machinas include a plumilty of saps-
rate or Individual manufacturing sactions, each of which
has a muliplclty of cperating machaniama for convart-
Ing ene or more chargas or gobs of molten glass nto
hollow giass containers and transferring the contalnars
threugh auccesasive sistions of the machine saction.
Each machine sacion Includes one or more biank
moids In which a gines gob Is inltially formed In a blow-
Ing or pressing operation, one or mors invert arma for
transianring the bianks to biow mokis In which the con-
tminere are biown to final form, tonga for removing the
formed containers onto & deadpiate, and a sweepout
machaniam for transtering molded comainers from the
deadpisia onio a conveyor L& Pstant 4382544
Includes & background discussion of both blow-and-
biow and press-and-biow glassware forming procassas,
and disclosss an elechopnesumatic Individual saction
machine adapted for uss In elther process.

[0003] In the past, the blank and biow moids of a
glassware forming machine have generally been cooled
by directing alr onto or through the moid parts. Such
tachniquea Iincrasses the tamparature and nolss level In
the surrounding snvironmant. Furthermore, productivity
Is imbed by the abiiity'of the air to remove haat from tha
moki parte In a controlled process, and process stabilty
and contailner qualy are affected by the difficulty in con-
troliing ek tempemture and flow rets. it has bean pro-
posad In U.S. Patenis 3,887,350 and 4,142,884, for
ammple, to dirct a fluld, such as watsr, through pas-
sages In the mokd sactions to improve heat aximaction.
However, heat axiraction by Rquid cooling can be too
mpid and uncontrolied, at least in some areas of the
moid, so sitaps must be taken to retard hesat transfer
from the Inner or forming surfmce of a mold section to
the outer pariphery In which the Equid cooling passages
are disposed. Various techniques for so controlling lig-
uid-cooling heat exiraction have besn proposaed in the
art, but have not bean entirely satisfactory.

{0o0d] Mold materal for menufecture of quaity
ginssware must have the following chamctaristics: good
wenr propertiss, good thermal cycle resistance to crack-
Ing, good machanical properties, good glass releass
properties, ezse of machinabilly, aass of repalr and
aconomic feaalbilty. Ducifie lron, which ls defined as an
Tron in which free microstructural graphits Is In the form
of spheres, has baan proposed for use as a mald mate-
ral to manufacture glasswars in which reduced themal
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conductivity (as compared to gray Iron for eampis) is
dasired. Specific smamplas of giassware in which ductile
yon Is amployad as the moid material are small contain-
ars that require a amafl amount of heat removal in the
moikd equiprment, such &s cosmetic and pharmacsutical
boities. However, ducils iron has nat besn employed in
manufactira of larger giassware bacause of is reduced
heat tansfer and thermal cycie resistance capabifities.
Ni-Rasist ducille ron has bean proposad for giassware
manuiaciure. The increased nicikal content of Ni-Reslst
duciils Iron contributes to improved giass releass prop-
ortlan. However, standard sustentic Ni-Resist ductiie
¥ron does not sxhbk desired thermel conductivity and
regiutance to thermal cyelle cracking.

[0005]  Itlstherefore @ geneml object of the present
ivantion to provide a glassweare forming mokd, and a
method of cooling such a moid, that improve termpemn-
fure control siablly at the moid forming surface.
Ancther and more specific objact of the prasant Inven-
tion Is to provida a moid and method of cooling In which
moid suriace tempearature can be adjusted and dynami-
cally controlied during the giasswmre forming opamation.
Yet another object of the presant invention Is to provida
a mold and method of coofing In which more unlform
tempamiure and tampeamtura control are obialned both
cireumferentially and axialy of the moid forming surface
o tulior the overall heat transfer characieristics of the
moid coolant system to achleve efficlent giass forming.
Yot another object of the presant invantion ls to provide
2 mokd cooling technique that Is characterized by
reduced comosion In the coolfing passages and
Improved operating Il of the antire mold and cooling
sywtam, A further abject of the ivantion is to provide a
material for construction of a glassware mold, including
slthar a biank mold or & blow mold, that exhibite the
desirable mold properties listed above.

Summary of the Inveniion

[0008] A giessware forming mold In accordance
wihh prassntly preferred ambodmeanta of tha Inveniion
includes et least one body of haat conductive construc-
tion having a ceniral portion with a forming surface for
shaping moken glass and a periphamal portion spaced
mdialy outwardly of the centml! portion. At lsast one
passage extenda through the paripheral poriion of the
moid, and Squid coolant is diracted through the passage
for extracting hast from the body by conduction from the
forming surface. At lsast ons opening Is provided In the
mold body extending into the body and positionad radi-
afly between the coolant passage and the forming sur-
face for retaxding heat transfer from the surface to liquid
coolant In the passage. Tha mold prelerably comprises
a spit moki having a pair of moid bodies with kientical
arays of passages and openings. The mold may be
efther a biank molkd or a blow mold.

[0oo7]  In the disclosad embodiments of the inven-

tion, the openings have a depth inio the body, elther part
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way or entirely through the body, coordinated with con-
tour of the forming surface and other manufacturing
paramaters to control heat transéer from the forming sur-
face 1o tha coolant passagas. The openings may be
wholly or partially flled with materisi for further talloring
heat trangfer from the forming surface to the coolant
passages. In a moid body having & pluralily of coolant
passagss and a pluraity of openinge, the heat transfer
properties of the opsnings may ba tallored clircumieran-
tially sround the moki body, such as by partially filing
avery other passage. Thus, the hest imnsfer chamcter-
latics of tha moid body can be taflored both radlaly, axl-
ally and circumdarentially of tha mald to abtaln deelred
heat transfer and forming suface termperature charac-
taristics.

[0008] Endplates may be carried by the mold body
for controlling flow of coolant In muliple passes through
the coolant passages In the mold body. In the praferred
embodimants of tha invention, one of tha endplaiss
contains a fluld intat end & fluld outiet, and channals for
diracting tha fluld to the mald passagas. Tha othar and-
plata containg channels for routing fluld from the end of
one coolant pasaage to the end of an adjacent passage.
in the disclosed ambodments of the invention, Aquid
coolant makes four passes through the moid body
befors returming to the fluld sump. The number of
passes through the moid body may vary upwardly and
downwardly depending upon moid size, the amount of
heat b be axiracisd, eic. I is aiso anticipated that the
number of coolant passes for coollng a blank mold wil
be less than for a blow molkd

[0008]  In accordance with yet ancther feature of the
presant invantion, the liquikd coolant comprisas watar,
preferably mbad with a heat transier fluld such as pro-
pylane glycol. Other heat tansfer flukis include sllicon-
basad heat transier flulda, synthetic organic flulde, and
Inhibitad giycol-basad fluide. The coolant fluki contral
system prefarebly inciudes faciilly for detacting and con-
frolfing coolant composition (a.g., propylane glycol con-
cantration), coolant temperaiure and coolant flow mie,
and an etectronic controller for controliing composition,
tamparsture and/or flow nate to achleve optimum cool-
Ing and tempereture control at the mold forming sur-
faces. In this way, mold surface tempemture can be
dynamically adjusted and controlled.

[0010] In accordance with a further featurs of the
present invention, which may ba employed either sepa-
ruisly from ar more prafambly in combination with other
fextures of the Invention, the mokd body or bodias are
consiructed of austenitic Ni-Resist ductlle Iron. Such
ductile kron s praferably a Type D Ni-Rasist ductila iron
in accondancs with ASTM-A438-84, but modified to pos-
sass Increased siiicon and molybdanum content. Type
D2-C 1ron Ia currantly employed. Siicon content is pref-
embly In exceas of 3.0%, and most praferably is 4.20%
1 0.20%. Molybdanum comtent is prefarably In excess of
0.5%, and most preferably 0.70 1 0.10%. (Al composl-
tion perceninges In this application are In weight per-
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cant) Tha Increasad siicon content decreasss the
tharmal conductivity of the mold material The
increased molybdanum contant improvas thermal cycla
resistance to cracking. The Increased nickel contant
characteristic to Nl-Reelst meaterials improves glass
release properties. The austenitic Ni-Resist ductlle lron
moki compasition In accoriance with this aspect of the
invention aleo ylekis desirable wenr and other mechan-
ical properiies, sase of machineblity and repak, and
desirable economic feaabilly Austeniic ductils NI-
Resist matarial aiso provides a more siable microstruc-
fure than gray lron, for commple, up 1o a tampamture of
1400°F

[©0011] A method of conling & moid for a glassware
forming machine In eccondance with yet ancther espect
of the presant Invention contemplates providing & mold
body of heat conductive construction having a forming
surface, ot least one coolant passage axdtending axdally
through the body, and ai least one opaning that extands
uf laast part wey through the body. The opening ls dis-
posed mdaly batwaen tha coolant passagss and the
maold forming euface. Liquid coolant 1s clreulated
through the passages. Heat transfer from the forming
surfacs to the coolant Is controllad in part by controlling
diametar and dapth of the opening, and by optionally at
least partially flling the opening to medily the heat
transfor characieristics across the opening. In the pre-
ferrad ambodiments of the invention, st laast one, and

prefarably all of composition, tempemture and flow mte
of the quid coolant are controflad.

Briof Degoription of the Drwwinga

[0012) The Invention, together with additional
objects, features and advantages thareof, will be bast
undersivod from the folowing description, the
appended claims and the accompanying dmwings in
which:

FIG. 1 is a perspactiva schamatic diagram of a palr
af Bquid-cooled spiit molds In accordance with one
presently prefarred embodiment of the Invention;

F1G. 2's an apiodad parmpactive view of ons of the
£pitt mold sagments or parta In FIG. 1;

FIG. 3 Is a ssctional view of ona of the apik moid
paris in FIQ. 1;

F1G. 4 la a top plan view of the upper sndplats In the
moki part assambly of FIG8. 1-3;

F1G. 5 Is a botinm plan view of the upper endpiats
liustrated In FIG. 4;

FIG. 81a a top plan view of the lower endpiate In the
mokd part assembly of FIGS. 1-3;
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FIG. 7 is a bottom plan view of the iower andpiata In
FiG. 8;

FK38. 8-12 are echamatic diagrams asimilar to that
of FIQ. 3 but showing modified ambodments of the
Invention;

FIGS, 13-15 are schematic diagrams simllar to that
of FIG. 3 but showing athar mocified smbodiments
of the invention;

FIG. 16 is a schamaiic diagram simliar to that of
FIG. 3 but showing Implementation of the invention
in connection with a giassvware blank mold, as dis-
tinguished from the blow moids llustmiad In FIGS.
Sand 8-15;

FAQ. 17 Is a top plan view of the mok body In the
embadiment of FIGS. 2 mnd 3;

FIGS. 18-20 are top plan views eimiiar 1o thet of
FIG. 11 but showing respsctive modified embodl-
menis; and

FiG. 21 is a functional block diagram of a fuld cool-
ant control systern in accordance with a pressntly
prefarmed embodiment of the invention.

[0013] FAG. 1 lustmins a mold system 20 as com-
prising a first palr of spiit moid parts 22, 24 and sacond
palr of spilt moid parts 28, 28. The specific moid parta
22 - 28 lliustrated comprise blow moids In a dual I8
machine. However, the invention ls equally ussful In
conjunction with the cooling of blank molds (FIG. 18),
and in conjunction with other types of IS or rotary
machines, such ss singls, tripla and quad machinea.
Each mold part 22 - 28 comprisas a moid body and
opposad endpiatss. Mold part 22 will ba diacussed In
detall in connection with FIGS. 2-7 and 17, 1t being
undamtood that moid part 26 ts kdentical to moid asg-
ment 22, and mold paria 24, 28 ara the mirror Image of
mold part 22,

[0014] Mol part 22 includas a mold body 30 having
a central portion with a forming auriace 32 that, togathar
with the cormeeponding surface of opposad moki part
24, forms the suriace againet which molian giass Is
shaped In & pressing or biowing operation. The melten
glass thus makes contact with surface 32, tansferring
hett energy st surface 32 into body 30, which must bs
dissipated. Mold body 30 alao includes a peripheml por-
tion spaced mdially outwardly from the cantral portion In
which forming surface 32 1s disposed. A piurally of pas-
sages extend axially In a cicumferamtially spaced paral-
lel armay through the periphaml portion of moid body 30.
In the embodiment Nustrated, there are eight such pes-
sagas 34a - 34h, which are angularly spaced from each

other. The anguiar spacing betwesn passages 34a -
34h may be appradmataly squal incraments, but would
normally bs In unequal Increments because of non-
aymmeétries in the moid body. Each passage 34a - 34h
in FIGS. 3and 17 Is of cySndrical contour and of unflorm
diamater throughout s length, belng entirely open from
the top moid body surfaca 30m to the bottom moid body
surface 30b. Posltioned redially Inwardly of each pas-
sage 34a - 34h Is a cormesponding opening 38a - 36h. In
the embodiment of FIGS. 1-3 and 11, openings 364 -
36h axiand enfirely sdally thraugh bady 30 fram surface
30a to surface 30b, and ara respactively positioned mdl-
aly Inwardly of the comresponding paseages 34a - 34h.
[0015] Mok body 30 Is preferably constructed of
ausianiic Ni-Resist ducilia iron In accordance whh
another aspact of the present invention. Ni-Reslst duc-
e iron Is a ductiie iron that has a high nickel content,
typically In mxsss of 18%, and more prefembly in
axcass of 21%. A presantly prefermed compasition bs a
Type D2-C ductiis Ni-Resist compoasition generally in
accordance with ASTM-A438-84, but madifiad to pos-
sass incraased siicon and molybdenumn contents. The
following tabie lustrates chamical composition of thie
preferred matsrial

Thbie |
CHEMICAL COMPOSITION
Target | Runge
Carbon (%) 2.80 +0.20
Siicon %) 420 1020

Manganese (%) 2.10 +0.30
Magnealum %) 0.050 10010

Nicksl (%) 250 +1.50
Sulphur (%) 0.010 +0.008
Chrome %) 0.00 +0.50

Phosphorus (%) 0.00 +0.08
Molybdenum | (%) 0.70 +0.10
iron {Balancs)

This maierial has low tharmal conductivity, good corro-
slon reslstanca, good machinsblity and aconomy, and
good piass release propertias st the mold surface. The
Increased siicon contant dacreases thermal conductiv-
Ry, while the increassd molybdenum content resists
thermal cyclic cracking.

[0016] Guriacas 30a, 30b are panlisl to sach other,
being formed by associated pamiisl ladges on moid
body 30. An upper andpiata 38 and an intervening gas-
ket 40 are carriad on suriaca 30a, baing aacured to
moid body 30 by & plurally of acrewe 42 and gving
washers 43. A lower endplaie 44 and an Intervening
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gasket 48 are sacured to surface 30b by a correspond-
Ing pluralily of screws 48 and spring washers 48. (The
screw holes are not liustrated In FIG. 11 to highlight the
relationahip behwean passagas 34a - 34h and openings
36a - 36h.) Upper sndplate 38 (FIGE. 3-5) ls arcusls,
and has e redially opening Inlst port 50 and a mdially
opening outlet port 52. Inlet port 50 opana to a triangu-
lar-shaped caviy 54 on the underside of piate 38, There
are an anguiarly spaced pair of arcuats or chordal chan-
nels 58, 58 on the underside of piate 38, and & sacond
palr of channsls 60, 82 are formed on the underside of
piata 38 in communication with outiet poert 62. The
anguiarly spaced ende of channeis 82 and 88, pocket
54 and channala 58, 80 ovarla tha anguiarly spaced
ands of coolant passages 34a - 34h In assambly to the
moid body, a8 lllustrated In FIG. 4. Lower endpiate 44
(FIGS. 8 and 8-7) ls Tkawisa of arcuats contour, having
an upper faca In abutment through gasket 48 with sur-
face 30b of the mold body. Four arcuste or chordad
channala 84, 88, 88, 70 are formed on the upper face of
lower andpiate 44. in assembly, the angularly spaced
ends of these channels underile the enguiarly spaced
ends of moid coolant passagea 34a - 34h, as baat seen
In FIG. 7. h will be noted In FIGS. 4 and 7 that the chan-
neis In the endpiatas are wider than tha passagea In the
meold body. This accommodains afight misafignment dus
to tolerance variation or differential thermal expansion.
[0017] in use, Inlet pori 50 of uppar endpiate 38 Is
connected to a source of liquid coolamt under pressure,
and outlet port 52 ia connected to a coolant retum Mne.
Caolant Is thus routad from Inlet port 50 and Inlst pocket
54 dowrmwardly (In the orlentation of FIG. 3) through
passages 34d and 34a i lowar andplate 44, thence by
andplate 44 upwardly through passagas 34c and 341,
thence by endpiais 38 downwardly through passages
34b and 34g. and thence by endplats 44 upwardly
through passages 34a, 34h and endplate channsis 80,
82 to outiet port 52. The cooling liquid thus makas a
total of four passas through the mokd body before retum
to the sump. The number of passes may be taliored In
accordance wkh the principles of the invention to
achisve the desired themmal gradiant the
moid/conlant interface using sulkable corventional com-
puter modaling tachniques. Openings 38a - 38h reiard
heat tranafer from forming surface 32 to coolant pas-
sages 34a - 34h and thus control the overall hast tnans-
for rets from the glass to the coclant. In the ambodiment
of the invention Nustrated In FIGS. 3 and 11, passages
36a - 36h extandad sntiraly through the mold body at
uniform diameter and substantially equal angular spac-
ing. The upper and lower ende of the ssveral passages
38a - 36h are blocked by gaskets 40, 48, as best ssen
In FIG. 3. Opaninga 38a - 36h thus form closed alr pock-
otn with lower heat transfer propertias than the matal of
the mold, and thus ssrve partially to rstard and control
heet transfer to the coolant passages by interrupting the
haat transfer path. (Openings 38a, 36h ara lllusirated a8
baing of lesser damater in FIG. 11 because of the need

o accommodats endpiats mounting holes, as bast ssan
in FIGS. 4-7.)

[0018]  The number and position of apanings 38a -
36h are selectad In accordance with dealred heat trans-
far chamcterigiica. For ammpile. FIG. 18 usimies a
modiication In which opanings 38b, 38g are repiaced by
ssveral smaller openings disposed between coolant
passages 34b, 34g and forming asurface 32. F1Q. 10
lugimias tha use of supplamental opanings 34 - 340
bstween coolant passages 34a - 34h and forming sur-
face 32 further to resirict haat tmnafar from tha forming
surfaca to tha coolant passagas. Thua, whils in ganeral
openings 34a - 34h (and 34| - 340) are disposad radially
baiwesn the coolant pessages and the mold forming
surface, precise posttioning and size of these openings,
as well as a number of openings, are tallored to apecific
appliications for obtaining desired heat transfer chamc-
toristics.

[0019] Openings 38s- 36h (and 341 - 380) are Tus-
tratad as baing of uniform diameter throughout their
langths, which faciitsies manufaciure. in accordance
with another fasture of tha Invantion llustmied In FIGS.
8-12, these opanings may have diffarent heat tansfer
chamctaristics siong thelr axial langthe through the
mokd for further heat transfer control. For example, FIG.
8 lustretss a modification to the embodiment of FIQ. 3,
in which opening 38d s partially filled with a material 70
of heat transfer chamcteristics that ara different from
those of alr. For example, material 70 may comprise
sand, which sffectivaly forms a filler or plug within open-
ing 36d. Thiw plug of material 70 is Hustreted as baing
positioned about mid-way along the lsngth of the body
portion of the container forming surfaca 32, and thua
would conduct greatar heat to coolant passags 34d
from the mid portion of the container forming surface
than would ba the case from the upper and lower por-
fions of the container forming surface. Cormesponding
fllers or plugs 70 may be pasitioned in the other apen-
ings 30a - 30c and 30s - 30h, or may be positionad In
altemate openings, for mmample. FIG. § Tlusiries a
modification In which opening 38d contains a first mate-
ral plug 72 adjacant o the mid portion of the container
forming surfacs, and a sscond plug 74 adjacant to the
lowsr portion of tha container forming aurface st the
container heel Thus, tha raia of heat transfer from the
lowar and mid portiona of tha container forming surfece
would ba different from the rais of heat tansfer at the
upper portion of the contalner forming surfacs, and
wouki be different from each other, In the madification of
FIG. 9. FIGS. 10 and 20 lusirats @ mociication In
which openings 36a - 36h extend only part way through
the mxial length of the moki body. In this macification,
heat would be extractad more mpidly from the contalner
nack area than from the container shoukiar and boady
areas of the mold forming surfiace. Tha modification of
FIGS. 10 and 20 may bs empioyed to provide room for
andpiate mounting holes without substantially afiacting
opamtion. it is ganamlly prefered that heat transfer
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chamcteristics ba circumferentially uniform.

[0G20] As noted mbove, all of the embodimanta thus
far discussad possass opanings 38a, sic. of cylindrical
contour and uniform dlameter. However, other passage
geomsiries are contampiated. For example, FIG. 11
Husirates 2 mold body 30 In which opening 38p s
formad by differential drilling, having end portions of
graater diameter and a centml portion of lesser diame-
ter. The portion of lesser dismeter may extand for a
greater langth than ls Mustrated In FIG. 11, and indesd
may exdend to sither the upper or lowsr surface 30a,
30b. Thus, the embodiment of FIG. 11 achleves greatsr
heat conductivity In the central portion of the mokd, a»
does the embodiment of FIG. 8 for exampla, but without
the use of addiional materials. FIG. 12 Hlusirias
ancthar modification, In which the apaning 36q Is Inter-
nally threaded and recelves an externally threaded plug
75. Once again, piug 75 may be of any desived langth,
and mey be varisbly positionad within opening 38q. The
ambodiment of FIG. 12 has the edvaniage of baing
adjustable on the manufacturing floor.

[0a21] in short, the principlas of the prasant Inven-
tion provide opportunity for talioring the heat tmnsfar
characteristics of a mold to accommodats any desieble
opemiing conditions or sRuations. The heat-blocking
openings may be poaitioned bstween the moid surface
and each coclant passage, or betwaen the mold surface
and some coolant passages. Heat transfer characteris-
tics of the blocking openings may be tallored both axially
and cireumiarantially of the meid body o achieve any
dasired differantial cooling propertias. FIGS. 13-15 [ius-
trate embodiments of the invention in which coolant s
Introduced and withdrewn at verious locations. In FIG.
13, coolant i introducad and withdrewn from the mdial
direction at the upper and of the mold body, as in FIGS.
1-3. In FIG. 14, coolant la inroduced and withdrewn
from the redial direction at the lower and of the mold
body, while In FiQ. 15 the coolant Is introduced and
withdrawn from the axial drection et the lower end of the
mold body. It will be spprecistad of courss, that coolant
may ba Introcuced, for eample, et the upper end of the
mold body and withdrawn from the lower and of tha
mold body in accordance with the principles of the
Invention. FIG. 16 Diustrates application of the prasant
Invention In conjunction with a giassware biank mold &2.
Tha principlaa remain the eame as In the above discus-
alons relative to biow molds, akhough lese heat Is nor-
mally extractad from a blank moki due i the desime to
maintain elevated ternperature at the giasa biank, and
congaquently fewer coolant passages and heat-block-
ing opanings would normally be provided In conjunction
with & blank moid

[oa22] FAG. 15 Nustrates two additional modifica-
tions In accordance with the invention. A palr of plugs
82, 84 closs tha respactive ends of opening 36d in mold
bady 30. When empioying moid bodias which are suff-
clently porous that coolant can flow from passage 34d
fo opaning 36d, pluges 82, 64 prevent contact of coolant
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vapor with gaskets 40, 48. A palr of flow adjusimeant
needies 98 {(only ona s ustmiad) are threadahily
mounted on plate 38, Each adjustmant neadis has a
naedie paint that anters a fluld passage channel In plate
38. Noadios 06 thue provide for adjustment of reslst-
ance fo fluld fiow at each mold part.

[0023] FIG. 21 lustmtes a coolant clrculation sys-
tern B0 In accordance with one presently preferred
implamentstion of the invention. Coolant 1n the pres-
antly praferred Implementation of the invention com-
prises a mixture of propylene gliycol and water. This
mixture heips prevent cormoslon, raduces haat transfer
from the meld bodles, lubricates the pump, and helps
reduce two-phass baifing In the mold coolant passages.
Other conlants and bisnds of coolants may be used as
dictated by environmental and other factora. The reta-
tive percentages of propylens glycol and water are con-
trolled by a coolant composition contral unit 82 undar
control of an slecironic controller 84. Likewise, there is
a coolant tamperaturs control unit 88 for sensing cool-
ant tampersiure, and for heating or cooling the coolant
as required under control of controller 34. A coolant flow
mts control unk 88 Includes a variable output pump and
sultable msana for measuring coolant flow rate (and
pressure I desired). Coalant may be fed from unit 88 to
all mold segments comected In paralisl, or may be fed
through indivicually controltable vaives 80 to the Individ-
usl moid segments. Valves 80 are controlled by elec-
tronic controller B4. Thus, controller 84 recelves
indication of coolant composition form unit 82, coolant
tempenature from unit 88 and coolant flow rate (and
prassure) from unit 88, and provides comasaponding
control signals 1o the composition, temperature and flow
rats controllers. Controller 84 also provides aultabis sig-
nala 1o the individual vaives 80, which gives faclity for
controliing coolant flow to the moids individually. In any
given sppication, one or more of the control units 82,
886, 88 and 90 may be daletad ¥ deaired.

[0024] There have thus been disclosad a moid, and
& method for cooling & mold, for use In a glassware
forming systam, that fully satisly al of the objects and
alms previously set forth. Specifically, opsnings are pro-
vidad In the mold bbdy at a number, poaition, depth and
content to control heat transfer betwsan the mold sur-
face snd the coolant. This fashra aflows molds to ba
designad for spacific tempemtura control and heat
transfer charactsristics. Further, control of coolant com-
posttion, temperature andior fiow rate provides dynamic
control of mold surface tempemture. Mold comrasion Is
raduced and oparating e Is axianded. Several modifl-
cations and variations have been disciosed. Akhough
the immention has bean disciossd as being particularly
ussful in eonjunction with individual saction machinas,
the invention may be readly amployed In conjunciion
with other typea of glassware forming machines, such
aa rotary machines. Other modifications and variations
wiil suggest themseives to psrsons of ordinary eklll In
the art. The invantion Ia intandad to ambmace all such

a9
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maocdifications and variations as fal within the spiit and
a broad acope of tha appandad claima,

Claims
1. A gisseware forming moid that comprises:

at lsast ona body (30 or 22) of heat conductive
construction heving a caniral portion with a
forming surface {32 or 32a) for shaping molten
giaza and a pariphemal portion spaced radally
outwardly of aald cantral portion,

at isast one coolant passage (34a to 34h, 54 to

70) that extends through aaid peripheral por-
tion,

means (38, 44, 80) for dieecting liquii coolant
through sald coolant passage for exiracting
hesat from sald body by conduction from eald
forming euriace, and

at lanat ona opening (38a to 38q) In sald body
thet extends into sald body and is poskioned
radlafly between sald coolant passage and aald
forming surface for retarding heat tranefer from
said surface to Iquid coolant in saki passege.

2. The moid set forth In claim 1 wherein sald at least
one opening (36a to 38q) has a depth Into sald
body coordinated with contour of sald forming sur-
faco (32 or 32a) to control heet transfer from sald
forming aurface to coolant In sald coolant passage
{34a to 34h, 54 to 70).

3. The moid sst forth In claim 1 or 2 wherein seld at
least one opening (38a to 38q) Is a biind opaning
{FIG. 10) that exdends part way bnto sald body {30
or 82).

4, The moid set forth In claim 3 whereln sald forming
surfece {32 or 32x) has a first poriion for forming a
contalner body and a sscond portion for forming a
contalner nack, and wherain sald st laest one apan-
Ing (38a to 36q) has a dapth dizposed between eald
container body-forming portion of aald forming aur-
face and sald coolant pansapes.

& The mold set forth In ciaim 1 or 2 wherain said st
least ona opening (36a to 38q) sxtends exdally
through sald body (30 or 82),

6. The mold setforth in clalm 1 or 2 further comprising
means (72 to 75) at lsast partialy fillng =t least
some of saki at lsast one opening (38a to 38q) so
s to vary heat transfer radially through aaid open-
Ing.

7. Tha mold sat forth in ciaim 8 wherain sald means
{72 to 75Mlils a mid portion of eald et least one
opaning.

& The mold sat forth In ciaim 8 or 7 wharein aaki
opening (38q) Is Intamally threaded, and whersin
sald means (75) comprises an extemnally threaded
plug In sald opening.

8. The mold set forth In claim 1 or 2 whemin sakd
opening (38a to 36q) has a un¥orm cross saction
throughaut its length.

10. The moid st forth In cialm B whereln sald openings
(36a to 38q) are of unform cylindrical dlameter and

entirely open throughout thelr lsngths.

11. Tha moid set forth In cialm 1 or 2 whareln sakd
opening (36p) has a cross section that varles along
e longth. .

12. The mokd set forth In ciaim 1 or 2 comprising a plu-
ralty of sald coolant passagae (34a to 34h, 54 to
70) axending in 2 spaced amay thmough sald
perpheral portion.

13, The moid sst forth in ciaim 12 wherein sald body
{30 or 82) has first and sacond end surfaces (308,
30b) &t which said coolant passagas open, and
wherein sald means (38,44,80) for diracting Bquid
coolant comprises a first sndpiste on sald first end
surface and a sacond endplats on sald second and
surface, sald endpiates having means In alignment
with sald passage (34a 1o 34h) for directing cooling
fluid through sald coolant paseagea.

14. The mold set forth In claim 13 whereln sald first
endpiate (38 or 44) comprisaa fluid Inist means for
directing fluld into an and of one coolant passage
and fluld outist means for recelving fluld from an
end of ancther of sald coolant passagea.

16 The mold set forth In claim 13 further compriaing

means (88) on one of sald endplates for adjustahly
varying crosa section of ssid fluld directing mesns
to fluld flow.

16. The mold set forth In any praceding claim compria-
ing a spitt moid having a palr of sald bodies {30 or
62) with dentical arreys of coolant passages and
openinga.

17. The mold set forth In claim 18 wharein sald mold
comprises a biow moid.

18. The moid set forth In ciaim 18 whereln sakd mold
comprises a biank moid,
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19. The moid sat forth in any pmceding ciaim wherein
sakd body (30 or 92) 's of ductlie Iron.

20. The moid set forth In claim 18 whereln sald ductlle
fron Is an austenitic Ni-Resist ductiie Iron having a
slicon contertt in excass of 3.0% and a molybde-
num content In excass of 0.5%.

21. The moki set forth In claim 20 whereln saki alllcon
content ls 420 & 0.20%, and sald molybdenum
content Is 0.70 £ 0.10%.

22. The mold set forth In any preceding claim wherein
saki means for directing coolant comprises means
(80) for conirolling at least one of the variables term-
perature, fiow rate and composkion of sald coolant.

23. A moid for a ginssware forming machine that com-
prises at least one body (30 or 82) having a central
portion with a forming surface (32 or 32a) for shap-
Ing molien glass, and & peripheral portion spaced
radially outwardy from sald central portion, sald
body baing of austenitic Ni-Resist ductiia ron hav-
Ing a aiicon content in excesa of 3.0% and & molyb-
denum contsnt In excess of 0.5%.

24. The mold set forth In claim 23 wherein sakl silicon

cortant is 420 £ 0.20%, and aald molybdenum
content s 0.70 £ 0. 10%.

25. The moid sat forth in clalm 23 or 24 whersin sald
mold comprises a biow mold.

28. The moid sat forth In clalm 23 or 24 wharein sald
mold comprises a blank mold

27. A method of cooling a mold for a glassware forming
machina, which comprisas the steps of:

{e) providing a moid body (30 or $2) of heat
conductive conatruction having a forming sur-

face (32 or 32u), st lsest ons coolant passage
{34a tp 34h, 58 tp 70) extending through sald
body, and at loast ane opening (38a to 38q)
that axtand at lsast part way through sald body,
sald opening being disposad mdially batweaen
sald passage and said forming surface, and
(b) circulating liquid coolant through sald pas-
sage (34a to 34h, 58 to 70).

28. The method set forth In claim 27 wherein sald step
(8) Wncludss the step of controling haat transfer
from sald surface 1o eaid coolart In said step (b) by
selocting diameter and depth of sakd opening (38a
to 88q) tn sald stap (a).

29. The method set forth In clalm 28 wherein ssid step
{) Includes the step of at lsast partially filing sald

10

at lsast ons opening (30a to 36q) 80 & to vary heat
transter radially of sald body ma a function of axial
position In sald body.

30. The method set forth in clalm 29 whereln sald atsp
of et least partially filing asid epening comprisas
the atape of intamally threading sald opening (38q)
and threading an externally threaded plug (75) Into
saki opening.

31. The method sat forth In any one of claime 27-30
wherein sald step (b) Inciudas the sinp of control-
ing ut least one of composltion, temperature and
flow rate of sald iquki coolant.

32 The method set forth in any one of claima 27-31
wherain eaki stap (a) comprises the siep of edjust-
shly varying cross saction of sald passages (34a to
34h, 58 to 70) to fluld flow.

1O}
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FIGURES 2A, 2B, 2C and 2D ars reproductions of
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4
cmables the production of predominantly vermicular
gruphits structure In corlum-magnesiom

in a vermicular form sed containjog about 0.005% or
about D.01% to about 0.06% magneeiam, about 0.15% to
aboat 0.5% titaninm, about 0.001% to about 0.01% or
0.013% of & metal, g, cerinm, from Group III-B of
the pariodic table, not more than about 0.02% or 0.023%

the special cast materinl provided in accordance with the
invention, the carbon content is about 2% to about 4%,
the manganese content is about 0.1% to about 2.5%, or
more when nickel is high enough to maks the alloy austen-
itic, and the silicon content is about 1.5% to about 3.5%,
more advaniageonsly, not exceeding 3%. The product
may contein up (o about 1.0% chrominm, up o about
2% molybdenum, up to sbout 0.5% vanadium, up to

taken at 100 diameters depicting ver- 30 about 0.2% phasphorus, up to sbout 0.2% zirconium,

micular graphite structore in cast fron prodoced in ac-
cordance with ke Invention over a rangs of magnesinm

comtents;
FIGURES 3A, 3B and 3C are reprodnctions of ghow-

micrographs taken at 100 diameters the T
depicting mo-

duetion of

up to abont 0.05% sluminum, ete. The nickel content of
the alloy msy optionally be as high as about 36% as,
for exampis, In castings having an austenitic matrix and
contalning shout 209% or mors nickel, In the presence of
nickel in amounts sufficient to render the matrix susteni-
tie, the comtents of carbide-forming clements such as
chramiom, molybdenum, vanadinm and manganess may
ba higher than those met forth hareinbefore. Thus, for ex-
ampls, susinnitle castings may cootaln about 2% of
chramhon, ‘The slements copper, tin, lead, antimony and
bismuth are undesirabls impuritios in tho special cast
materia] provided in accordance with the invention sinco
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TABLE T TABLE V
Alley Telln TYhld Elmg- Modulu, Peroent
Na thon, pal, BION Suucture Yihid XKlonge- Vermle-
= e S o B S e e g
lemareee O m1 48 WIXIC 1N .Ell. [ .m
E T a4 ne as mmag : :’h — we a T ™ "
Loerene faa ot 1 moae -hh 3L ai 0 13 o
P Y | a0s Al BOAr 18 lla!k H 1] 7.3 30 19 )
| a3 a3 1 ATXE W0 WAV, 10 M. ’; 51 ¥ 30 o -]
r T— o s P RETTL.T B | v, aLp a.s [ ¥ 19 ]
 T—— “i Y] A8 BAXW I; v: 1 ol e e n had
F—— @ n A8 UDGQE T i
L Y- €3 =ms 8 LD 1w . 16 ofmﬁ:mh‘:‘-bhvmnm“ml.l;lhlurmpq&-
. special cast product are not affected by variations
Bo—. W R0 8 EDD ... oy (% in section sizs to any greater extent than arc the proper-
| I ai Y] 23 maxw 18 v,.. tien of common gray cast Irons.
- —— na ae LE nBXI 1M WREV, o, mwg.mb&u?mmﬁﬁ&mm»
cording to fnven n broaden the magnesiom
n...... mr ni L8 fLikin - ur WRYy compositional range over which vermicular graphite is
o...on na a0 L) o I ";5_ obtained In the copresence of cerium, substantislly iden-
18,..... s a0 20 NI 1N Y tical m;_lu were pmdﬁ eunl;lnln; about 33 men:tb;n.l_
_— v, about 23% silicon, a 0.3% manganese
::' :: :: 1e :'ﬂ: ™ vb' 25 ance cssentially iron. The melts were desulfurized 1o about
10 B s W% Ve 0.005% sulfur by calcium carbide injection. Titanium was
p | - ns -1 & rreneae. M3 V, introduced into one series of mells in an amount of about
9o a3 oy 'Y I s 1'1; 0.32% 10 0.34% while the titanium content of the other
0 al ar 20 13 éll- 20 sorics was about 0.015%. Various amounts of magnasiom
"""""""" vh' and cerlum were employed, The treated metal in each case
T B4 UYMW was inoculated with about 0.5% by weight of calcinm-
b o7 mmenasenes b ferroallicom containing about 85% silicon and cast

Veovamimlar. Swsphauidal . -
Norx.—Stetures wers observed in 3-ineh ssetion il temils blocka. The micro-structure obtained in the 2-inch section
451 Pariness Broperties wers dscrmined en Iinah ko biodk oatingh “dﬂnﬁphnvmmmlmdmdthamfmﬂn

of vermicular graphite in the structures, the mognestum,
the following Tuble I o5 csrium and titanlum and the fenslle properties
are shown in the following Table VL
TARLE M Puwreant Gﬂ‘;: :ﬁm h 3)
Thoroel Condativity, Belattw 50  Allay e . Pw- DIN
Matarial g !
Damping No. Mg Cs tm No 'l:h'll':t, Ywid, emt
mﬁumm........ iﬁﬂi‘""’"' - 08 Thaninm 0.20-0.%
T ey ==Y Y T n—————— Y % ..... 0013 000 VA YY) &
X e -t aE Y B 81 & U W
umnmﬂmum%-nm |kl Q0w RV D 020 MO @ o8 I
ﬁ:mn#&%&'&mmﬂlﬁ“ Timsm 0.015%
when the imposed vibrtion wes shut of, .
®._.. 00 500 v % as =3 43 A
lloem Gon av m B4 46 13 M
60 M---o.-nom oo v 0 fg¢ 41 K 7]
*Balance spheraldsl graphite,

‘The vermicular graphite structure of the special cast
product produced in sccordance with the Invention is not .
materially affected by variations in section size over the ‘The data in Table VI and the structures shown In FIG-
range from about 34 iuch up 1o about 4 Inches as illus- 65 URES 2A, 28, 2C and 2D of the drawing demonstrate
trated by data set forth in the following Tubles IV and V.  clearly that the graphite structure of castings produced in
accordance with the invention are caused to sppear In

the predominantly vermicular form dus to the required
presence of titanium even though magnesiom is Incrensed

TIAILI;V 70 substantially. On tho other hand, in the esseatial ahsancs
Fereen of titanium, the graphite structure rapldly is converted to
Annu [} g1 Mn Mg T C N spheroids as magnesium increases only alightly as iy shown
) - AR LB 047 OO0 03 @) hobnlmdeIlzsﬂr' s:il.:d ~ memducudm T o 30

...... 5 . n tenzile tests from all 30
..o 10 & o8 aem uM @%) 1.8 .y and 31 o3 shown in Table VI confirm that lllmazlllm
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contained a Jarge proportion of graphits in spherindal

the art to decomposs
mzy slso be appled to the castings produced In accord-

wnhﬂulnmdn.
nhuhwmmmm

mmmm-b- 1y" is used harein in

mdoﬂ-mbHo-bmlu

ployed In

:

conjunction with the description of the

Tbe chilling propenalty of the epecial cast material I
lower than that of a ductile iron casting end 1y approxi-

mately proportional to the
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3. A graphitic cast iron according to cleim 1 wherein
lhﬂmupm-lmdllhculnm.
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mu

0.2% to about 0.7% manganees,

to about 3.6% carbon, abont 2% to about
MW“MMM“M
titaniom and aboat 0.001% to about 0.01%
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and sbont 0.15% to about 0.5% ttanium, not more then 2,749,238 6/1956 Millis ... .. 75—I123 XR
about 0.025% sulfar, and with the balance except for 2841488 7/1958 Momrogh.
sxpall amouuts of incidental elementy snd impurities being 2,841,489 7/1958 Morrogh

ementially iron. 2041490 7/1958 Staven,
6. Tho procass according to claim § whereln the Gronp 5 2,867,555 1/1959 Cunty oo 75123
III-B meial {3 cerinm. 2873,188 2/1959 Bienlosek ..o = 75—130
7. The process according to clalm € wherein the casting 2877111 3/19%9 Bames oo T5—130
containg about 0.01% to about 0.04% magnesium, about OTHER REFERENCES

02% to sbout 0.59% titanlam, sbout 0.001% to about
. . Physlcal & Enginearing Properties of Cast Iron, H. T.
0.01% cerium, and not mose than about 0.02% sulfar. g Angus, 1962, pagea 121, 230, 231, 241, 287, 307, n;ul 308,
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