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| MPROVEMENTS | N | NVESTMENT CASTI NG Thi s invention
relates to i nprovenents in investnent casting and nore

w@arositieerarly to i nprovenents in an invest nent PCEEBRVG/001745

procedure where the heat utilised to nelt the waxtype
pattern and to sinter the ceramc nould is provided by
m crowave energy. In investnent casting first a nodel
of the article to be noul ded, usually from nolten
metal, is wax injected into a reverse engi neered
noul d, or fabricated froma wax type pattern material.
The pattern material may be natural or synthetic wax,

AMPROVENMENTE IV RVES TMENAr CASTINGXes, t her nopl asti ¢
materials usually, but not exclusively, including

fillers such as adipic acid and plasticizers. As used

S DR KO T REOTGR B Mo BBl KRS el byceny
heatovetiehfdlif aahi@thelTRthingddrbceliuid Rhdre thoheat S6libdd 1@ melt the wax-
"l ost wax" noul di ng procedure. Typically a nunber of

$ype pagternanddb singardhegaragisenould isprowigediey migowayagngray.-
"tree" of the pattern material and the whole is coated
several tines typically, but not exclusively, with

qe iikEncht bastg F6t SRBEE] oY B 47BEISkd B¢ molRRIC® AN Gom molten metal,
coating is then dried to provide a hard noul d around

tih avaxviaiectefpatpateesrse Apgingeresd moulth @r dalricetad fFemed Wik type pattern

is.melt out _and .the ceram c "shell".i.s sintered an

Py Tl BorE o o5 Bl OF et PR G208 or blends of
VhgBud WexeREhsimiAsstib andanesusuily, ¢Rrf A8t xchiBRkly, BRRuARS fillers such as
removed. | nvestnent casting using conventional sources

eflipieadid ped plagtédizers. dhrgasay hensih andpe Hss appepdedcdaims ghe ¢xpression “wax
has been proposed.e. in.Briti Pat.ent 1.457 046. .
tt%peu%aztem &a%%aﬁ’els éxﬁtgx?cbesgi to tlﬂ“é?cjsenép gli,ggll}eghfu'ﬁ’\gﬂq pattern materials suitable
FE0GRANS & i WK RBulding"Bro6edEONGHGAY -a HoWBMes! sififllar models are
princi pal problens encountered in’investnent casting

attached fto ofsptiné’t orfonm iaditreekplthe patteranuterial and the whole is coated several
times typically, but not exclusively, with ceramic slurry and sand type material. The ceramic
coating is then dried to provide a hard mould around the “wax type pattern material”. The
pattern material is melted out and the ceramic “shell” is sintered and molten metal is then

poured into the “shell” void. When the metal has hardened the ceramic shell can be

removed.

Investment casting using conventional sources of heat is a very lengthy and expensive
procedure. It has been proposed e.g. in British Patent No. 1 457 046 to use microwave
energy, thereby shortening the procedure and making it more economical. However the
principal problems encountered in investment casting arise from differential expansion and
contraction of the different materials involved when being heated up and cooled down. A
particular danger is that if the pattern material cannot escape fast enough from the ceramic
shell when being melted it may crack the shell due to its expansion. British Patent No. 1 457
046 offers as a solution to this problem the inclusion in the ceramic slurry of a so called
“lossy material” which will induce a rapid melting of the pattern material adjacent to the

shell. The solution however is imperfect especially when moulding articles of such a shape
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contraction of the different materials involved when
bei ng heated up and cool ed down. A particul ar danger

WO goosheno71 f the pattern material cannot escapeP@HEB2005/001745

enough fromthe ceram c shell when being nelted it nay
crack the shell due to its expansion. British Patent

No. 1 457 046 offers as a solution to this problemthe
inclusion in the ceramc slurry of a so called "I ossy

material " which will induce a rapid melting of the
ttern [l ' . i . i
TN il S0 008 ek 0 NSk T bt ofsisd o

Gfecls Upucfos paReiupatlf thbenfiaidl @f nheveiras isthotcaaltahfiyst, or is imperfectly

escape fromthe ceramc shell through a restrictggl. 1 ™

rerltedletheersrape sy tor dhe Foifly expsnding majerighayidhin dpe ghelliip dlocked wit
rue . t [ or is inperfectly nelted,

ﬁﬁ%leéglt%ﬁg&p?as[{%i ]fg%? b% ﬁ%%fr«gpi dl y expandi ng nateri al

within the shell is blocked with the result that the

shell may be cracked. It has been proposed in Japanese
Babesheep msonased inofrparese prERBBLlications P34 11 68 Ttorypgeé resin type mould

R

1SREprRGt ad$t delicd 6h pRSiIENLP & R uldBrtd @dontain lof wanireallowing the
a container of water allowing the water to penetrate :
twatenig pendieathtresiehdhe hereyorahseabpn HibiaR By capillary action. By this

api llary action. B LS hechni .
TR “GABT g VL SRR SBRICIMIRSBly e moud whr
WipbRdeXRAE elic aRRée siffRcd)dleeth&rWalCBe o gradidhere wisképtor content
be no gradi ent of susceptor content throughout

dhfolighan differeatsaress aftthe mouldd. Mpreewsrdhisttypesot sppia eulding cannot be

resin | di ng.cannat _.he u an. hi gh I [ .

55 B s SRantBR R S0 Ly oRURELDAA AR, e e
RliagdRs)a WMriHRPWblighihg! HkdtREs, Rivk i t6 Nhe n@@sREsng Bpe dfoprocess of resin
the manufacturing type of process of resin noulds,

whiwds, adiichodo prtpdesbiee a sewobtiinish taitkheasting.he casting. A

princi ple object of the present invention is to

resol ve these problens by providing a differenti al

R inBR1& BBfeRChE tHeShreSent GfiverBdn RAtS BdsblveBthedel @oblefis by providing a
different parts of the nould,

differential melting characteristic for wax pattern material in different parts of the mould,
such that material in a sprue or other restricted opening will melt before material in other
areas of the mould upstream of the opening. Thus when the latter material in turn becomes
molten its escape route is not blocked and it can exit the mould while expanding without
endangering the mould shell. The current virgin wax patterns, which must be used in the

production of engine blades, can be used in accordance with this invention.

In accordance with the present invention there is provided an investment casting procedure
using microwave energy as a heat source, characterised in that models of virgin wax are
attached to a sprue of a wax-type pattern material incorporating a susceptor having a
relatively greater heat absorption characteristic than the virgin wax and the sprue is attached
to a pour cup of a wax-type pattern material incorporating a greater percentage of said

susceptor than is incorporated in the material of the sprue.
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such that material in a sprue or other restricted
opening will nelt before nmaterial in other areas of

wo b@steerd upstream of the opening. Thus when PEEGB2005/001745

|atter material in turn beconmes nolten its escape

route is not blocked and it can exit the nmould while
expandi ng w t hout endangering the nould shell. The
current virgin wax patterns, which nust be used in the
production of engine blades, cap be used in accordance

it h s i [ r i t ; ;
HrenbiisRor R | Qhnsl GOSRATDE bepht 98 4B PEBfup which il be
REQE LA bBerisdsd the moaldewiesnaheway-tyas patttraabateial icmelted.
characterised in that nodels of virgin wax are
attached to a sprue of a wax-type pattern materia

i-ncor por at i c [ : | ter

DR RRER b SR RS ERDAL e RLOP By FrEBRELET T
the sprue is attached to a pour cup of a wax-type

pattern material_ incorporating a greater percentage of,
aitige s BBphgpultipinvirgn W@édw%ﬂ%ta@dmpﬁnt@% SR ptesyaid susceptor

the sprue,. The susceptqr. ' b OR
SRS IO B B bR RS Rt B B ghepor et
GB@RInA&Sofake trbe noul d when the wax-type pattern
material is nelted. The susceptor may be water,

carbon, graphite or any conbination thereof. A tree on

Y)ﬂ‘lic?gs?l%%?[o:ric%{%n%/ bf Bk Qre@%yr%ﬂgltﬁrea%rgﬁ)g%@tﬁ G dTRY susceptor content of

ate sard suscepto ve ‘a’pour cup

whé puricp ei4ydedh Gk RBgidheal §%. per cent age of said
susceptor than the renainder of the tree. The

susceptor content of the tree may be in the region of

12% he cont en t . b Y
20 RO SRD P o PP O o
Ieﬂyﬁpkl With ¥Wiférbndeaw/tieacdenpiryReirBying®)in hich:
non-limtative exanple with reference to the
acconmpanyi ng drawi ngs, in which: Figure 1 is a front .
1§85 0 £3ht BRI B Wihifle HiO Pouf HRs;
Figures 2A and 2B respectively illustrate the sprue of Figure 1 in front and side elevation
with multiple models attached, so that it is now called a tree, and
Figure 3 illustrates the tree of Figures 2A and 2B in side elevation showing that the whole

has been coated with a ceramic material.

The drawings illustrate a sprue 10 having a pour cup 14 filled with wax-type material 11.
Models 12 of articles to be moulded are attached to the sprue by wax, glue or hot knife
attachment. As is known per se all of the models 12, tﬁe sprue 10 and the pour cup 11 are
fabricated from a wax-type pattern material. In accordance with the present invention,
however, the sprue 10 has a higher percentage of susceptor content than the virgin wax
models 12 and the pour cup 11 has a higher susceptor content than the sprue 10. The models
12 are virgin wax and the sprue 10 and the pour cup 11 are made up from reclaimed wax

emulsions with known fixed percentages of susceptor in the emulsions.
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Fi gures 2A and 2B respectively illustrate the sprue of
Figure 1 in front and side elevation with nultiple

woraslig79at t ached, so that it is now call ed a tPeRGBaV4/001745

Figure 3 illustrates the tree of Figures 2A and 2B in
side el evati on showi ng that the whole has been coated
wWth a ceramic material. The drawings illustrate a

sprue 10 having a pour cup 14 filled with wax-type

material 11. Models 12 of artichkes to be noul ded are
dltHeaahieslsdnd dobEhS R peecdRtagaR susgdpie, kel ad bk edrben, graphite or any other
attachnment. As is known per se all of the model s 12,

tSiatp pussentipla materisboimiyicombination thereoff abr i cat ed fr om

a wax-type pattern material. In accordance with the

present invention, however, the sprue 10 has a higher

PEHCRtA8ReAblyS URGER! 00,1 0P bﬁmu tmnné B&atdd (with™ deBnic slurry. While
nodel s 12 and fhe pour cup 11 has gher suscept or

ctiltwettthe ipamet ¢vat $piveoveed mmthm&eyﬁ Iz miree sandcglogt and then dried.

r.ue .10 and t he re..mde
v e B 205 SR b M 4508 g BIBHES o e pime
rb%mc@mum% HteraMiC SR YT thd)ddshed ﬁﬁblhﬁbs@ The Txrés iPHHeBtood on the pour
sand coat has a percentage of suscegqt) likely to be
Wi

mp Héroveyamppining ivra Bipyowavserves (hata )sansicémrpwa%e energy is used to

TR e i SAT B 20y SR8 {URP P gl g3 Bosaus ot
"Mléﬁél uSRpRMRatéialf doviten¥Wel Soustdubl1 WEll nidMefiRMt iaf® rGRut of the oven
is covered with the susceptible prine sand coat and

tvvime ctrmadbe poliectadnoe rectimagignli Theomaterialboeft the gprue didawllcmelt next and

Rb) o e BE o Tk R B2 o i i BRe8E2 cnablin the

Theid weetd SmldeWheh 8RHe@N the pour cup 14 over an
opening in a mcrowave oven (nhot shown) and m crowave

energy is used to nelt the wax-type material, which is

w sed in e am c .she 1 Beca
T GoPeR are, e hesl e R et to ot e R fgnt to it Due to
Whd Ex1f§efr6mfthé ?Bttéi’ﬁ Gndaihl Bng bl OME Bn&‘ihﬁéﬁln?tof R sprue and pour
be coll ected recl amati on. The materi al he
spp dlee fBuling Imetetg ok tvirgindwax, by thermal transfer, will not endanger the shell

13.

Microwave energy is continuously applied to sinter the ceramic material and until the shell
reaches an elevated temperature, e.g. 1000 degrees centigrade, whereupon it is cooled to
pouring temperature, and metal, at a similar temperature, is poured into it through the pour
cup 14. Alternatively the ceramic shells can be cooled to ambient temperature and supported
mechanically, usually by sand, while being filled with molten metal. After the casting has
cooled and the metal hardened the shell 13 can be removed conventionally and the

individual articles can be removed from the sprue and finished in the conventional way.

It will be apparent that the procedure of the present invention is not limited to the use of a
tree such as 10 and to the simultaneous casting of multiple moulds. In any investment
casting procedure using microwave energy as the heat source the wax-type pattern material

in the region of a restricted opening of a cast ceramic shell may be given a higher susceptor



run out through the pour cup thus unbl ocking the exits

fromthe nodels 12 enabling the virgin wax to run out
wobk@s/ 10wt ed. The doped prine coat will heat upCT/GBa®S/001745

melting the pattern material adjacent to it. Due to

the exits fromthe pattern material being unbl ocked by

prior nelting of the sprue and pour cup the resulting

nmelting of the virgin wax, by thermal transfer, wll

not endanger the shell 13. Mcrgwave energy is

C 0 o
R R BB U 8 pRlh et (8 Ao bt Bittor material can
erufl.oul 00thedgll eforernbtansdoe endsigers tiposhell tdutiag €i@odit&e of the sintering
to pouring tenperature, and netal, at a simlar
tBApeP-ature, is poured into it through the pour cup

14. Alternatively the ceram c shells can be cooled to

anbi ent tenperature and supported nechanically,

usually by sand, while being filled with nolten netal.
After the casting has cool ed and the netal hardened

the shell 13 can be renoved conventionally and the

i ndividual articles can be renoved fromthe sprue and
finished in the conventional way. It will be apparent

that the procedure of the present invention is not

limted to the use of a tree such as 10 and to the

si mul t aneous casting of nmultiple nmoulds. In any

i nvest ment casting procedure using mcrowave energy as

the heat source the wax-type pattern material in the
region of a restricted opening of a cast ceram c shel

may be given a hi gher susceptorcontent than the

remai nder of the pattern material, thus ensuring that

the pattern material can run out of the shell before

its expansion endangers the shell during the start of

the sintering process. CLAIMS: 1. An investnent casting
procedure using m crowave energy as a heat source,
characterised in that nodels of virgin wax (12) are
attached to a sprue (10) of a
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wax-type pattern material incorporating a susceptor
having a relatively greater heat absorption

w@b@saemeri stic than the virgin wax and the sprPOUBEG81I@®F/001745

is attached to a pour cup (11) of a wax-type pattern
mat eri al incorporating a greater percentage of said
susceptor than is incorporated in the material of the
sprue (10). 2. A procedure as clained in claiml
characterised in that the susceptor is confined to
regi ons of the sprue (10) and the pour cup (11) which
W ll be restricted openings of the nould when the
vekAIM®e pattern material is nelted. 3. A procedure as
claimed in claim1 or claim2 , characterised in that
t he susceptor is water, carbon, graphite or any

combi Ngl i BBk Rhsting - prOcRIPE QRAHIEE nfsroWadé "BdrdyN adlW heat source,

one of the preceding clains, characterised in that a
tree (ch@yraderisdd whthmblmddelseofinirgin wawe(2nadelttecked 2o a spgue (10) of a

nmount ed i ncorporates sai.d susceptor and has .a pour..c
(14) WPCHDP REBTGPAFRA IoQPUErtS @ SurERint Bydnp R IEaitFy sreater heat
S uscepa@b%rpﬁ@ﬁ@hatr!&@eﬁﬁ%hﬁﬂﬁé vREint D dldeBe sﬁtéxe £10) is attached to a pour

procedure as clained in claim4, whereint suscept or )
cont ertupafl 1t hf & weetype patteinhmatedgli inporpbratifmagnenterhgercentage of said

susceptor content . of the pour cup is in the region of
150 Guseaiar AR inshipoited Prie peluiation bl sipn 0
m crowave energy as the heat source substantially as

her ei nbef ore described with reference to and as shown
i N 2heA poedyany clagnat iawilaigsl characterised in that the susceptor is confined to

regions of the sprue (10) and the pour cup (11) which will be restricted openings of

the mould when the wax-type pattern material is melted.

3. A procedure as claimed in claim 1 or claim 2, characterised in that the susceptor is

water, carbon, graphite or any combination thereof.

4, A procedure as claimed in any one of the preceding claims, characterised in that a
tree (10) on which multiple virgin wax models (12, .re mounted incorporates said
susceptor and has a pour cup (14) which incorporates a greater percentage of said

susceptor than the remainder of the tree.

5. A procedure as claimed in claim 4, wherein the susceptor content of the tree is in the

region of 12% and the susceptor content of the pour cup is in the region of 15%.

6. An investment casting procedure using microwave energy as the heat source
substantially as hereinbefore described with reference to and as shown in the

accompanying drawings.



