-1- A DE FORMVER The present invention relates to a die forner and
nore particularly to a die former 5 utilised in hot creep formng or
superplastic formng. A nunber of conpongnts, such as blades utilised
in gas turbine engines, are initially formed in a rough or preforned
state and then subsequently processed through additional formng
processes such as hot creep formng or superplastic deformation to 10
nearer a final shape as required. Figures 1 to 6 of the attached
drawings illustrate a typical priArDE FORMERNg process in which a
die former 100 is utilised. The die fornmer 100 conprises a |ower die
1 and an upper die conbination fornmed by die parts 2, 3. As
illustrated in figure 1 a conponent in the formof a tw sted bl ade
preform4 is placed within the die former 100 between the | ower die
| and upiger prgisenbinventiare refatesitp,a diedomsen aneemcode @artidudanb tt a diedorier

the uppepdie. 2. 3 is forced under an appropriate |oad pressure
vert?caﬁﬁwg%iukug&%e§BJ%?WEgfﬁé“PSﬂﬂ?ﬂ:1§"Tr§hch that the moul d parts
101, which are typically recesses in the die parts 1, 2, 3 (only
shown in lower die 1), are associated to further formthe conponent
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15 lower die™ is static while the upper die 2, 3 is forced under an appropriate load
pressure vertically downward towards the lower die 1 such that the mould parts 101,
which are typically recesses in the die parts 1, 2, 3 (only shown in lower die 1), are
associated to further form the component 4. As will be described later the component 4
and therefore the die parts 1, 2 and 3 are at elevated temperatures in order to provide

20  the hot forming process as required. The forming process may include inducing a twist

in a component by the opposed shape of the die parts 1, 2, 3 as they are forced
together.

In terms of the method of operation the component 4 is placed in the lower die 1 and

25  typically such that a root part 102 of the component 4 is in position so that an end face
21 engages a reciprocal face 11 in a root stop 103 of the die former 100. Furthermore,
a trailing edge face 20 of the component 4 engages a reciprocal edge face 10 within the
die former 100 about a periphery 50 of the mould portion 101.



and vertically towards the lower die 1. In such circunstances

initially the root portion 102 of the conponent 4 will be held and
formed. This wll be achieved through t die part 3, as indicated,
being forcefully noved down to engage th® root part 102 to al l ow 5
shaping and form ng under heat and pressure. The force applied by the
die part 3 wll <cause formng of the root part 102 into its desired,
fully formed, final state. Figure 3 indicates the position of the
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It will be appreciated that the objective of a forming process is to fully form a

20 component, such as a turbine blade, from a rough formed shape into the desired shape
typically at high temperature, generally 600°C to 700°C. The process, as indicated, is
typically two stage with an initial first die part 3 brought down followed by a second die
part 2. The initial rough formed shape will clearly not be in its final form, and may not fit
accurately into the die former, either the lower die 1 or the mould parts of the die

25  former, particularly if a twist is to be formed or extended in the component. In such
circumstances upon loading the component 4, an operator is required to adjust,
typically using long rigid bars, the position of the component 4 in the mould parts to
ensure that the component remains against the stops 10, 11 in the mould parts.
Unfortunately, as the die part 3 is typically brought down the initial misshaping of the

30 component dislodges the component from its initial position. Therefore, when the die



30 conponent di sl odges the conponent fromits initial position.
Therefore, when the die -3- part 3 is fully closed, a tip of a bl ade
(as an exanple of a conponent) nay be in_a poor position relative to
the stops 10, 11. Wien the die part 2 is3fully cl osed, parts of the
conponent 4 can be positioned such that the die parts 2, 3 nust be
re-opened and the conponent repositioned before the dies 2, 3 are
re-closed again for formng, in an 5 attenpt to inprove blade tip
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positions; Figure 10 illustrates a conponent in the lower die in
accordance with aspects of the present invention; 25 Figure 11 is a
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sectional plane A, Figure 12 is a cross-section of e former as
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schematic illustration of a cross-section of the die nould as

An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings in which:
15 Figure 7 is an exploded perspective view of a die former;

Figure 8 is a schematic illustration of the die former illustrated in figure 7 during
initial stages of forming;

20 Figure 9 illustrates the die former as illustrated in figures 7 and figure 8 with the

die parts in mould positions;

Figure 10 illustrates a component in the lower die in accordance with aspects of
the present invention;
25
Figure 11 is a cross-section of the die former as illustrated in figure 9 in the
sectional plane A;

Figure 12 is a cross-section of the die former as illustrated in figure 9 in the plane
30 B; and,



illustrated in figure 9 in the sectional plane C As illustrated
above, it is the positioning of the conponent in its rough state
prior to 5 formng in a die forner (typically at el evated
tenmperatures) which is inportant in ordef- to achieve accurate final
shapi ng of the conponent. In accordance with the present invention,
about a nmould fornmer, which typically conprises opposed noul d
portions in die parts, pegs or blocks are provided which interlock
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conponent during the formng processes. orm ng
pr ocessdlusieatedxn Bguread innhet segtiongl ralanaﬂs of the conponent. Fr gure 7
provi des an expl oded perspective view of a die fornmer 200 in
accordance with the present invention. The die former 200 conprises
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previously, includes an end face 208 which engages a stop 209 in a root recess 210. In
such circumstances, the root portion 205 enters the root recess 210 to locate that part
of the component 204,

20
In accordance with the present invention, pegs 211, 212 are provided respectively in
the lower die 201 and in the upper die or at least die part 202 of the upper die. The
pegs 211, 212 are in the form of teeth which have a gap between them such that the
pegs in the opposed mould portions alternate and fill the gap. In such circumstances,

25 the pegs 211, 212 in opposed lower and upper die parts engage at least a part of the
edges 206, 207 of the component 204. The pegs 211, 212 are located about a
periphery of mould portion 213 to constrain and locate the component 204, particularly
during the forming processes. By alternating the pegs 211, 212, a more consistent
barrier or stop is created with the edges 208, 207 of the component 204, in order to

30  ensure location of the component 204 in use without the necessity of opening the dies

201, 203 during the process of forming for repositioning.



201, 203 during the process of formng for repositioning. -5- In
figure 7 the dies 201, 202, 203 are open to enable the conponent 204
to be loaded into the |ower die 201 for_form ng processes as
required. Figure 8 illustrates an initia?-step of the forning
process. In this step the upper die or 5 die parts 202, 203 are
forcefully noved in the direction of arrowheads 214, 215, as

descri bed above with regard to die parts 2, 3 in figures 1 to 6. In
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wel | as 10 the conponent 204, will be at elevated tenperature,
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20 Figure 10 illustrates the component 204 in its final moulded state within the lower die
201. As can be seen the edges 206, 207 of the component 204 are generally
constrained and stopped by the pegs 212. [t will be understood that in the mould
position gaps 220 between the pegs 212 are filled by pegs (not shown) from the
opposed upper die, namely pegs 211 about the opposed mould portion in that upper die

25 and in particular upper die portion 202. By the constraint created by the pegs 212 and
pegs 211 (not shown) it will be understood that more accurate positioning and retention

of position of the component 204 is achieved throughout the forming process.

Figures 11 to 13 illustrate cross sections A, B, C as depicted in figure 9. The pegs 211,
30 212 act as teeth which encompass the component 204 around the leading edge 206



30 212 act as teeth which enconpass the conponent 204 around the

| eadi ng edge 206 -6- and trailing edge 207 in the former nould

defi ned between the die parts 201, 202, 203. However, as indicated
above the initial conponent 204 is in a%elatively rough state and
therefore nmay be spaced fromthe periphery of the former nould
created between the die parts 201, 202, 203. Simlarly, the pegs or
teeth will be along that former nould 5 periphery, and therefore
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formati on. The angle 225 which defines the 20 twist in the conmponent
204 may be in the range of up to 30 degrees. Figure 11 and figure 12
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illustr te,f cross-section C as depicted in the die former 200 shown

in fi gu?tém | be noted that the gap between the pegs 211, 212 depicted in figures 11 to 13 is
much greater than in reality for clarity of definition between the die parts 201, 202, 203,
In reality, the periphery created by the pegs 211, 212 will be more finely defined and
therefore more appropriate for blade edge formation. The angle 225 which defines the

20  twist in the component 204 may be in the range of up to 30 degrees.

Figure 11 and figure 12 show cross-sections A, B. It will be seen that the alternation

between the pegs 211, 212 is provided while the component 204 in the twisted state is

formed in the former mould created between the respective die parts 201, 202. The
25  alternating pegs 211, 212 define an accurate periphery 250 for the former mould and

therefore create an edge barrier or stop for the forming process.

Figure 13 illustrates cross-section C as depicted in the die former 200 shown in figure

9. As can be seen, the periphery 250 is shown by a broken line and extends from one



9. As can be seen, the periphery 250 is shown by a broken line and
extends fromone -7- end of the die fornmer 201 to the other in a
curve or slope. This curve or slope is again replicated by the
interlocking and engaged pegs 211, 212 t6-define the periphery 250
within which a conponent 204 is formed. 5 It will be appreciated that
alignment between the |ower die 201 and the upper die in the form of
die parts 202, 203 is inportant. As depicted in figure 13, generally
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wi |1 be the final closed position, correct alignment will be achieved to define the leading and
trailing edges as well as the component 204 itself, between the die parts 201, 202, 203.

20 It will be understood that the upper die 202 generally is movable, while the lower die
201 is static. The die parts 202, 203 may move down together and may be combined
into a unitary die former if required. Alternatively, as is conventional, the die parts 202,
203may move down separately in sequential order. Furthermore, one of the die parts
202, 203 may move down partially and the other die part 203, 202 then fully engage the

25 component 204, before the first die part 202, 203 again moves into a fully closed
position. By such sequencing, positioning of the component from the rough initial
shape to the final formed shape may be more accurately achieved. It will be
understood that the forming processes utilised with a die former in accordance with the
present invention may include hot creep or superplastic forming, and in such

30  circumstances sequencing of movement of the die parts towards the final closed shape

may be required for most efficient forming of the final shape.



understood that the form ng processes utilised with a die former in
accordance with the present invention may include hot creep or
superplastic formng, and in such 30 circunstances sequenci ng of
novenent of the die parts towards the fifal cl osed shape may be
required for nost efficient formng of the final shape. -8- By the
application of the present invention, novenent of the conponent
(particularly in the formof a blade) is restricted during the
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limited creating BESGOCSHMteHAPH theYbHNEF ARURI inttAE'FSmifhly! X
di nensi on galg%, I n use, 15@%et ween adj acentmpegsfgmgptrﬁgea ternating
uppéf and lower die parts. The pegs will be shaped and confi gured

for appr | | ' efipe the periphery within the .
Former i AEtBeh B EaBl b bac bR iad Be A ulideptht i aiesetiona
pegs Wi Ireqbissreents. MEybdllysaibiristl rRimhbdroofpegdtis used Nini dHHEF RNGUUCERBIplexity
and provi.de robgst stop barriers at the periphery to the forner

moul d t OViEPRMiedieRaTad te) PEMIde prjocihsedingeJortiedeeinhedy Rdthdisoias i n
the conpoRest e | id; 1R qM s,
al i gnnment angcf1 g\%nf%ﬁt%g@ éﬁ%ﬁrmog%'%ﬁe@@?%@g@ra mdé'be@g'gﬁt#&& hgse,
pegdsmapeteken adacebepegs fronvtie alteanhatmalippecdnd Reverthiepartsr dfhel Rsys will be
for exar&l e . . . i . -
aped and configured for appropriate interlocking to define the periphery within the
former mould created between the die parts. In such circumstances the pegs will have
a height sufficient to create such interengagement and provide robust stop barriers at
the periphery to the former mould to create the leading and trailing edges as defined
20 above in the component. Greater depth of interengagement will help with alignment

and with the strength of the stop barrier created.

The pegs may take a number of cross-sectional profiles. These profiles, for example,
may be circular, rectangular, rhomboidal, oblong or obround. Furthermore, the profiles
25 may be in a single plane, two planes/dimensions or fully three-dimensional, either
singularly or in combination, to define (through their interengagement) the peripheral
stop for the former mould in the die former. The pressure and temperature within the
die former creates forming through a hot creep process, and containment of the “flow”

of the component during that process is effected by the interengagement at the



may be circular, rectangular, rhonboidal, oblong or obround.
Furthernore, the profiles 25 may be in a single plane, two

pl anes/ di mensions or fully three-di nensional, either singularly or in
combi nation, to define (through their inferengagenent) the peripheral
stop for the former nould in the die fornmer. The pressure and
tenperature within the die forner creates formng through a hot
creep process, and contai nnent of the "flow' of the conponent during

t hat pr ' I e -9 |
cdge of T Raerl S10CEl 6 BUMEAMAUY PTROGPMEHE (o cbltboint RAT SRS not
gener al | §e gufficiendly Slaceiddhaha flyid tightqietiphiesd] ealgkimust tié gietatek by pher al

d . ted by the  interengagepent between the pegs.
Never t nal s EnSRgahEn bty stk R o Erbtioa 1o GeR PPTGRE e Pegfeghouid
that no besafiieinahlsenaibahasiuraceéptabR RUGAehing TRt @dgks bikate®@irSse.
I ndi cat ed above, dies can be formed in a single piece, in accordance

wi t h3t he present invention, due to the alignnment effects of the pegs
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i n accorgtesest invétidr eluprteshatalignrent éﬁﬁctwidf Hh@ﬁeg@ﬁﬁéfén@ﬁtblrbg whhaaes
for each particular appljcatjon. In such circunstances, the pegs . in
each di eOtRﬁ'élr 'eﬁ’rc%btb‘gg'@lﬁeeﬁ% I dnob sFasrierhing aewst! agisupsrRlastic foringind
shapes, but reciprocation between opposed pegs, in terns of spaces
and gaps between the pegs, in order to define the peripheral edge
nustlObe Gensladeradie fohmepayacemyabes vithdhé pezsemt inleptiba veill belpecifically
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present invention. In such circunstances this corner edge may be
chanf er &gtweaaioppeged pegpgndgmma of spaces and gaps betweerethgepage e order to

e appr SShEae s RhOR] o808 i ibofidelsd, TR BHESGRY e iR feptns as

t he 1pegsetoired.eat e the peri phery edge to the

It will be understood that it is the corner angle between the peg and mould parts of the
die which defines the shape of the edge periphery to the former mould in accordance
with aspects of the present invention. In such circumstances this corner edge may be

20 chamfered, radiused or angled in order to create the edge shape as required.

Modifications and alterations to the present invention will be appreciated by persons
skilled in the technology. In particular, the pegs to create the periphery edge to the
former mould in the die parts may be formed from the same material as the die parts
25 andintegrally formed with those die parts; or, alternatively, may be inset and secured
as required in use. Thus, the pegs may be formed of a different material from the
mould itself. It will also be understood that a seaming edge or holder may be created
and supported upon the pegs to act as a peripheral edge seal for a component and so
help define the final shape of the component in use. In such circumstances the pegs

30  may support that edge feature within the mould.



former nmould in the die parts nay be fornmed fromthe sanme material as
the die parts 25 and integrally formed with those die parts; or,
alternatively, may be inset and secured as required in use. Thus,
the pegs may be formed of a different mdQOerial fromthe nould
itself. It will also be understood that a seam ng edge or hol der may
be created and supported upon the pegs to act as a peripheral edge
seal for a conponent and so help define the final shape of the
conponent in use. In such ci rcumtanm pegs 30 may support that
edge feature within the nmould. -10- 1 Adie fornmer (200)
conprising a lower die (201) and an upper die (202, 203) 5 relatively
di spl aceabl e towards each other to define a forner nould

t her ebet ween from opposed noul d portions, each nmould portion having a
peri phery fora ieforerezrooy ' i

(211) spaced al on t_ﬂgz peri ;mﬁ%whpﬁwgggigqggg%aeﬂﬁ\éltn@rﬁ%?gh% 2?3?323)
peg el enent s refaively displareatde dpwarisceantudttiepty define aformeémmeuldocki ng

peg el enents Wl . the riph i.n use. 2 A
Former ns ol AeisherRlef ot QobFERLrkid adiseh® Sy AT HBURL¥e/ Bp iting"a
opposed par tperiphehhfor pies farfresrymodid a%nd“thfagje?@heﬁsﬁhﬁ\biﬁg Ry diemehd MY)

or claim2 wherein the peg el enents extend about an end of the

former noul d SPaced eipngtheRennhearywith gapsiietyess daemdodreeine wegralements
the gaps are l}l@)sﬁ tijal : J ; ;
opposed noul ééport%ghégﬁgsib?ﬁgﬂng?%gﬁfﬁg%{ﬁg ﬁc?%'%ggg%l%@%lﬁﬁg%etnhﬁ'g at
cl ailth wher ei feadigapeefthamperiphapeit wsed configured to inhibit |ateral

rel ative displacenment and/or rotational novenent between the nould
portions. 25 6 A fornmer as clainmed in any preceding clai mwherein the

pegs hage an saf@ined as claimed in claim 1 wherein the peg elements are about opposed

parts of the periphery.

15 3 A former as claimed in claim 1 or claim 2 wherein the peg elements extend about

an end of the former mouid.

4 A former as claimed in any preceding claim wherein the gaps are substantially
closed by received peg elements from the opposed mould portion.
20
5 A former as claimed in any preceding claim wherein the pegs are shaped and
configured to inhibit lateral relative displacement and/or rotational movement
between the mould portions.

25 6 A former as claimed in any preceding claim wherein the pegs have an angled
surface to urge alignment therebetween and so between the opposed mould
portions.

7 A former as claimed in any preceding claim wherein the upper die comprises
30 more than one die part.



surface to urge alignnent therebetween and so between the opposed
mould portions. 7 Aformer as clained in any preceding claimwherein
t he upper die conprises 30 nore than ogq die part. -11- 8 A forner
as claimed in claim?7 wherein the pegs~dare provided in only one die
part of the upper die. 9 Aforner as clainmed in any preceding claim
wherein the former mould is for a 5 gas turbine blade (204) with a

| eadi ng edge (206) and a trailing edge (207). 10 A forner as cl ai ned

in clai g9 whefsiertdieclaRp@sd & elapn 7ywidreir thehsadiedrienfievideafin ohlifone die
former noul d associated with the | eading edge and/or the trailing
edge. 10 11 Adbehibe yppesidiened in any preceding clai mwherein the
former die is configured for hot creep form ng or superplastic
formng. 12 A forner as clained in any preceding clai mwherein the
moul d pd¥ti onsfaner as claingsdlin anydpfaceding d¢lans whateinghaforaxdraelildti®eor a

compg@nent. 15 13 A.netho formng a conponent conprising utilising
a di & former %tb'rbdf‘ﬁb&ac?%g%ﬁw@fa%aﬁ'%e g% EZ@ fréi"@gﬁﬁgey(zw)-
bringi ng together the |ower die and the upper die to forma

conponent within the die former. 20 14 A nethod as clainmed in claim
13 wher €ith t Hefgregs asrdaipres inddaim 8 whergindbeipegsyareculy abautihe periphery of

ol o med i n ol i gBLEHes R S e e BrR gl e R bkl
creep formng or superplastic deformation. 25

10 11 A former as claimed in any preceding claim wherein the former die is configured

for hot creep forming or superplastic forming.

12 Aformer as claimed in any preceding claim wherein the mould portions are
arranged to define a twist along an axis of the component.
15
13 A method of forming a component comprising utilising a die former as claimed in
any of claims 1 to 12 and forcefully bringing together the lower die and the upper

die to form a component within the die former.

20 14 A method as claimed in claim 13 wherein the pegs are provided to progressively

contain a component within the former mould during the method.

15 A method as claimed in claim 13 or claim 14 wherein the forming process is hot
creep forming or superplastic deformation.
25



