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o the fabri cation of metal vork EPECQQVEEWWWWNWWNNWWW

form processes. Background of the Invention Ljig,ses
sel ecting processes for the fabricationof a metal

wor k- pi 668 135 a = , o

i nto accoun e Fii —econott C
means. One of the first deC|S|ons to be nade Is the
sel ection of the form ng process, i.e. whether the
article will be formed above its crystallisation

Kigldofthetlpventignd so "hot forned” or bel ow the

crystallisation tenperature and therefore "cold
fornmed". Anong the 15 advantages provi ded by cold
formng are that no heating is required, therefore

THRMBVENEGN rdifes tdIBE FiRRatdn sfMBetaNhbASHiEAES LUHL cH1@Goknt Pdcesses.
and having the article imediately available w thout

requiring a cooling period. Further, better
di mensi onal control and surface finish may result from

§§k?“L9&E§@@1“%£ ?ggether with better reproducibility
) s for articles where a defined

shape is inportant and nore so for instances, where a

t hree di nensi onal shape is required, then cold form ng

the article may _represent a nore efficient and
gcsslﬁstllﬁgl:prgp?sg?s%glr|t€eefatbgczﬁ5)(n 95 meﬁaé work piece, several variables need

X11111111111110011101110111Q1 111 *GOOOR*
to be taken into account to find the most efficient and economic means.

One of the first decisions to be made is the selection of the forming process, i.e. whether
the article will be formed above its crystallisation temperature and so “hot formed” or
below the crystallisation temperature and therefore “cold formed”. Among the
advantages provided by cold forming afe that no heating is required, therefore removing
this portion of the infrastructure required, and having the article immediately available

without requiring a cooling period.

Further, better dimensional control and surface finish may result from cold forming

together with better reproducibility of the article.

Thus for articles where a defined shape is important and more so for instances, where a
three dimensional shape is required, then cold forming the article may represent a more

efficient and economic alternative to hot forming.
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2 However, in the case of an article having a conpl ex
shape and requiring high tolerance, there are |imted
cold formng options. 5 Roll form ng a particul ar
shape is useful for a continuous process, where a two
di mensional prismatic shape is required. However, rol
form ng does not provide an option where the shape
and size of the article varies with length of the
article. Conplex three di nensional shapes can be

rovi ded .t hr ou unchi.ng. or coi ni n 10 whereby the
BRSBITE e B ORI R ingia ot B and b T, pigh tolerance
arrangenments are useful for batch processing where
theigiage Buipd eqlf farming epligMex shape are required. The
difficulty comes in whereby inparted stresses to the
article are applied by the punching presses. 15 Wth
the roll formng process, conplex shape may be applied
Ro10 gbasiag Ve Ipirtichiad Ublpe sequefat ifal ar eddtidnsus ProResterwiede a two
achi eve the desired shape. Such a sequential process

difhefi€ibnal lphigitatié QhapeUis GBudPr HERERRSraliNfbrhithg &RLAIMdY ptdVide an
very high internal stresses within the part. It is

AEESLAR hE AR B sRETLaL, el Ghe PRS00
investnent in infrastructure for varying dies to bring

the part 20 to the desired shape. Further with a rol
ornmer, the sequential formation of the shape is. o
SRPIC GRS AEIRISISRRINSHaPes (o b PRRGSS: Feafeh BuRrbing g coining
punchi ng process whereby the article would need to be

vheiply dier eappds wWeesrede fom tgnedienigmaterieli din. | Sushi arepngements are

mul ti-step process. Thus apart 3
useful for batch processing where individual units of complex shape are required. Th:

difficulty comes in whereby' imparted stresses to the article are applied by the punching

presses.

With the roll forming process, complex shape may be applied progressively through
sequential rollers in order to achieve the desired shape. Such a sequential process is not
known for punching processes and so leading to very high internal stresses within the
part. It is possible to achieve sequential steps for a punching process, however, this
would require significant investment in infrastructure for varying dies to bring the part

to the desired shape.

Further with a roll former, the sequential formation of the shape is continuous as distinct
from a theoretical sequential punching process whereby the article would need to be

transferred between each punching station leading to a multi-step process. Thus apart
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fromthe increased infrastructure cost, the process
cost in transferring the article would add
significantly to the cost of each article and tine of
production. Thus a cost effective way of cold form ng
a conpl ex shape such as a thrge di nmensional 5 shape
for an article is not known in the prior art. Summary

I ' [ S hvent i - Vi
Bomafy SR afnlhlreleal e Hhodeods Pl iRg B 888 wou
C ri.sin ol ler die havin first die formed in a
%ﬂ%;?&mﬁ%%gﬁ?? ghe cpstod ;ea‘g’ ?‘T’ﬁlgﬁﬁd ﬁfng K RANGIY - second di e
formed on a receiving surface for receiving the work
piece; a press for applying a load to the roller die;
wherein the roller die, whilst under |oad fromthe
Phussascost effesttive mge @f coldrfoimhingereoswlexhshap¢ sushrasdi thres dimensional
to have the first and second dies applied to opposed
fhapeforah atthode Mabkknpivacia,thapdorsot. pr ogr essi vely col d
form 15 the work piece. In a second aspect the
i nvention provides a nethod for cold form ng a netal
wor k piece, the nethod conprising the steps of.
PUMhAl JHndentiQh! €r die having a first die forned in a
circunferential face; providing a linear die having a
second die forned on a receiving 20 surface; said
recei ving surface receiving the work piece; applying a

oad to the roller. die;. and simultan sly rolling _

{n s et BieamiEoBPTEHEST P ABUI drratel Tormtin oy vk picce
first. and _second dies applied to opposed faces of the
CRERREIsHisecellerig having a diped dtg fprmed B @Ecymfareptial dedeg
formng the work piece. 4 The invention provides a
&l lingas demhavirg @ seepndidiey faymed exssa reseivingt sunface fier reediving the work
art wher eby
piece; a press for applying a load to the roller die; wherein the roller die, whilst under

load from the press, is arranged to roll across the linear die so as to have the first and
second dies applied to opposed faces of the work piece, and so progressively cold form

the work piece.

In a second aspect the invention provides a method for cold forming a metal work piece,
the method comprising the steps of: providing a roller die having a first die formed in a
circumferential face; providing a linear die having a second die formed on a receiving
surface; said receiving surface receiving the work piece; applying a load to the roller
die; and simultaneously rolling the roller die across the linear die so as to have the first
and second dies applied to opposed faces of the work piece; and consequently

progressively.cold forming the work piece.
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the benefits of a progressive application of load to a
wor k piece provides for a staggered approach to the
formation of the article against a |linear die. The

i nvention provides for a batch process whereby

i ndividual articles are formeg and thus the roller die
and linear 5 die are able to have varying shapes in

| ; iopart the.sh to the article. This my
gus‘g‘b%‘f“(é\r}ip Wides, 2 ifsrenf Solf TORmISE nResest indhat el be Pk 41t whereby
I% tge benefits of cold formng, being high
t$8| & ‘n‘isc%‘e HOSTGERY PFo8 of lﬁa&p RYOBOPIp EEvides feoe staggered

form ng. Applications for such a work piece nmay

?Hﬁ&‘?a@l’éig’ tha fermpsiop| od dssartiele agamst aitibéanalse. oFhe ih®ention provides for
aerofoils for aerospace applications. In a preferred
ebdigupnoeess whetebyfindisiduali aticlas hrsformed hrapuathenglidériie and linear
circunferential path around the roller die. Thus the

dio hteaiblettb avesvaginghepedfin WHRAY toliM@ad tHROMapY losHBLdtiEle. This may
shape to an upper surface of the work piece. 15 In an

Abd pronte iﬁﬁt}@rdr@d%%%mp‘lé}g )S(l?azﬁg %h?’«ﬂl:t}ﬁ\é%ehgﬁts Ié)? é:_OIdl )F?rming,

shape al ong a | ongi t udi nal i near

Al S ] t [ he is capable of inparting
SO B RATE i S LUBS 3,308 0 R R
under si de. When both enbodi nents are used together,

greater flexibility in shape formati on becones
g&asiblen%uch that the first and second 20 di es may

[RLIB N P eth 2eWerk BieRemay teludsr ivghing blages [fer gas turbines or

i ndependent so as to further create nore conplex

asFRfpidssfor perosgiare apndicajienseci at ed that in order to drive

the roller die along the linear die, it may be

necessary to apply a considerable force to the roller

die. The roller die may therefore be 5

In a preferred embodiment, the first die varies in shape along the circumferential path
around the roller die. Thus the roller die is capable of imparting a non prismatic shape

to an upper surface of the work piece.

In an alternative arrangement, the second die varies in shape along a longitudina1 axis of
the linear die. In this embodiment the linear die is capable of imparting a non prismatic
shape to the work piece on an underside. When both embodiments are used together,
greater flexibility in shape formation becomes possible such that the first and second
dies may correspond with each other or alternatively, be independent so as to further

create more complex shapes.

It will be appreciated that in order to drive the roller die along the linear die, it may be

necessary to apply a considerable force to the rolier die. The roller die may therefore be
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driven and further may have a horizontal application
force to assist the roller die drive. For instance,
the external application of force may conme from a

hori zontal press arranged to bias the roller die so

as to roll across the linear gie. 5 To assist in the
application of vertical force to the roller die, press

int. i at. p t . .

rBieh 3ha Fbthen oy 360 o HBHELTE B EIGTOREAE A fer g arive

oller die are in nmutyual. rolling engagenent. Said .
) 1R DS IR RUHRN B SUIGh MnEeMReki y hgFizontal press
gears, mounted circunferentially around each roller. 10
Prangsd toddasrthpqllsndigso pp EuioNgsrass thy ineapdieconveni ent to
further describe the present invention with respect to
the acconpanying drawings that illustrate possible
arrangenents of the invention. Qther arrangenents of
Tdassishve tHel applicatidon pdssitRhefares t thesolietedit,| presstddRer may be used
particularity of the 15 acconpanying draw ngs is not

ih@ridedidteiepete® hnd Ihé wHIRt SBEliaR@ dregdr Bhathht the %frjcsts heller and
precedi ng description of the invention. Figure is an

Bl V@Eiaﬁj@invlig?wtaﬁéolﬁor Q{éa%t?ﬂerm léai@?&lﬁﬁ%%ﬁ%g&rﬂerw}ga)i ge éhrough

enbodi ment rese I nvent1 on; gure

e “present Tnventt on; "20 Frdl
ARER LN R A PR o fsa it 0 FhioEsen:

invention; Figure 3Ais a sectional view of a work

pi ece fornmed by a process according to one enbodi nent
of the present invention, and; 6 Figure 3Bis a
edl)esaapt rawingswor k pi ece formed by a process

It will be convenient to further describe the present invention with respect to the
accompanying drawings that illustrate possible arrangements of the invention. Other
arrangements of the invention are possible and consequently, the particularity of the
accompanying drawings is not to be understood as superseding the generality of the

preceding description of the invention.

Figure 1 is an elevation view of a rolling mill according to one embodiment of the
present invention;

Figure 2 is a sectional elevation view of a rolling mill unit according to a further
embodiment of the present invention;

Figure 3A is a sectional view of a work piece formed by a process according to one

embodiment of the present invention, and;
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enbodi nent of the present invention. Detail ed
Description 5 Figure 1 shows a rolling mlIl 5 that has
been nodified in order to inplenent the present
invention. The rolling mll 5 includes a rolling mll
unit 10 which incorporates fegtures of the present
invention. The rolling mll 57includes a vertica

Ct U r 20 havipg. a | aten 22 | yj a downward .
BRI £ el Bied ofa Dotk sifee TRBRA PY 2oy Becordine to one
order to _achieve the rolling novenent so as to inpart
¢kodimens of the RresentBRNtNece, a 10 hori zontal cyl i nder
15 having a platen | 6 drives the rollers along the
table 24 on which the linear die is |ocated. Thus the
present invention, being a synergistic roller/linear
DeteiledDesariggorent nmay be used within a nodified
conventional rolling mll. To better illustrate the
Kiguiref 1eshoWs @S0 Ring il PIheSIRRbebAHRAIfledNn ofded W BrpAeRRe present
the rolling 15 mll unit 10 whereby a roller die 25
inferRRA! trihe @&@kng?niﬂ § iﬂHhﬁeéérolﬂ%mﬁﬁﬁ#i‘? 1§5vh'id%%y5ﬂﬁ8ra%s features
linear die 30 having a recel Vi surface upon cha

lece. 40 is plkaced,. The. do rd force 50 .
SO0 BB i Bl PTRE B P RS 2312fief piaor 20 having
[ the roller

I 33 Ap R e o Vo fareado Mol g caimaetl unit 10.Tn order
hori zontal 'y by the horizontal cylinder 55 such that
oherhigye| e Tgllgigomoyement shias tooimpargtheoshaperipabe whnkhpiece, a
the work piece 40. The roller die 25 includes a

karizontet exlwder &Y having e plaen Wghdrives ftioy rodlers dlongsthe datde 24 on which
be applied to the work piece 40. In the present
theVieedr idimis tibwatade CHBB tidpresnit ér8/eAfien) deing A& ynergistic roller/linear die
circunference of the roller die 25 and so is able to

driap@érherdl nfdyaRaust® withéh MRl fRUAREBvéBoral rolling mill.

To better illustrate the key features of the present invention, Figure 2 shows the rolling
mill unit 10 whereby a roller die 25 is positioned on a table 35. The table 35 includes a
linear die 30 having a receiving surface upon which a work piece 40 is placed. The
downward force 50 applied by the vertical cylinder is transmitted through a press roller
45 which bears onto the roller die 25. The two rdllers 25, 45 are then driven
horizontally by the horizontal cylinder 55 such that the roller die 25 comes into rolling

contact with the work piece 40.

The roller die 25 includes a circumferential recess 60 which forms a first die to be
applied to the work piece 40. In the present invention the recess 60 varies around the

circumference of the roller die 25 and so is able to impart a shape to the work piece 40
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whi ch varies along its length or circunferential axis.
Thus conpl ex shapes can be inparted to the work piece
40 using this arrangenent. By placing the work piece
40 on a linear die 30, having a second die, the
vertical force 50 not only inparts a shape according
to the roller die 25 on a top face but the bottom face

gfgié:g%ng@ al%n ?shf%né@néérz?@ g@dﬂﬁll X)%lggal@lglrg th%C aﬂtlexf hag%s can be

t. th I
i Or% Rish b Saine Bn BBl @B B opippicce 40 on
oin piece 40, that is have different
%ilfl?aérﬁ‘ig 3 mbeﬁgédi 00 dife thpVritispletoacesd0 nok opyrimparts a shape

useful application would permt the roller die 25 and
tgserdingieathe dolier 3¢ 2pomavep f@eduot thedptnui fage shitpesork piece 40 is
as to cold formthe work piece 40 to a conpl ex shape
sogiaripshaped bp til sexortdhiie of thiertilasd die1ad astha perticdhfoscerfyis applied.
al so permt variation in thickness of the article.

Thus with other batch process cold form ng techni ques,

such as punching, whereby a work piece has a shape

wRRY Hfédrolilg'lg‘_ ;mll ngﬂpf()eécc%'&ﬂggﬁo Ghe }S?ersé(ﬁtnlgvérmoﬁk&%ﬁis be used to

are not possib need ranp ogresswe

s EJ”' £3bi cgf40f Mt 9e Hﬁ%re\[(i‘ﬁ gk?cg'hse &fib ssed; 51?'[8 rtlﬁete \rg? ﬁ%ﬂiece 40,

| eve the destired s ape S|gn| I"C

stresses pre udes r oces rast th

B Pieg et feaion e Fiheth Ui SRR die iyt fser O 3o have
force throuygh the roIIer die and so allows the flow
earrevRndingashapgspo s 43 £91d tormn therwask pisee &0 aspmplsk shapetsych as a
20 form a desired shape under |oad. For particularly
el e shrech diseengionglnshiapn a [Thishape 9lso ipermig yabiationemethlingss of the
to reapply the linear die and roller die to the work
miiclee Thas sdthhather bateit poedsscodld foanimgngclofiquebeswfrds punching,
pi ece under certain circunstances.

whereby a work piece has a shape imparted to it, complex shapes of varying thickness
are not possible. The need for a progressive application of force to the work piece in
order to achieve the desired shape without significant internal stresses precludes such

processes.

By contrast the present invention permits a progressive application of force through the
roller die and so allows the flow of material and plastic formation of the work piece to

form a desired shape under load.

For particularly complex three dimensional shapes, it may be necessary to reapply the
linear die and roller die to the work piece and so have a staged cold forming of the work

piece under certain circumstances.
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8 According to the current enbodi nent shown in Figure
2, in order to control the relative position of the
roller die and Iinear die so as to achi eve high

di mensi onal stability for conplex shapes, a rack and
gear arrangenent may al so be gncorporated. 5 To this
end the roller die 25 includes a peripheral gear 65
nmounted circunferentially about the roller which is
in meshed engagenent 75 with a peripheral gear 70 of

he res roller 45. Thus the relati ition
D rpRESE MR s ShOUn &n Fisbni RroRSED SORRbgHelative
the nmeshing 75 of the gears 65, 70. Further the press
PRitiQHy 0@@srron dies apch lingpr dhiss B ds Enaplipviedtieh dingnsipnplagtability for
90 which is nmounted to the platen 22. The press roller
garaplex shapess hagckg@d\geartrartangementkm®rlembk imconporadent  of
the rollers 25, 45 is accurately controlled and
tracked through the rack gear arrangenment. Figures 3A

and 3B show two work pieces fabricated according to

THehipedd @R rdllRY ARt 2D khcludk® al ferPRéra] GeHr 5 HbOES c?rélmferennally
shows an aerofoil 80 formed according to the col

M!u'f"tﬁkghou@:f %?c?ls?gfl th ?lecp feﬁ?%gtnehngg Q\Hhog pglgf;heifﬂ gear 70 of the

case e upper I'ece
dle 0 .the urfa
AT 98 4 SRR o
face 9 = e _onto which tg .
BFe e rhfeaTs ?¥hedé§4f§ 3ng0s et 18 P rlfra gear 70 is i
linear die accordingly, the end effects applied to the
meshed zoepgemeat githragnek PR avhigduisdeetnserts the @laterp??. The press roller
Further the sel ective thickness variation along the
gear ho geskes 8axvith theFacki ¥ alwl s wolberhemtof dhd rplldis2B5ed B ist accurately
effect on the right side 95 conpared to the opposed
sori®]led esdirickad) ttoough the bRk goid atdnyerdé@iti abl e t hi ckness
al ong t he
Figures 3A and 3B show two work pieces fabricated according to the present invention.
In particular Figure 3A shows an aerofoil 80 formed according to the cold forming
process of the present invention. In this case, the upper face 85 of the work piece 80 is
applied by a roller die, projecting into the surface of the figure. Similarly, the profile of
the lower face 90 is formed by a linear die onto which the work piece is placed. By
designing the roller die and linear die accordingly, the end effects applied to the work
piece 80 form the rounded ends 110, 105. Further the selective thickness variation along
the orthogonal axis 115 yields a substantially different effect on the right side 95

compared to the opposed side, resulting on a substantially variable thickness along the

orthogonal axis.
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orthogonal axis. 9 For Figure 3B, the work piece 120
denonstrates substantially varying thickness between
a central portion 125, 130 and the end portions 140.
The transition fillet 135 between the portions is

al so accurately formed so as o limt stress
concentration betmeen the portions. 5 1n a stil

her natl 3A and 3B m
@ruéen t V| PH: e gl;ﬁe%e%}:%rabqs %H%hdé@{yé%g thickness

@nd met hod ccordl Ef resent i nvention

TS & COTra] PORIATE a | ORARS PG RTEPEDYA - TgatEnsion dillt 135
a cross-sectional view of the central portion 125,

beseesy thej gertiensBs wisphacchatalp plermédse 85toofimiti sfrrse (®Acentration
correspondi ng to upper face 10 125 of Figure 3B. Thus,
batwedni the pbttionnat i ve form the work piece has been

formed according to the present invention varying in
profile along both respective axes 115, 145 of

Figures 3A and 3B. 15 20 10 dains: 1. A device for

R dilf QAR WtefhafRl, ool KA @n@% 99 BIsh Bk A n?‘fer&trv%v*'segf the same

d|e having a first die formed in a circunterent

e?le& "Thl 'cﬂ:@ﬁr eﬁt]demgﬂg& ggco%‘dﬁlgctﬁqgmrﬁ(sentqg%e %on 1S capable of

rece Vi ng Surface recei

forming a work piece whereby Figure 3A is a cross-sectional view of the central portion
125, 130 of Figure 3B with the upper face 85 of Figure 3A corresponding to upper face
125 of Figure 3B. Thus, in this alternative form, the work piece has been formed
according to the present invention varying in profile along both respective axes 115, 145

of Figures 3A and 3B.
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piece; a press for applying a load to the roller die;
wherein the roller die, whilst under |oad fromthe
press, is arranged to roll across the linear die so
as to have the first and second dies applied to
opposed faces of the work 1Qgpiece, and so
progressively cold formthe work piece. 2. The device
aefReding to claim1 wherein the first die varies in
Sshape along a circunferential path around said roller
die. 15 3. The device according to claiml or 2
wherein the second die varies in shape along a
Longl %dlnal abp along of said linear die. 4. The

eV| Cle [T ff’H“‘é’ﬁﬁ‘ mstal Werkinieee soRPEING ¢l ai s
4 ke nhigl UriGhi@forhied 7B alm BFeiRS BLd anged to bi as
the roll ie to roll across the linear die. 20 5.
Thecad digi heringacecatidite fcmmathym @irecedfing herfaee doradiaiging the work
ﬁkglns further including a press roller internediate

e’press and the roller die through which the load is

apebs fod appdying Adoddab ltier rodlaledle 11 6. The device

accordjng to any one of the precedlng cl ai ms wherein
\tvhqgellnd‘]q @lleaﬂxg whilgt updrs doad fg@gﬁ RFasss tsqarranged to roll across the
circunferentially around said roller die and the
lineapdie sepeto havetheofirst andrsaedndslierapphiad toseripdsagefacesafidhe work
rack are in nmesh engagenent to facilitate rolling of
piaded anddd mogrtssvey cald $ormaihd Wwarkpiacedi e. 5

2. The device according to claim | wherein the first die varies in shape along a

circumferential path around said roller die.

3. The device according to claim 1 or 2 wherein the second die varies in shape

along a longitudinal path along of said linear die.

4, The device according to any one of the preceding claims further including a

horizontal press arranged to bias the roller die to roll across the linear die.

5. The device according to any one of the preceding claims further including a
press roller intermediate the press and the roller die through which the load is applied to

the roller die.
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7. The device according to claim5 or 6 wherein said
press roller includes a gear nounted
circunferentially around said press roller such that
the press roller gear is in nmesh engagenent with the
roller die gear. 10 8. The deyvice according to claim?7
further including a rack nounted parallel to the

i ne die.rack gnd in nesh agenent with the press )
ol | oP S ice HCorRnaah Ratiorop BEPHCFREHInR heFi thastler di
pi ece, the nethod conprising the steps of: 15 .
BFYeTR AR moupied eircemierential Ly groung jspidtrold¢redi¢ andntbel linear die
circunferential face; providing a linear die having a
ineluderh tick sidbrthedaidrgear arelrack bregn siesh angageaitco facilitate rolling
receiving surface receiving the work piece; applying a
¢fcad foliett die a¢rosd said lihear diand si nul t aneously rolling the
roller die across the linear die so as to have the

first and 20 second dies applied to opposed faces of
the work piece; and consequently progressively cold

f.or m g aé@?cevﬁgé&dﬂigqg €taim 5 or 6 wherein said press roller includes a gear

mounted circumferentially around said press roller such that the press roller gear is in

mesh engagement with the roller die gear.

8. The device according to claim 7 further including a rack mounted parallel to the

linear die rack and in mesh engagement with the press roller gear.

9. A method for cold forming a metal work piece, the method comprising the steps
of:

providing a roller die having a first die formed in a circumferential face;

providing a linear die having a second die formed on a receiving surface

Said receiving surface receiving the work piece;

applying a load to the roller die;

and simultaneously rolling the roller die across the linear die so as to have the first and
second dies applied to opposed faces of the work piece;

and consequently progressively cold forming the work piece.



