Encasenent f.or Locati ng Wr kpi eces -for Machi ni ng and Met hod f or
Manuf acturi ng the Encasement This invention relates to an encased workpi ece’

with parallelclarping faces for locating irregularly contoure t '
wor kpi eces for machining, and to a nethod for, manufacturing thglgﬁéggén@ﬂgsgi-
A cast-netal encasenent of the above generic “description has been discl osed
I n GB-21 66 070, where a netallic high-tenmperature, irregularly contoured

workpuggg such as an engine blade, is partially enbedded in a cast bl ock

of alownelting netal to produce parallel clanping faces and so enabl e the
wor kpi ece to be machined. This technique of positioning workpieces has the

difsadvant age that during the pouring process, nolten netal cones into
contact with the surface of the workpiece and at |east threatens to

contamnate its Suphageoiibhl atehgRaTEhal forkbiBeelNeR ! R ML S
| &t er operated at
concei vably have been af jgghed tfarauaaaf%%em had BeRasemeated. A
further disadvantage lie Or _elaporate chem cal or
chenmophysi cal cl eaning of the surface of the workpiece to renove
contam nation. When cool- ing down, the netal nelt of the encasenent
material may dis-
This invention relates to an encased workpiece with
parallel clamping faces for locating irregularly

contoured metallic workpieces for machining, and to a

o method for manufacturing the encasement.

A cast-metal encasement of the above generic description
hés been disclosed in GB-21 66 070, where a metallic
high-temperature, irregularly contoured workpiece, such
as an engine blade, is'partially embedded in a cast
‘block of a low-meltinglmetal to produce parallel
clamping faces and so enable the workpiece to be
maéhined. This technigque of positioning workpieces has
the disadvantage that during the pouring process, molten
metal comes into contact with the surface of the
workpiece and at least threatens to contaminate its
surface with foreign metals. Also, when the workpiece
* is later operated at elevated temperatures, its
mechanical properties may conceivably have been affected
in areas where it had been encased. A further

disadvantage lies in the



advant ageously devel op cracks. A further disadvantage sis that the .
encasenent bl ock adds consi derabl e wgight to the encased workpi ece and
makes its handling nore difficult. Also, the lownelting netal being softer
.than the high- nelting hard workpi ece, continuous nmachi ng of encasenent
mat er i aleeshd oo redEbera teatardmcals qr ehenaphy sitrtherl sonbigierfittlom i s t hat
t he net | S i <3 ' N&GANGNE : I‘?ﬁéﬁ t he
repair sga(si)%ez%e, Céff.(;ftq}%hg%re sl(?lc%GﬁcaO?%rlf{eor%géjy 'S nee&gﬂl']f%;he t th(téégrrjl:a% al ,and a

conpl etidgnsionn c 4die metploelt @f the engassrenly mateoiat aadisng o
met al  Rhiah b NG ey nd-ddiased ifunaatediidduvakEfge aspect of the

resent i nventl on an encas nt. of 1 he aboy eric scr) ptji.on and a .
ﬁet hod ¥&t ithe r?ﬁ?ﬁﬁ%?d‘len&&ge%ﬁ rceﬂ’}%‘df?’ga %\ﬁ%“‘ej%‘ft ot‘gn%%?e t he
eln_cajsemaiatsr?ﬁ Qfdx_gi%jwﬁé tdgfd \mmqst alafs Meredl g twore dbeidoelit | oit nt| y],c to.
el i m nate ne Qr_.subsequen n \.e - nation from =
t he en?‘é‘?é’rfe%[hehgt%ﬁ“ﬁl%ﬁq%g‘lﬁetﬁle%ﬁm zﬁ%éto?{]:{fﬁg& héatﬁ%]c%#&g} operties of
t he womelitsiosy el workgkeess codiramuamashirgglofidicasetent the
encase%%%isdf r&& fv; .réaccé(sma%%j%q ngey %ﬂ'@s}eﬂ%.t he parallel clanping

faces or secure catiron o e wor Kpi ece. Anot her broad aspect of
the present invention is to provide a nethod econom cal enough to warrant

encasi RghctHet iRt i dar@asd A idi ST osedain ErEPDSES.
ED- 1126 , . \

66 070 is uneconomical at least from the repair aspect, for
the reason that energy is needed to melt the metal and a
complete metal casting process with its attending elaborate
handling of metal melts and lengthy coocling phases is

needed. \J

In a broad aspect of the present invention an encasement of
the above generic description and a method for its manufac-
ture and separation is providead to enable the encasement
material and the workpiece material to be machined jointly,
to eliminate the need for subsequent cleaning to remove con-
tamination from the encasement material without jeopardizing
the mechanical properties of the workpiece, and to make said
contamination negligible. Also, the encasement is free from
cracks in the material and the parallel clamping faces make
for secure location of the workpiece. Another broad aspect
of the present invention is to provide a method economical
enough to warrant encasing service-exposed and damaged com-
ponents for repair purposes.
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3 The invention provides an encased workpiece as clained in claim1. The
fact that the encasenent material is a thernoplastic nmaterial neans that it
can be used séverdl tinmes over, since it is hard and tough at | ow
tenperatures and softens at el evated tenperatuyres. This qualifies it for
environmental | y benign encasing, for a thernoplastic material can be reused
about 100% w t hout requiring hi gh-cost conditioning operations. A preferred
mat er i@l f or enc3BPnd AventdIons PFoyALesTidns eRgas ety WOrkniace Afd Shaigrep at
roomtenperature ang able to envel ope, in the shape of ribs, an
irregularly cont & aﬁ&rﬁpiece w t hout cracking after it was

i fj ection-nolded at fusion tenperature and allowed to cooling to room
tenperature. Its strength is sufficiently high to permt 4 cl anmping the

b 0 convent faggl caB8akhan 99 S LI BTN oMY Ui i e L0 S

plfastic material “can be nmachined usin e sane wafer-coole

the workpi ece. |RagecRhgheheats2thaRde¥eRan0het %%ean%@%%a; tibRg’ ideand

webs have approxinmately the same cross-sectional area.
since it is hard and tough at low temperatures and

softens at elevated temperatures. This qualifies it for
environmentally benign encasing, for a thermoplastic
material can be reused about 100% without requiring

high-cost conditioning operations.

A preferred material for encasing is polystyrene. This
material is hard and strong at room temperature, and
able to envelope, in the shape of ribs, an irregularly
contoured workpiece without cracking after it was
injection-molded at fusion temperature and allowed to
cooling to room température. Its strength is

sufficiently high to permit
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s an advantage in that shrinkage stresses in transi--tional areas’
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when applied. In a further preferred application of the nmethod the
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ec e nore secure and h ' he wor K |ece can

68u8450y dgdogratiry- AlECed tarlsnfc,lmsrtel& é‘}aé'tﬁrr’(?c?néfﬁ’éaﬂ?y or

fﬂgﬁPgﬁmzﬁu k8hsORS cbh%nttfienraqs Ilfdc%ﬂ:fn tthfolré ke @hgebs on the

chenmophigeheé akbkly ued ngn ek edmet vadeed coldlied &bols PLffur ethaise of t he s

encase

parti alP§

nenkgls in the location of en- gine blades, where the webs at

| east

ﬁ98F0pe the leading and trailing edges of the airfoil. This

advan- tageously protects the | eading and trailing edges from nechani cal

damage
airfoi
from4
ai rfoi
center
| ocat e
t he ai

;ﬂughg& Gy %%r%glr gﬁww £ cf%gcﬁ% drihOf ﬁy@er{sasaﬁa the

or at an angl e of
gebsthaer pRpy cxiimatedtetheneagre rosgsentionakredy dPrishe

s are pre arr ange ogonal

b r2erRsChe Baviitage QY demtasmd astyeddd {Metgdndpl |

l'i.ne can be trued nore accurate an that the blade can_bge securely

&ioppl) pxeas between,the Fdhs ikt W%Rﬁ%?%ﬁ #PEntfRne bl ade,

that! the feﬂ&tsémemtshﬁdlamwmmd whe gppsliiedn in its

In a further preferred application of the method the
workpiece is cempletely enveloped by the encasement in the
areas between ribs. This makes sure, one, that the position
of the ribs and webs on the workpiece is made more secure
and that, two, the workpiece can advantageously be electro-
plated or machined electrochemically or chemophysically'on
unmasked, exposed surfaces.

A preferred use of the encasement is in the location of en-
gine blades, where the webs at least partially envelope the
leading and trailing edges of the airfoil. This advan-
tageously protects the leading and trailing edges from
mechanical damage during machining while fixing the position
of the ribs on the airfoil. -

The ribs are preferably arranged orthogonally or at an angle
of from 45° to 90° to the centerline of the airfoil to en-
veldpe the airfoil completely. This provides an advantage in
that the airfoil centerline can be trued more accurately and
that the blade can be securely located.
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root area of, when an integrally cast shroud segnment exists, to the shroud
segnment . Then, for finishing the shroud s¢g- ment and/or bl ade root, the
airfoil is enveloped in an injection-nolded encasenent to provide suitable
parall el clanping faces. In a preferred arrangenent of the encase- nent,

therefore, theth@aprogubtivhesrr irb@aillﬁ' cpelll ade arp@ndind ipLAdEn tive

than uice SREEPLD LR ERRels TMERRR, 2oS, iy eublf okt o Bl EF ot ces
can advantageotsayebeosprwhdnoaar1nhegaaﬂmmIcasttdhrqudnsngmeﬂtdeinsusng
1 amp 09 | OE6°Ene PRERLE) E¥aREn®. N5ReR | ! T} Moy Ade SUGLACE £PLOI!

extrenely t |ckne ses a pre
nanufactur|N§n§naéﬁ69§eh%ﬁﬁetﬁ@oﬁorkbﬁe@éﬂﬁ9ﬂﬁt#SHFﬂYﬁkPR§¢o¥@I¢Mg mol d of

an_'nJECt'OﬂnﬁabéhBH-ﬁBQBéBeeﬁEstR%nE|%%tb%d@ﬁ&ﬂ'éﬂliéﬁléfﬁthTﬁéf”E”t s
| hj ection- 9£ on_to the_wor glece rovi des an advantage In that

when pol yst éﬂ@lpg G8€85asIn Baprrferges pHrangfradtt 1ok &he PBRRSRThi ned,
such as thembhggetheekrope, SthUépaegmnbet@ﬁbﬂ iZkid sin bche besdle droot

consi der - hat _both, nat nt a ously be processed by
mater-cooleagn%&ﬁlﬁfﬁa chﬁ Fﬁﬁg rug’ 3 3h58%f tools. Provided the
airfoil is conpletely envel oped by the encase- nent mat eri al, machi ng can
advantageou I d 33t ea
and/ or by e rockgkr% ga r??SI %kﬁgﬁ%rp é}é@ s'%%em)p ySI 29%5'%— 1226
the rib thlckness. Wlth thls r1b arrangement the clamping
forces can advantageously be spread over the airfoil in the
absence of deforming clamping forces, especially so since
airfoils in aircraft engines exhibit extremely thin wall
thicknesses at midspan.

In a preferred method for manufacturing an encasement the
workpiece is fitted into a locating mold of an injection
molding machine and the plastic material for the encasement
is injection-moulded on to the workpiece. This provides an
advantage in that when polystyrene is used as a casing
material, the surfaces to be machined, such as the blade
root and shroud segment, can likewise be embedded, consider-
ing that both materials can advantageocusly be processed by
water-cooled machining techniques using conventional tools.
Provided the airfoil is completely enveloped by the encase-
_ ment material, maching can advantageously be followed by
electroplating in the shroud or root area and/or by
electrochemical polishing or etching. Also chemophysical
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6 processing operations |ike vacuum vapor depositing,- sputter- ing or, CVD
‘W || be possible, for which purpose ghe finished airfoil surface is .
protected by conpl ete encasenent. To separate the workpiece from:the
encasenent the encased workpiece is cooled to a tenperature at which

cont i nge%&@&%e@eﬁ&qm wilke f\ﬁ&dﬁuﬂi\ V&soL €8EBing Pl Qﬁﬁtté?-m astic
materi gl wl| qﬁrl at Iow/te tur.es .and rink.to ghﬁreg gr degree
than tA89neEaY “%éb‘k&ee(?é’ sgifite 't @%ﬁl%‘%ﬁ%@s%rﬁ}(’:ﬁs FERESrmin the
pl ast i aindiodli aundadeodls gafotredte the comppéte cendaserantsenent wil | =
advan- tageously detach fromthe workpi ece without |eaving any residues,

and if thernoplastic, can be reused and reinserted in an injection nDIdlng .
cycl e. Thheeparate dhe yakpdddsedren cthel eycasenenght the eneaaedom panyi ng

dr awi Ngerihgi M Ghy %ogleh td lal b@éﬁﬁé@&t@felateﬁﬁieﬂ 8Bheedusagasenent of a
wor kpi ece Defore f | | ustrates an |n£ect|on nmol ded g

I Ni_Shi n,
encaseﬁ@ﬂl’@@% Ak e %|1n q%ﬁ’%r’é’l‘ V’I‘%V\Pn‘éﬂﬁe’l‘?@ 351npe| ERer ates an
encase 1\&@1&% Qtfaﬁ:ea:fn‘raﬂr Wil sEnmgittié hat eieweﬁempéﬁwtﬁﬁeEl gndl an

ST 7 AR ety bl G50 L R QR0 2. s
morkpl¢amubﬂznshn¥nkagnnnnaakglw&&blﬁgeu 1nxth9tplastacfmatpusai|on|ng
faces 43 Rl d i dP A LItk hi &cf! 3FhbCefiasement will advan-
tageously detach from the workpiece without leaving any
residues, and if thermoplastic, can be reused and reinserted
in an injection molding cycle.
The invention is described more fully in light of the accom- A
panying drawings, in which

FIG. 1  illustrates an injection-molded encasement of a
workpiece before finishing,

FIG. 2 illustrates an injection~molded encasement of a
workpiece in lateral view, and

FIG. 3 illustrates an encased workpiece after finishing.

With reference now to FIG. 1 an injection-molded encasement \)

1 of an irregularly contoured workpiece 2, such as a blade 3

for gas turbine engines, is shown before finishing. The

workpiece 2 has been completely enveloped, except for a few
positioning faces 4, by injection molding with a plastic en-

casement material. The plastic material here used is poly-

styrene, a thermoplastic material softening at temperatures

between 4
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casement naterial. The plastic naterial here used is poly- styrene, a
thernoplastic nmaterial softening at tenp@ratures between ED- 1126 7 [err]
and [err] and exhibiting sufficient strength at roomtenperature to absorb
clanping forces through planoparallel clanping faces 5. These cl anping
faces 5 ar 80arCasged I&P riGarel stlvidel ting tswif hedent ostrengthk akdreomThi s

spaci ng di Hefigehature W My 'ﬂhxﬂﬁlﬁ@ef%ééc'@ﬁrgu&ﬁd iQnBBa?Slle%e

machi fed. ThIS ensures secure_clanping near the nmachining areas
case of a GLAIPING facaf foxc Shase tfelm‘he%ﬁ%?% P 2¥RedEFangeRoBR 11 and

shroud segmdmis Jszsyaeﬁa dPpade By Qﬁeaﬂﬂsaﬁlﬂ »séw@wl aﬁ@nsntmzsf epm:nﬂt;egral

parts of a il ade 3. r etween t e airfoil h has
al ready beSHTgIERa% 511} tﬁ}ﬂg ‘%tﬁﬁ%fdrwbe‘? %n%‘é:g #ges % aRgb £6' £
sinultanéomabhmnadmw@hﬂzaénsuheg]sannre crampimg nedér 8Stheemdchihing edge
of the alr% s13, which is thus protected from nechanical injury. The
Cross- sectlongl areas of the webs 7 and 8 are approximately the sane size
as the cross- sectional areas of the ribs 6. The airfoil surface between

the ribs 6 @¢nehace ¥ £ Kiadd® ¥KE ARl cds C8 iaékﬁ&eﬁ@neé gpyelaped
Oy N R S G de oot AL and Shroud Segment °T2 SPeds. "H1348’ 2608 §1' O
and shroud segment 12 form integral parts of a blade 3. Ar-
ranged between these is the airfoil 13, which has already

been given its final contour before encasing. The web 7
simultaneously covers the leading edge and the web 8 the
trailing edge of the airfoil 13, which is thus protected

from mechanical injury. The cross-sectional areas of the

webs 7 and 8 are approximately the same size as the cross-
sectional areas of the ribs 6.

The airfoil surface between the ribs 6 and webs 7 and 8 of
the encasement 1 can likewise be enveloped by a thin plastic
layer to protect it during electroplating and/or electro-~
chemical polishing or etching operations or during chemo-
physical operations, such as vacuum vapor deposition, sput-
tering or CVD, in the shroud area or root area.
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chem cal polishing or etching operations or during cheno- physical’ .
operations, such as vacuum vapor dep®sition, sput- tering or CVD, in the
shroud area or root area. ED 1126 The plastic encasenent thus-covers, as
in this exanple, the entire blade 3, except for a few positioning surfaces
4. Sai crrfmﬁlas#ﬁmgemsmt atl@metqusme 2% tncthimreexanplesitheduring

the [ nigfli:AD WDLAE N0, Q0G5S £0r PA O opSuit 8bheng ebaE eREEs SHl f aces f or

truei ng the workpj ece anoparal l el clanping faces 5

on t he Fais% Resit %9R9¥9u§ﬁﬁ§ﬁﬁﬁ§1?r?rF?Pﬁl§ﬁ?ﬁg %nﬁPﬁﬁF?Etnaterlal of”t he
encaserﬁﬁexlwnrum:@o&h@eihj@@eimrmwdhng herooeki €6epLobydeat er - cool ed

tech- t hou U|r addi tLon specl al, t o0 | lustrates .
an 1 nj Sy ERRlg) W eEien AR (i ERs Stnp WpFkRieSe, 4 FFer o

Vi ew. ;ﬁlqu,tﬁm&hhungﬂxnﬁpéra&&sls¢1mmpbmgtﬁecesbs 6nathet hibsebs 7 was .
inject| qgﬂ: ing faces 5 and 14 on the ribs were mlled for 3
planopareugﬁg |gnneﬁgiaf?ter the blade had first been trued with

reference to the positioning surfaces 4. The need for this mlling

oper at i) ¢£n £id MM qmwem@e&ﬁﬁéfeaf éhsxshéaaémaﬂeqyaeshybe
accurately p05|t|oned pl anopar al | el I N aces 5 on the ribs 6
af ter i’?\"-}‘gb’t nefd m%thﬁlﬁd“ﬁfc}'h% V?’megg‘?eg By EﬁEﬁ§é9°%?ﬁpF§€B‘2 af ter
fini shifigrue without requiring additional special tools. -

FIG. 2 illustrates an injection-molded conformal encasement
1 of a workpiece 2 in lateral view. After the encasement 1.
consisting of the ribs 6 and the webs 7 was injection
" molded, the clamping faces 5 and 14 on the ribs were milled ~
for planoparallel alignment, after the blade had first been
trued with reference to the positioning surfaces 4. The need
for this milling operation is eliminated when the encasement
1 exhibits adequately accurately positioned, planoparallel
clamping faces 5 and 14 on the ribs 6 after injection mold~
ing.

FIG. 3 illustrates an encased workpiece 2 after finishing,

where during the finishing of the lower 15 and upper 16

workpiece area also the plastic encasement 1 was removed. If

the item being finished was a blade 3, the blade root 11 and

the shroud segment 12 with sealing fins 17 were machined ~\)
with geometric reference to the clamping faces 5 such that

the encasement 1 with its planoparallel clamping faces 5 in

the area of airfoil 13 was allowed to remain. After finish-

ing, the remaining portions of the encasement 1 are

separated from the airfoil 13 by a cooling process. For the
purpose, the encased workpiece 1 is cooled to a temperature

at which continuous shrinkage cracks form in the encasement .
and the encasement detaches from the workpiece 2 in frag-

ments without leaving residues.

ED-1126



where ‘during the finishirng of the |ower 15 and upper 16 workpi ece area al so
the plastic encasenent 1 was renoved. If She itembeing finished was a

bl ade 3, the blade root 11 and the shroud segnment 12 with sealing fins 17
were machined with geonetric reference to the clanping faces 5 such that
the encasenBtPuOGREd 2t sopfarbphr anrarenraipinyf sbes injestina moddisy

airfoil 13 E@éhﬁi&@&eéakésré nfr@&EQBnE'BESE mhﬂﬁtethﬁnﬁe@@ Rigeg portions
of the €_ancasenent are gegara fromthe airfoil b a coolin process
S

For the puri%B%rthﬁgeﬁE Bcﬁﬁ?WﬁPEcé frpe EB&I@Brkﬁlécﬁeﬁp@Wé syt
whi ch cont i guocoslshyi opegatioackithout Leaviageresiamest,. ahe tplless@i@aserrent

Eb 1126 SragnepBRl Bt B nruPiab dredEarint £oB)benEBae Rt Mol di ng
t echni que twakesobhe éncssémentol a gpstireffeciive ddds thegaexablgst he
Proasement JpSEEEINE URLKPLERSrE DY BEBSrEhrilegOBh agr%gmy 1§ ghout

| eavi ng residues ragnents arising during separati on can
reused. Thl§°ﬁ§R@SwPﬁ5Péﬁ§§§eaEﬁt loﬁ eost- anfleéinge expendiduresabloas

operati ons gngtrepah’ fatPalesPeEHRL FEUCLR b&bﬁﬁﬁ&éEhIKQon' toured
wor kpi eces 2 at | ow cost and tinme expenditures, and that even warrants

repair work economcally. ED 1126
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10 G ains: 1. An encased workpi ece, wherein the encasing +s nade of  *

I nj ection-noul ded plastics material and conpr+ses~paT§TT§T—ETEHE?nQ faces
for locating the workpiece for machining thereqf I ﬂ“l y of
spaced-apart ribs interconnected by webs, and aw‘“ﬂm “M\“ sts of a

t hermopl astic material. 2. An encased m&Pkpiec ~as chai fed®in"claim 1
wherei n the_encasing consists of polystyrene. 3. An encased worKkpi ece as
claimed in @h@iB8e of claims 1 to 2, wherein the ribs and the webs have .
substantial ly equal ly-large, cross-sectional areas. 4. An encased wor kp¥ece
as claimed in any one of clains 1 to 3, wherein the workpiece is conpletely

envel oped between the_rihks _by.the encasing. 5.,An_encased workpiece as
claimed in ghy Re=BF2ER BP%%E&FHS'C g?ﬁglnwﬁg eFHCFﬁ%nﬁb%Epfpgf is an

engi ne bl adgfafg‘Epﬁi%lgﬁo?&dFﬁaﬁﬁ.ag@EkgahL¥e§9§fl Qﬂf(it Qsmgiagiegg and
trailing edges o e aeroroil. . An encaSed workpiecé as clained in
claims5, whggehinbiecibhpiAgerabbangsy 2bbhedARAkhY YbrkbidReay e Of

machining thereof, and a plurality of spaced-apart ribs

interconnected by webs, and
the encasing consists of a thermoplastic material.

2. An encased workpiece as claimed in claim 1, wherein ;J

the encasing consists of polystyrene.

3. An encased workpiece as claimed in any one of claims
1 to 2, wherein the ribs and the webs have substantially

equally-large, cross-sectional areas.

4. An encased workpiece as claimed in any one of claims
1 to 3, wherein the workpiece is completely enveloped

between the ribs by the encasing.

5. An encased workpiece as claimed in any one of the
preceding claims, wherein the workpiece is an engine
blade and the webs at least partially envelop the

leading and trailing edges of the aerofoil.

-
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from[err] to 90 to' the bl ade centreline and that they envetep-the
aerofoil’. 7. An encased workpiece as clainmed in claim rein the
spaci ng between t'he ribs is narrower in the bl ade root Tmﬂﬂﬂﬂmﬁﬂ ,IM | ade
tip area than at m dspan. 8. An encased workpi ece as cl ai g, 6
or 7, wherein the spacing between the ribs at!lnidspan is wider than twice
the rib thickness. 9. An encased workpi ece substantially as herein
descrilbed with Bef ePdneaciEs edharorkpdgsen@snFldiawiddgn rdaim fot hhergin
manuf acturi ng an_encased workpi ece as clained in any one of the preceding
cl ai ns, wher ei nthffe ThdEk Fikéc GGt SFthagenailyc &5 &t Psularaie fif

i) ection noul di.n hi ne d thernopl.gstic materigl is injectiaon noul ded
onto the workpi &Fgm”?% &%%t%ho&c’ofthﬁaﬁilag@t FEF S f&néﬁg&?\/&i e as
clainmed in clain11%%°¥h Lein th% cased workpiece is cooled to a

0

e
tenper ature at g *ndSdS §H?Tnkage cracks formin the encasing to

al | ow subsequent separation of the encasing fromthe.workpiece.

7. An encased workpiece as claimed in claim 5 or 6,
wherein the spacing between the ribs is narrower in the

blade root area or in the blade tip area than at midspan.

8. An encased workpiece as claimed in claim 5, 6 or 7,
— wherein the spacing between the ribs at midspan is wider

than twice the rib thickness.

9. An encased workpiece substantially as herein

described with reference to the accompanying drawing.

10. A method of manufécturing an encased workpiece as
claimed in any one of the preceding claims, wherein the
workpiece is fitted into a location mould of an

i injection moulding machine and thermoplastic material is

injection moulded onto the workpiece.

11. A method of manufacturing an encased workpiece as
~ claimed in claim 10, wherein the encased workpiece is
- cooled to a temperature at which continuous shrinkage

cracks form in the encasing to allow subsegquent

separation of the encasing from the workpiece.




