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ABSTRACT
A new computer prograln \\,as u,riiten for nlanlrfactlrriDg

wing moul(ts on a 3-i\is CNC machine. The aim was to
rcdLrce ihc costs and tinrc of nornlal CAD/CAM processes
nnd to $,rite a dedicaieci conrputer prograln that coulLl gen-
erate machine co.les for complex 3D wn18 Seometry.

A test wing seciion was m.rnufaciurcd using the machnre
paths geneLate.l by the new prcgr:lm. To verify the shape
of the test section, ihe airioil coordinatcs {,crc digiially
obtained ancl comparecl with the oritinal ctesiSnecl airfoil
shapc. Ve$, littlc deviation {,as detecie.l and the nethoct
was ihus founcl to be slriiable ior ihe manufaciuring of
moulds for g1i.lers, rvherc accurac)'of the wing shape is of
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and expensiye. A large romponeni of the cosi is associated
i!ith ihe manufactufilg of the high prccision moulds from
rvhich ihe glider is trlrilt. Thesc moulds rverc traditionally
bllilt by hand \^,ith the help of CNC machined templates.
The modern apprcnch is io L,se computer controllecl
lnilling machines b cut a production nlould fron spccial
stable mould mnterials.

ll r. "ppro.,,lr r- 
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The high cost stems for the high cost of the CAD/CAM
sofhvarc requircd io gcneratc the oolpaths anct mo.tels for
ihe nrillnrg nichines, the operating cost of the nrillnrg
machires and ihe high cost of special mould materials.

A new approach is proposecl io recluce the cosi of this
technique, s,hile retaining the accuracv. As a first step, a

dedicaicd CAD/ CAM progran was dcvclopcd. TIlis pro-
gram can generate the CNC machining tool paths for any
given three ctimensional !t,n1g geometr)' like ihe
\\,nrg/wiiglct hansiiion area and the lving/fuselage junc-
tions. The winS Bi.onreir), is obtainecl direcily from the an'
foil data, thlrs the nced to generate tine consumht sol
models of the nroulds is not necessarir The clrtting paihs
aLe then pLodllred in G-code tormat for simple 3 axis
millhg nachincs. This can significantli, reduce costs, as a

veri expensive 5 axis machine is not required.

CAD/CAM PACKAGES
Computer aided mnnufact ljng (CAM) packages are

used for accuraie and fast nranrifacturing of products
dnectlv from n computer solid model, as designed in a

CAD packagc. Almost al1y gcomctf,can be machined with
these Inodern packages together wiih sophisticated
machnler],.

Most exisiing CAM softlvare availalrlc fol nlolrld manu-
fact ring, like Delcam, Hyper Mill, CAMWorks etc. are
inicgratcd into computer design (CAD) packages for easy
access to the complrter model. Once ihe product is
designe.l and drah/n on the computer the CAM add'on
recogniscs ihc gcomchi, nnd crcate the iool paths for
machnrnrg purposes.

These CAM a!ld-(nr packages have nlanv lcaiures to sim-
plify the m.rrufachrring process. Some of these features
include customizing tool shapes, ertensive ranges of
roughnlg sirategies, \,ariolrs finishing straiegics and tool
path management io minimise cutting tilne. These pack
ages are also capable of interfacing \^,ith vario s CNC-

All of ihcse packagcs can dcliver accuraie moulds with
adequate surface qualit],, but are \\,ritien for inllusirt, plrr-
poses with a variety of capabilities, $'hich make the pack
aBcs that n1orc cxpensive due io high de\,elopment costs.

NEW APPROACH
The availatrlc CAD/CAlvI packagcs arc cxpcnsivc thcrc-

fore alternaii!,e rjavs of nlanuiacturing wnrg moulcls \r'erc
investigated. The only way acc rate monlds co ld be man'
LrfaciLued is by means of CNc-nrachining. Thc cheapcst
machine available that could manlrlacture the desired
shapes for rhg noulds, is a 3-axis CNc-machhe. By
using ball nosed cutters, alnrost anv wing geonrehy
moul.ts could be nlilled with the necessary accl acy. By
usirlg simplc 3-axis machinery, it lvas necessary to fufther
reduce costs by elininatnlg expensive CAD/CAM sofF

With a little bii of eifort and time, a computer prcgranr
lvas ndtten that can generate cuttint iool paths for com
plex thrce dinrensional {,ing mould sectiols, for lse with a

3-axis CNC machine. The input paraneterc are simple,
lvith no need for expensive CAD soft\^,arc to generate the
desired nrodel on conputcl All thai is nccdcd is thc yai-
ous airfoil sections at specific locations, twist, s$,eepbaclt
dihedrils nnd panel lengths. This infornration is rcadily
available after ihc wing dcsign is colnplctcd.

THE PROGRAM
For a dcsigne.{ wing/s,inglet tip section as seen h Figure

1, the computer progran is alrlc kr crcatc C-Codcs that,
\^,ith the help ot a 3 axis CNC machhe, manufaciLrrcs the
mo ld ( Fig re 2). lb ilenerate the tool paths, the ai oil
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FiSur€ 1 WinSlet geometry

Figure 2 3D view of the mould (toP) for the tiP section

Fi$re 3 Surface Stid 60r the tiP wing section
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data at each section, panel lenSths, twist etc. is necessary to
geicrate a surface gdd. (Figure 3.)

A coarse surface grid (for better visual display)is sho$,n
in Figure 3. Th€ number ol panels can be adjusted to
acquirc a higher suface accuracy. For torgh-out Proce
dures, for example, one clon't need a fine surface gdd, oth-
erwise the nachining time world be too long.

After the surface gid is generated, a rough-out path can
be established. The rough out procedurc is needed to
rorgh out the waste material to a point near the sufface
from h'her€ a ball nosed cutter can be (sed to cut the sur-
face. Ball-nose cutters, that is uscd for the sufface fhishing,

can only mill small depths in comparison to routh-out cui-
ters, which is flat faced. It is thus a lot quicker to rcugh out
the waste material $'iih a rough-out cutier than it is with
the ball-Dosed c tter. It also saves the ball-nose cutter for
good sudace finishing, where it is needed.

The rough-out path is found by moving the cutter along
the surface grid, while calculatinS the height of the cuiter
for ihe specified minimum distance frcm ihe surface. The

cutter $'i]l then move lin€arly between ihese calculatecl
points on the grid. Ncgative values for the minimun'r
height can also be given il1 cases r4rere th€ cuiter must
make incisjons in the surface, for example, if a small epoxy
gap must be cut at the leading edge of the nould. h cases

where the depth of the surface is deeper than the rough-out
cuiter's shafi length, multiple passes can be made over the
surface to acquire the desircd mnimum heitht. After the
rough-oui process, the surface cutting can Proceed by
using ball nosed cutters of various diameiers.

By usnrg 3-axis CNC milling machines, smooth 3D sur
fa.es can onli' be cut with ball-nosed cutters. Using ball-
nose ftrtters for the srirlace cutting procedure, the offset
from the surface n st be calculated at each grid Point to
establish the correct cutter path. At each Srid point the cut-
ter is thus positioned perpendicular to the surface ai the
disiance ofthe cuiter radius. To determine the position pre-
cisely perpendicular to the s rface, ihe mean vector of all
the cross products from surface veciors is calculaied, as can
be seen in Fisure 4 (Ellis & CulicK 1994)

4",,..\;

Sulf'ace

Figurc 4 Positioning of the cttting bii

Fiture 5 Cutter paths for the wingtip moLrld
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VALIDATION OF THI PROCRAM
All thc cif(,1 rcqlriri'd to d('slsn n nc\\ nirtoll d(.lrr.rfds

thnt th.' shapr ('a thc .rid pr(J(luct \ iJl be c\.r.th th( nrn1e
.rs tr.rs intcnrlld It is lheti{)r nec!\snf! to ostaLrllsh th(
nccurn.v oi th( no\! fI1,rrlrnr bltorr the s\ sicnl cin be urcd
in the nr.rnufn.tLrring of ner\ 11{rlds. Not onl\ is ii inrpor-
t.rnt thni the sh.pc ol lhe nroulds nre i.olr!rt, blri,r good
surr'ace qu.rlit\' i\ .rlso ncces\rrr 1i lhr srd.rco qtl<rlil\ is not
-r. lrrrrrrl l.'rrl rn.J,rr-\.rll rr' ,rl'.,.,rr., l.ir.'..,.r,r\
$ hich i\ unncceFtat lr. -l-hc jlo.l is th!n a. n(crrr,r(, lrrould
s ith .rdrqu.rtc suri.rc( (lralil! straishl nft.'r nrillinS.

For lh. \nli(lntion oi the frogrnnr n icst secti,D $ns
nrillcd using lnnrin.rted suprr \\1)o!l .rs thr.cu ing nr.rtcrinl.
Ihe tosl \\'ifg srctior.(nisisi(\l oin l(l(lmnr .h(irc1, llippcd
nirfoil. Il()th the k)l'.rnd the L'otknlr \rction\ \cr(,nrillccl,
k)geth!r \ ith lhr tl.p nroLrlds using .r tios.h 3-r\is millirrg
nrachin(. Thr bcd sizr ol ihc nrillinir nu.hinc is 3n bv
l.an.

A 3.17:nrm rir(lilLs crliter \.rs usul h)r thr nosi'sc.t(rns
rlhcrc n 6.35r)rnr r.r.lius .utter Nn\ u\.d \ ith ih. tu\l oi th.
notrltl ior betlcr \Lrl.rcc qu.rlit\ ind less nrillinit tinre.
lrigu(, rr shoNs thr nroLrl(l lor thr bottonr slrrircr, riglrt
.ifter nrillnrg. ,\lso \i\itrle is thc llnnr cpo\\ escnpr (;rnnl

\in di$itising techni!llrs lrigrre l0sho\: thc devhti(Ji of
thr m.rchinrd nirloil )nr thr oriSinnl. Fift\ li\e points
\ctu t.rken on dre rrppr.rrri.rct .rnd .{,nrp.rri'd \ith thr
oriBln.l .irtoil.'l-he g,.rph sho\\'s rh.rt ih. ,r1.r\inrum rlrria-
tion is under 0.lnrnr. $lxre tlr. nrcan d(\irtiof is.b(\rt
0.0lnrm. Conrp.rring the t)ressuru d'strib!ilolr tr(tN€r'rr thc
origln.l ;r.(l nrillcd iirfojl (liigu11 ll ), ofc c. sre liitlr dif-
trl1rrcos. Lrut th(.rnrintion could b..ontrit'uierl Io ihe di:ti-
tising pro.(ss \\hi(h is i()l.rllr a.LUf.rte

CONCLUSION
Although n;r1\' oiher ( ANI p.rrk.itrs c\ist on tho nrnr

kct, .r pro$r.rrr thnl is spr.ifi..rlly rlesignrd ior $ ing nntrrlLl
|r.'r.,.,.lu rr'r.\\'-.1'1'1.'1.r1 ll'. n'\,.1',r. I ";r,rr
ih.rt tr olrld .ut nny Siv.n lD $ inS geonr('hv i(cLrrat(' . r(l
\ ith $ood nrri.rft qLrnlil\ t(n n lr.rction oi the lrndition.il
.ost: of (r\NI packrges. lhis h.r\ trlen .r(hir\rd Niih lh€
nr$ lrrogr,rnr lhnl girr(r',rtrs thc t(xrl p.rths Lrsrd on i sim-
ple i .r\is ( \C nr.r.hi,N. Ihc p11,srinr in.lL,dr\ n)ugha)ut

fr,...1.r.1-.r'L,-,.''ll-r',-, 1.,rl , , lt'rir .:-u|r," !.rl
tinit.

C h({rsin:t thr right nni.fi.l t('f ihc ri(iul.ls i\ impoft.rni.
Suri.r.c qu.rlit\'(nr !ar\ (llnnrniicnlh \ ith diilcrL'irt nr.rte-

lrigurc 6 Boin)nr surf,rce oI ie*t suction

thai \.rs ctlt.rt thc lr.rding.dgc. Fi:tlrre; 'ho\\s thc top
scction right nlicr niilling. Sonrc er()rs N.rr dcic.led thnt
rcrc c.rLrscrl t'v inaclt,qurtr'l.rmjnnti(Jn oi ih{r sLrpcr \ood.
llre d('nsitI oi the supcr \1xrd difl('rs ironl the oulsidf t()

thL'cr.11ltu. l his cnLrsrs .r rough surt.r.e $ hi.h is nr.rd( qu:rir.
'Ihinn(r suPer so()d \ccli(nrs lhat \.r. us(d \ilh tho ilip
sections liigur( S sho\\'cLl trrttrr rosolls $ ith I nrrcJr hig|er
sur face qualitr dLre h) high!r drnsitic\ oi the N(!'tl.

Looking ni lhc nccur.rc\', figlro t) sho!\'s thr origin.rl rir-
flril thnt \is de\ign.d, \ ith ih. .o{)rdinnte\ of ihe CN(:

.lchinrcj .rirl()il as dols. Tlr! co ordinai('s N€r( obt.rjnrd

l itcu\lcAL 5()..{/U\c

riil\. Althoush n)Drc nr.rlcrirl\ nl.r\ br nfurr e\pen'j\e,
the\'\\'ill l.rsi nru(h lonsor th.1n fr.tcri.rls likr sLrp(.r \\1{rd
\ hi.h is .rdcqunl. tor n ptutol!pr nlould\ onl\.
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Figrrrc 7 Top section oi test sectrcn Figure 8 Fl.rp motrlds (top nnd bottoln)
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FigL,rc 9 Originnl airfoil colnparccl rvith nlould (lots)
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Deviation from oriqinal airfoil
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Figure 10 De! iation measurements

Fitlre i1 11cssurc .{ish itrution
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