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{r Apprrrch'!o tD{brfacd Cu attre,''nalv\h

'lhis iJrp.r r€views ([e graphirol took ,vsiltble f.r ch€cki.g the
qurlirl ol C,AD/CAM (Corputeraided Dcsi8n / ltllnufaciure) sur{r.e
Dodcls (B-Splin0 ford). It is lrosriDle lo use th6c d.thods by d€dgtr
.rd ornuflcllre ereineqs to risually lssds lhe q ualir"r' ot sculp lu red
surta.es Md perforn tb. ion! path of CAM trl.n. Thb prp.r
highighls lhe role oI 3D rurtlc. ctdature slilysir in th. neld oI
CADICdN{ oI sculptur.d s\rf3c.!.

Ker*ordsr CAI)/CAM, Snilace curv.lut, sculpruEd surfaces

cLJr drl:l r+ir s5l Jrr:\

rlJ54 iir.Jl CrL,r ftrj !.:i ai rr-l el' ;$-.x &ll1 n:J o.,r+
'r- .i--":lr- ,r!r rl.Ll' r ...-r :n5 , i Ls..! | rB \pline, 'r!
),.lr.lr qr.I +J.,! !i, .k -.1e!4\r c.aijl q*ria- # d &b rjd li:*r
,Jf !, Jt i-i! isl .,.!rn ;:,i i i- +r.j q5d rd, i4! ciLr +yl
'ie^i r.:!r t tadi :rirl! J\.r. ,! Lri:^..r' ;ri.-! - EJ' +rr ,*.I' J5i

,4!-!c CJLJI Je erlr lilJ !E.lx 4i!d, d i+EI!

!o tr&hining tole.ances. This ha
rosulted in tne need o..cst9 high-
qDah! su.f&e deinitons. SnEll
ndacc imperf{lions can hav€

Sculpxtred surlaces io CAD,CAM
are $?ically denned by a ve.io.
valued pdmelric equarion ol dre

r(Lv)=bl ,e),yt1.r, .(u,v)l fot

This delnilion cd be us.d lo
gcncrar. 5cqudrcc of poinls dd
noruls rhat arc scd to detinc
!@sically conlmlled (Nc) rool
curer parhs 10 drjve e Nc
millins rmchiDe. ftus Pitll
CAD/CAM te capabilil, cxists
of matchirg th. cobputs'bded
defDidon and the produclio! tool

Cu&a1@ tullysis has

applicanons i. mod€ln]g as \rell
as in hbul&luring. In general.
1ne surfac€ should exnibil
clntinuily of posnio., tangenl
v{tor ard curyalure lr should
also be fne of *trdeous bumps
.r *igglesr a quality dnectly
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rclaied to uNeted iniletion

A surtife ixfleton wN ar a
ponn whee th. sultac mss its
tlngst l)le€. 'l'hcE aE *v.El
difteEni neasuG! oi a surface
curuatw ,nd while ea.h .an h.
osetul, oo sinSlc lrpe of .walsre
delets a.ll po$ible slrtace
ME.]!es Thdr n ir nfbr
n*essr, ro crlculare *letul
type of srfec cwarw lo
oblaia s accumrc impession of

Al y giv€n poinl on !
pc.amelric slrfre, i.e , surf.c
of the fom r-r(x, x,r, it is po$ibh
lo calculale a uil normal veulor.

rY = !6nial dsrililive or (') wj$

/ = tanial deivalivo of (.) wnn

lf . pl@ Mtaining th. nomal h
roralcd abo lne oomal. Ihc
inreEections ofdis plee anb $c
surlhce r€s nl dn inlinil{
numbcr of secrion curv.s eeh of
whi.h ..urd hr!. 5 dirTeeqt Y,h.
lb! lh. cnn.ruE ar tne point
ft* d te Butuall,
pcryendiclte l@lioB .f thc
nomal dmE {h.@ Ihc cwanue
is a nr inuh and . mini6um.
Thlse cu!v.t(.s lolues e

& AppD(h To 3D surtie cu duE

6'u.h )'a1,. tr ) -^.
ld'tr, *tt'

E'leE: n(,,,)= fi6t derivetiw

a'{,,,)- scoid dnilat'le or'

The mE\ifluh lrincipal cBaluc

r^ &,: ^h =-7,4-.
ald &e minitnnn pdncip.l

Sioilarly, thc m6ximw 6dius ot

(,.*)',1n- - X;,
md the mninud mdius of

.x"i =1.,, trhile ,t Fprescnrs

The c!u$i&. av@gc and
sbsolule cutultuFs d€ deincd as:
o-Gausian euNaMe=K,J.h,
and ,=Avooge (I,leaD) cwalue

= ) lii-. + /(* I ed Ab$lutc

(l^.--ahe = l{"" t+ l(* I .

lrioary cuvature n defined as
cuwarurc in rhe diEctiou of
consiant (r), {hik sconddy
otrBlm is d.lincd a cuvsrur.
in dE diEcfion of @ffia (e).
(^ rfe u. Principal
c@atuEs ar a 8i!cn poinr

Methods of disphyine cw.rurc
iEbde {l) tr@ral vd(ots.
cnatoDr li r md cr:nr Nodi.l

tig.(l). (2)

,(,. rl = (r'rr')/,'v'l 0)
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vdoN c& i.didc $. rDrf&e
ou alurc by a led8h poponioml
io tE 6diN olcwal!re. Coatour
li*s inchde reftr.nce pl,n !da
sries !f equally spac.d plan.s
peallcl ro it. Thc int 

^ccrio! 
ol

tldr pl&es vitt ltE slrface
erulls irr pland cwes otr riE
sudace, These cu es ce oid n)
dclediniig lhe slrl&e lqtaes,
c.8. saddle Fids +Fe, a poses
.nd mdima and minima apperr
as eDcircl.d. DisplariDg culvatuE
variarion s color raiarion B ued
as a solu in $hich rlE mininu
cwalw vahd con8ponds 1o

orc €d of lle color sl-YcriuD 8nd
th. naimm cw.lur !al@ ro
lhe olher end oi rhe speclNm,
wilh a li!e{ dislribution in
b.twa. Cdr chege .cpNs.Is
B Deeol chs8e in c!frarurei i.c
q losdi lDic coloi scde.(4)

Cun.rff. Disrributlon:
Figue (2) EpEsils E flodel
co6aud.d usioS B-splie
foEulation. The cuNa$E lalues
ol $e sulic shown i, Fis.(3)
whi.h epr6mts 3D .u alure
diskibulion oflhe lato surl.c..
Th. iomd ro a $d.ce ar { poinl
is lhe dnedion p.4,mdiculd. lo n.
'0i. surfre @mals ac iE*d o
i bicubic ft ol das in -UZ spam
(5). For cach v. .x, diisooal
v.cto6 d. comPded and .Ged
lo foft the nomal. Sufa.e
nomats .r. locd inlom.rio.
aboui iurfac.. so they va5 wi$ e
r posidon. SEf&c chaEctciia-
lion by lsing nonndl vccrors to
lind 5 suitabL sgD.brarion nll
gmeale a Cl, Econstlucdon, is

An Appmmh Td rl) surae cunatur

slotrn in Fig-(4). Nomal ploi
Eprcscnls 3 sPeciiied numhr ol
quilk lepesenling the ,omals on
dE s!d&e. The nomal quillplor
is a valusble Iool in d.tecliog a

surfae s shap. prcElc chdg6, $

Fi$.(6) ro (8) sho{ the cwaiu.
disrib{ion using GAlssian
Cwanre, M@ Cwaiw and
Abeturc CruvlrE rcap.cliwly.
All fir@s itr lhis lapq 8eneded
uing Matlab prolrmming
legu8. bed on dr fomulG
de$ b.d in scclion 2 in thi!

cun.rurc Rol. iD Mmuf.*

surf&e cwatur pla),s. k y Dl.
in selatinga curiins 6iz. to avoid
gauging in CAM syst m. Tool
siz. @i be sclecred nom ih.
cliiical cuNlluc. Minihun
cuFnlu. radius equaB l Scsl
lml Ediu, ii8.(9) r€pcsnG
conrou Mp of t@l ndiG
disrdbution fiapped on ihc
suhce model, (fo. lhk sufeq
thc caLularion twimm iool
6di$ 1o eachirr sElee is equal
ro l0). Cuivatue ddysis
p.orid* euidaE. lor e NC
prcglanming in choosing cuter
dih.nsions tu scueclile milliig

A sulfu aichorory is. pdnidon
of a sLrface inro duee q?es of
reeio s: conv.x, .onc.r. ed
saddl( shaFs The abilir) ol
ricnoromi& s.dlpr{ed suaaoes
into h.s. Eeions is essenliil Io
n'e us.ofballrcs $d .'xr6 o
milling lrtr &d suriaccs. Also.
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Bgions wi$ matl cunaruE ce
bc accuraielr nile,j tssrer with
lager blll cnd cuue6, Tool
.h&ges should lE mininized
beause they ae rime-consueins
opeladors. such rjininiaLion
cu, b. achleved b, sDbdividine
ure s {ac. nxo Eaions u I
dif*€nl .uvarue b;urns. eactr
of rvhich mey be nilted Bins
t@h ap opiate ,o rhat resion.
Using ine ficnoto,ny opcr.tor,
conlex regions within sulle.s
ctu be delc.iec @d nilted i!
doE eflicidt My ed with d

Resulls.nd DiscDssioD:

Froo ilr cu,atuE disriburion ot
lskPn suaAe, erch rcgron mry!&rt rhe loltosina prcoem.
whjch ma, neb 10 oaluac

1. If fie region has a saddte
shape, drn on. of rhe
prircipal cuNatues is
positive ad drc oth* is

2, lI the ECio, is convex
borh principat .!w.?ures

l. lf ln. Egioi G coneave
bolh pn@iFl c@atles

r .he srl&e is a sdde at
(,,y), lhen p.inciplr cun€rures
have dillercnt signs so th.
eagnilude of flce clpature is
.oi a usetut measue of seh a
boud. In tne exrrone condnion
sLe! lbe surface is nri ral,
mcdn .onatue =0 re!.rdte$ .r
thc surfaG me{ ?;,r1 rhe
i.srilude of Ga!$io .ur,-,,rm

Ai A9pDr.i To l! ru a.c ClMiurc

ctu al$ be ine,Iective. llEEfoE,
n€ither cuNatua nor avffiee
cwalur. bt nself co! poyide
sujfrcient shale infonaton for
subdivision ud,/.r .iliciert NC
aFplicarions Gaurid ed heatr
curva$res de_ in g.nent, baricr
tha! +soloE cus,atue nr
dei€cling small egioB of uev€n
curalee. Radius of cuNatuo.e
be use! ro pedom 1ool radnB
eap, ris{9), ol Lhe sudace by
calculatins fie r.axinum Ddius
.I tne lool thar can be used to
maclrne the surfdce Tbis is an
lorortei lool lor deleminnrs
$tother llrc surfacc c& be olf*;
by a paflicular &dius, or for
delemin g the 

'naximum 
ndius

by which tle slrface can bc

It ha been obscrved rral atl t*er
melhods of cwal@ &Elvsis crn
be used rL v$ualiJ 'qualnl
(onnmatron ol rhe scLlprured
surf,cE I ucal \urfrce cu^atuc is
us.d to bodnd ihe size of rhe

Graphical dGplay of .urvalw
values ce be uselui lo indicate
rnor cutline deas $hi(l! rouiE
mud,fiqhoi ui de m hi;hs
pn,g,3ni, beside r-h(.al!uliuon ot
rlrc vcltrc ol culer.rze eqtriEd

l. S.idenb.rg !Rj .,Surtace

Curvatu. Analrsis Using
Color"i Vlsu,iiz.lion 9:
Coit.rence IEEL ClrnFute,
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!-ip. (l l: Unit uond rcclor ro the suface.
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FiE(21 Smpic {traAce frodcr.
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F,ts (jl !ria(c cunar ff plor.
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lr sr.lr surlalc nrmaLploi.

Fig.(j): r_o!6al plor s qdlls.
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Fis tb) C1u5si LtrNarure a\ lonrour rnap.

l:ig (7). Mear CudatuE s contour sap,
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Fig 18r. Absolure Cudaru,e rv onrorhap

contour maji of rool Rdius dhrrbD&rnIir(q).




