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cle (b) at the <

/(‘\(‘HHL)[ al points are introducod to tmprove  the
wouracy ot tho approimation, according to various

stratoglos (911

On the othor hand, the second stage of obustnoss

of an optiinization algoritho rosulis from taking tnto
account the problom uncortaintios, which may have a
cratnatic oltoct on the “",bllu,y ol x,ho tound “olumm,
U'his papor prosonts the two doescribed st \;))m:;)
which have boon doveloped i

whore tho mota modol s d\/ w\/d fromn tho \\/lum\/l, (
allows  using  both non g w;\,mm, anc  gracdiont

h\/ cotvenient case

tempolations, i which case the moethod may be
/(,H\/(,\, “hybr \,” as 1L cotublnes the gradicut oltoct
with an ovolx,wi,imm,‘[y algorithu, - Grea <‘Ha>n< are
caloulatod in the Tinlte olomont “o”i\/\/’ o ORI
by the <Uou stato wethod as proson m\ 6], U'his

approach allows taking info ace om tuncortaintios on

optitization parameiors, so pi ovum; A mote tobust
gocithio, “hese a Iwo thins are fin wlly pplicd to a
onchinark forging problom, the two sk >>\/<\ torging
ol a3 spindle,

BN CLIYIA R O P IY AN TTON

“he benchmarke  problom is a simple but
tproseutative two steppod soquence for forging a

spindle from o cylindor (:m

suttace with wospoct to a wioronce value & . 5o, the

ud of torging, Lap o the coloted zone (o) with indtial pretor,

WG RN, itial design ot pretorining tool, parameterization of axisymmetric tool with Bapline tunctions, tesulting tool,

i

fgure 1D, The
ric, I'he socond

I {’or‘rm 1 opstalion s axisy mine
el hu oo is closod m\/ torging with tlash,
\/\/uh m nitial dosign of the proforming dics, a
dosign (:;w Vigure 2oa), the matorial u)ld;; Ovor
during the sccond oporation, as shown in Vigure Lo,
utificd by an unusual

¥

)

This surface dofoct can bo quat
incroase ol the oquivalont strain tate o on the oo
e/ ’

tollowing ob\jwilvo function provides o moasure of
the fold appoarance potontial:

J(») JHJ I, ‘ J ds | di (D

Jio \m,% \
Jree

whoto potopresont the optimivzation pacamotors

dics coufiguration,

\\ —

(/)) I )/1?), The axisymieiric shape ot the
pr' fortning tool I8 paramctorizod with o Bspline

tve (soo Viguee 2) with 2 active parameters o the
<;L>11:;1<;\,&>r\><,\, 1) pl\m tiong, ‘I'he novitable uncortaintios
on the par lw“ should also bo takon into

account for :w;h a problom, fu fact, the objoctive
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