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questions in the course of this research and without him, my work was something else. I'm
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discussions about the gradient projection and null-space methods.
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"The reasonable man adapts himself to the world; the unreasonable one persists to
adapt the world to himself. Therefore all progress depends on the unreasonable

man (George Bernard Shaw 1856—1950)”
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"We build too many walls and not enough bridges (Isaac Newton 1645-1727)"

" Science requires both observation and comprehension. Without observation
there are no facts to be comprehended; without comprehension science is mere
documentation. The basis for comprehension is theory, and the language of the~

oretical science is mathematics (William Ockham 1?88—1:’)48)”
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“Willard Gibbs (1839-1903)

%Johannes Diderik van der Waals (1837—1923)
'* John Werner Cahn (1927-present)

"' John Hilliard

""Density functional theory

""Internal energy
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”Although nature commences with reason and ends in experience it is necessary
for us to do the opposite, that is to commence with experience and from this to
proceed to investigate the reason (Leonardo da Vinci 1452-1519)"

G sy el 53 Al slexsl 3l ol L) e IS Sy sl (Sodu, okl (5l s
ool oLl Ol LT aiks s a7 5 5 o Jamin amdad & oo bl 5 JSKSI 3 (0di5) Ol (5l 3LsH alaines
5 5 L Jas 53 LEL lss s oS e 4 el ol )l (o i ISl 3L e sleal )
A Vb in 55 L o3l i JISTE 5 Y geme 0055 (686 ol 53 g Joo (S05 5SS (slgs s
JS8 Lph e Jeole Sod 5 (ail by pes il sl s Gloslur i GLeISE oS5 51 Y game AT 0l 058 0
Sy S pae 31 S 18] sl (laandins Sl sl Ol cpl 53 das oo OLES 1) 4 dis J sl JIKSN 51 (g5luas
D o g A Al b o anlad 4 0l LA B g o ia SO (IS AR s 8 LTI sl 1)
O s ssles 3,8 53 UL 355e 5 0 i anlad 1 a5 ol 0L 53 Gl Sy diS
V1] IS8 3 o3l 0135 03,5 51 oo o) &0 B e ) Sble (Sla wsn RIS igen 5 anlad 3l wdis
0055 038 ol (b oS0 sl (e 4055 55 ) S 05 038 o (b el o 358 a5 L
258 SB (5 5h g 4455 03,8 sl 5 JS8 20,8 (65 ey axdad 0 s sl 1B g 55
el o o3l roled ‘_}i_'z): Solad sk dllus ol 5580 wdis 5 Shas falS el oS
s do 3 axkad 55 0 leBl LSLEN e 3lezil 1 Gy 47358 plal (5 vy b (618 IS5 e 1D
3phg Bl ey ol @ bspe e 5o elie L laJoddly s ke ol Gl AL el el i

MM\?JJJA&LM)@MWQ?\JLML};J»J}»& Q&)\d)\.b{: [ES Y .[\/V AN A Y VA «VA]

v



oG

VW] s 05,5 5 085 bz I3 20 Y JS

2= (= (=

IV (i) s (b c(as) 057 o3 o b 03,5 ) 35 ool e b 03,87 2 YY JS2

S Slabad o gty Sy Slabad 5l S 3550 55 IS sy 10101 2 B (IS i Sl el pte )
et Bl e 53 BB SIS ol U (sl ansd 4 (6,108 a5 3l exlial 35ty o873 ,15 5 55 1Sl
ol (Sae G5 (S L B el b S3U 5 Sy Slalad o gty cladad I 5 555 5
SR by SR O3k Yeme lalsd g5 ool LB 1555 il Sl DLl 51 L o3 LS L
sy ankad JH1s 55 2H15Se i 3 LB Ce 6 3 Dlsdel OlB e 2lse 2l oo ) s e
SealS S 5 g gl Ol oo cdBL Hlay 5 VL SO5H Il culS 3 Olde a5 (635080 53 pioman Al
45 50080 ol £ B9 ST S a5 il 0 5d Ol anlad e 5ol SUAST 5 b 51 oL ) AL e

1ol Jooes pelans 5 pxs - sha )
sl 51 S Al ankas sleasl 0los 5 255 b il b 455 sleasl Oloj i colis bzl Ol
sl ot cankad slazsl Ol (i 2 051 b [@] Al e iz 05 Sl eslinl sk ol 6l g,
Ve candad oo o 5l o)l anad ks Jsie e = EMZ i03b o M 0T (wlin Jsie oy b
«HB Sl ol ml G duly 5 ks o s Ap o pd e plasl O el JUil o udan &
oo (o 25) sk ol iz 096 5 eslisnad b (U8 i B35 55 - Adlge B sl (glos 5 anlad
P VY 350 (Mg capdiS pwdkin Jgde a5 5 55 0 Ol (6 gb 4dis slul 5 Ko e 5 0l Ol ankad
Syge 05 My = 1.2 M :(35L andad slaxil ol V/0 550 4058 sleasl Ole) L) AL andad ok J 5o
VB omdin BT 35 g0 s 5 0l s Solis pundin SIS L 1 e andad o) Y goms sy olas
A EME @i Ol Vsame (LN Ja) L)l oy sl o QL) g o 3T 50 5 5,8

YA



IS e et 31 (63185 i Jiko [P Y] S5 1013 51,5 ooy 3550 5] ol 31 Jms 5shas 53

s e OLas 1y eale cwds

Shape Modulus
10085 Cooled area Base uncooled
Sphere N
i 4 D
b I\. .-'. ?.l
L 7
Cube '_—’ E
o] 3 H
Cylinder HID
_ = [ 1
Sl 10 et 2
] 5
aD in
1.5 —_— —
H 16 14
Y 2 2 g
= o = 5 ]
> I-'l
Infinite plate i = A g
e -
v & £
F - D
LRz g

LAV] owir ool 51 (lns pndin Jsde VY IS

)M‘w}f@‘b‘ﬁd\ﬁ?w‘)bJﬁ'jﬁ&?‘iﬂﬁ:}&}ﬁf‘}d}}b-\fb@& Jlfu\.uv}o- Y
wdis candad .>Lo.>,d\¢r>4§l>.jj\ Aab S8 ‘C"'LA S5 O 5w e LB ) s syl ge S 5
e 31 oS i L3 oS0 gl b e RalS Ol oS i 0355 Sl g 358 o slesl s
\)gangw@@w;\amuu:@gmw S o g |y andad a5 5,55 OLSel adis 095 5 4250
AEL e Ol 5 LB SOsd ol g g ankd ‘@JUGJQIGB wds a3l NS sk asl e candis asil
B u..dj«d?::_j DMW ﬂ)‘ JNM J&Z‘L&th.bﬂ gs'hJ)L' 6‘J46.~:v}356ﬁ>u.¢ G\JA)‘L?J:)J
V¥ o yd \/o,ks@tw)\wp@mw\&u@m 2330 dle Ol gy L clodl &1y (glawls (5L IB 5 ) 50
v»J}‘Jo- ‘Jﬁca\bgmabéﬁu\ﬁywﬁaﬁ J\:abd\fu\.)ww»upu\ MJJ;| Sl Lo s

tol g oy by 3l S (510 Y

«

Vi =

Ve

e —«

536 jskilen das s oli |y Jslbe slaadis 31 (goldas a3l 5 slemil o500 Slod sk @ Jss

505 (o b i (sys0,a0 Lol 55 Ledas oo S se ol (S0 el slse il ealinal (ol Laseie JSS

¥4



Laadis ol Lol 5bsy glradss gl 558 b auns) Gladis Sl eslicwl 4050 s o2l sleds 5
AL L b ool B8 el gt e b 0T (Sl mlans b B s 5 anda Jslas ol 53 Y gens
BIU-CI SV e L@;T_;ujsck.”w,>u>.,;\qu&\f,; ol JSLa dalom dtin g 67 558 b (555
IS 5ol 3 S Olse 4 50 Bt sleasl OLL Bl sl b apdis )50 S L3 5 ol S0 sl
i ol 53 el pplcde 58 5 58 5 5, laardis Ol jen ealioad 31 OSGT - B el p3Y 1 b
r&;pﬂéugx‘: W o.L&Léaﬁ;L«gd\;\):uL}J:}udme@ﬂqf@bj G oS ol g
DMiay andad 53 sleail 47353 0 ST o) i)y 40dis 3 Shas ol by 505 558 slawdis gl 1 wdis
3301 oa35b 5 0l slazsl Hlas 35 558 wdis 355 e ol 43 S ol ol il 05,8 L iy s LU

S dal g Sl 350 d 1 eS e BB laas 4 s

149, 10% / /
0 / 67%
40% /

20%

-

LAN] adis Oleily Laal531 55 ole lge 3l aslizl 315 0T m35b 5 slazeil o goss s andis s S5 56 0¥ Y Ko

T (g 5 gl St b 0 Lgadl DS p s slesl g 2y 38 1 ey Gl s ¥
Spin Juad (6551 (38 Slgphde 5o mla 5 dalam (G305 (bl calid oy el sladl agr &
o Sl oS ale a5 o0 J S St Jamd oy o3l LS b 5 St uad (55,00 503 S S
Sl L) I Sl ez 4 s 5150 355 il glo S s 4 5 0le w0 (3 LE a8
0555 (38 L) AL o soe LS55 & e o (ol alsl b oS 358 S Jaab gl 55 (0 Jo- ga38
e Ml (Salussodea 5 (G358 el ge 53 5 JShne Sl Jaad 4 (o3l 5L IS sk A dal 5 ankad
53 el @5V el by Bl o Ole 3 BT les ol 5 sy el S50 (63585 5L sl 5o ST ol sl o 5
o Soabus gy HLE foliy fele aBl wdls 55y SIS o300 4 Loy ol ankab-apdis Sl Olde e
3005 ke sl (Ba) ol & Sl )R diS s el Sl )55 s 5 BUSTHLES DM 5
Olios Jaus 55 (6315 (o s SliolaT (IS8 el o gl 23515 Wb sl 83 b (65 5nlS (5l i 40 LS
SN L plaadas gl slusoble doold o) (3L s SLislell (pl 55 o8 ol o plowl Cakise

sl S5 Slayolde Aol 51 ool aslsl 3 il 03 g Calides (5 S wbuy Jaul b s Ladete wdia

'Feeding distance



() Sl a3 0 5 sddln 5 93 ST (Las M) oS slecrdl aals b (63 5 gaSLIT sl 2 S 5k
JSCE Slasin ladas (gl 1 [A]] 5,8 o3l del B ol 510150 (sl anle (5LedB 53 ¢ Sacdn; Lol 5 s 5
3500 2l ol & 3 gows 0150 2 sly Ol abiols T slinss & (031 583 i &0 5,8 )
(051 58558 calbed & (2,8 Cond) JKS Glals Slalad (5155 5586l il o 485 (Sl sl 51 2T
95 Silad sy dles pl el 2/5T 5500 WSLIT & Kol (61 55 olesl 31 .l L2alS 1/5T I &
L) A 36 s Ol 5 gn (551985 0 31 g 03Uzl b 457 ol T8 84 3l 0k 03l (L33 o] I
slazol 5ol andas U515 bl )3 oguas oledl Sobol Sl Bl5 e (1085 e cpiamen 305 [0l530 1)

g anzl e [AV] 8 Jead b [A4]] V4 Jeod 4 i s (6l S i 5080 3 anked Cilises (slgand

T[] U2 ol amis adas (g gl 315 ol s alol Saled (0¥ S

(M s b 53 n Sl 35050 51 S5 (G tandal slasdl 4wl B axkad b w05 3 B3 0
LLoyl a8 35 plil (ggmty b 0di 058 (Hb Al tandd 4 0 JLal s tadis 035 H1b
Gl al 53 & ggun (51 505 (Gamw 31 259 L andad slazsl QLU B andad b a0dis 0553 553 g0 Ol 5 50
35 3l slame Jale 55 cpl o (I3l ol Y oy el o llan 05 05 8 waie o alS capdis

58 a5 1 e lanas Ol 6

)‘J’; a:bi:w:\ s)j»W§Jf¢$9) L;L.h.l}b)b LS\ abjlmf)})a.f ;JLM: r..@)"gkﬁyb).} wa:;;s J‘J.Iﬁ J}ﬁo‘

o Yseme s gem w a8 el |y VJLNLS:IL&B W5 Legy) Wl el Jseal ol 5 eslial ol =2 5,8
w.xfn,sﬁ%;;fwﬂu;ﬁf@ﬂjscwuwu,g@f@,d,u_;‘.;wjfwj@,\f\,b&:,;\
e 4 T 51l Uns 5 m 432 ol 03,576l 5 bl 28 b w2 5 55 50 Ol ol s
&l > &G,ﬁbwdﬂ slul Jals LJJK‘JA)\JE Cal3b 5,50 5 o M andad 31 a8 51 s Slayadis
ankad slaxsl ooy oAd 5 oY gb Cel el b;hx)@iﬁw.sbg\ Ods 555 mamen )l I B auis 2als s
S5l cuaS rals sl 3 g Ledoldar codd Julisl 5 jllas; 0dd Sl s Eel Ll g o Al ol 558 0

s 2le e

0)



£ o
SIS 485 (s gy 1 ols 1 (90

"With fame I become more and more stupid, which of course is a very common

phenomenon (All)ert Einstein 1879—1955)”
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"The true sign of intelligence is not knowledge but imagination (Isaac Newton

1645--1727)"

”Imagination is more important than knowledge. For knowledge islimited, wheras
imagination embraces the entire world, stimulating progress, giving birth to evo-

lution (Albert Einstein 1879—1955)"
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"The book of nature is written in mathematical language (Galileo Galilei 1564-1642)"

"While other sciences search for the rules that God has chosen for the Universe,
Mathematicianssearch for the rules that even God has to obey (Jean-Pierre Serre

1996—p1esent)”
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( argmin,, JE(w) = 5 Jp, [min(g(x,w),0)]” dx, subject to:
pw)iw) L = V- (k(w)V0) in [0,7]xD
p) = wPpet (1— uP)pm in [0.7] %D
é(w) = wpce + (1 —wP)ep, in [0,7] xD
(RPS) ﬁ = L+ L (1 — wP) %n [0,T] x D
0(t,x) = wPo,+ (1 — wP)f, in {t=0}xD
w(x)= 0 on [0,7] x 0D
k(W)VO-n= ha(0— 6,) on [0,T] x D
0<wg 1
fan wdx < RgVan in [0, T]
Jp, wdx = RV in (0,7
3,8 03Ul (RPR) alows &0 by o Sk b i 5 53 25 5 31 0l 50 LT Sl g
R 1 .~ 2
JHw) = 5 [mm(g( w),0)]” dx
(X¥%.%)
1 X N D
5 / /C min(g )] dx dt, g¢(x,w)= [% —gc} 5, (60 —04)
P s 03 5 e (RPF) dles (78] alasly 51 eslial
arg min,, J(w) = fo Ip. [ min(§(x, w), 0)]2 dx dt, subject to:
pw)i(w) L = V- (k(w)V0) in [0,7) %D
p(w) = wPp.+ (1 —wP)pp, in [0,7] xD
é(w) = wpc6 + (1 —wP)e, in [0,7] xD
(RP) T iR = (1 — wP) %n [0,T] x D
0(t,x) = wp0 + ( —wP)é, in {t=0}xD
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0w 1
fan wdx < RgnVin in [0, T]
Jp, wdx =" RV in [0,7]
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Flzien) < max f(zi )+ (g di)x.x. (¥4.9)

:.U.JDL;cMbwﬁj@\)hw):QTwl#»Sw\&\P\wa.L&mk}5E(0,1)4.1:%\)0:>\).>
mo=0 and for k>0: 0<mg <min{mgp_1+1,M}
J}‘M‘j}ﬂ)r:“ﬂ)jg\&b (GPCBB) °J-~;J:'j-a:’d%‘bdl;’3\ﬁu;j)°ML§)L~”@}WWL§~L—'C¢>&§;’)3

Algorithm 1 (GPCBB):
Parameters:
e ¢ € [0,00), error tolerance.
e § € (0,1), descent parameter used in Armijo line search.

n € (0, 1), decay factor for stepsize in Armijo line search.

Qmins Omaz € (0, 00), safeguarding interval for BB stepsize.
Initialization:
e k =0,zy = starting guess, and f"; = f(zo).
Main Loop: While |Pp(z;, — g1] — Zk||cc > €
1. Choose &y, € [min, ¥maz)-

2. Compute di, = Pplzi — argy,] — zk.

3. Choose f] such that f(z;) < fi < max{f]_,, f{"**} and f] < f;"** infinitely often,
where ;" = max{f(zy—;) : 0 < i < min(k, M —1)}.

4. Let f% be either f{ or min{ff, fme*}.
5. Nonmonotone line search:

5.1, If f(zg + di) < fB+ 6 (g, di)x x then By = 1.
5.2. Else B = 1/, where j > 0 is the smallest integer such that f(z;, + n’/d;) < fF +
1776 (8, di) x,x-
6. SetxXg1 =X + Ordiyand k =k + 1.

End Main Loop.

o S 535 [l = [(Rp) 1550 ot g gt 53 A3 g S b e sl o S cpl s ff bk
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Algorithm 2 (FR):

RO. If £ = 0, choose parameters: A > L > 0, v1,7 > 1, and A > 0; initialize a = [ = 0 and
min __ gfmaxmin _ £r __ f£r __
0" =fo = fo = fZ1 = fo.

R1. Update f; as follows:

R1.1. Ifl = L, then setl = 0, and

mal‘mzn f axr f”Ylln
= 17 if W Z V1,
T =
e otherwise.

R1.2. Else If a > A, then set

g L g A8 e > frana g >
fi_, otherwise.
R1.3. Elseset f] = f;_;.
R2. Set f% as follows in step 4 of Algorithm 1 (GPCBB):

R2.1. If j = 0 (the first iterate in a CBB cycle) then ff = 17
R2.2. Else (j > 0) ff = min{fy, fme*}

R3. If 5 = 1 in Algorithm 1 (GPCBB) thena = a + 1, Else (8 < 1) a = 0.

R4 If fri1 < i min_ A then set fm”mm = fit" = fyry1and I = 0; Else set | = [ + 1,

ol ylads 30 | oennl 0l o3lizinl B, = 13188 ol I s lads 510 0y lad @ ool ff, = f(xk)‘;wiuw\,;
=5 e Sl e 3Sle fI19T sl al 2l A > 0 ke 4 Gua ml & el (b AT 1 1SS sl
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Algorithm 3 (CBB):

SO. If £k = 0 choose &y € [min, ¥maz| and a parameter # < 1 near 1; set j = 0 and flag=1. If
k > 0 set flag=0.

S1. 0 < |dki| < a|gr;| for some i (component of vector) then set flag = 1.
S2. If B, = 1 in Algorithm 1 (GPCBB) then set j=j+1; Else (5, < 1) set flag =1.
S3. If j = m or flag=1 or (sy, y;.)x,x/|Iskll2/lyx/l2 > 6 then:

S3.1. If (s, ¥,) x,x < O then
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"No great discovery was ever made without a bold guess (Isaac Newton 1645-1727)"

"Aman may imagine things that are false, but he can only understand things that
are true, for if the things be false, the apprehension of them is not understanding

(Isaac Newton 1643-1727)"
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Optimal Design of Feeding System in Steel Castings

Abstract:

In the present study, the optimal design of feeding system in steel sand-mold castings is considered.
The first part of this research includes fundamental studies on the physics of shrinkage defect formation
during the casting process. The results of these studies lead to new findings on the mechanism of
shrinkage defect formation, effect of melt quality on the distribution of defects within the castings
and the connection between shrinkage and gases defects. The theoretical analysis of thermal criterion
functions for the prediction of shrinkage defects in castings and introducing new criterion function with
fewer shortcomings can be accounted as the other finding of this part. A new model was introduced in
the second part of this research for the purpose of optimal design of feeding system in the shape casting
processes. In this model the optimal design problem is formulated as a point-wise constrained topology
optimization problem. Unlike alternative methods, the presented method does not require any pre-
designed feeding system as an initial guess. Using the functional analysis on the infinite-dimensional
function spaces, a numerically efficient method was introduced to solve the optimal design problem
in this study. By using extensive numerical experiments, capabilities and limitations of the presented

method were studied in the last part of this research.

Keywords: Optimal design of feeding system, Point-wise constrained topology optimization, Ther-

mal criterion functions, Niyama criterion, Shrinkage defects prediction, Tensile strength of liquids.
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