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dakTHyecKkoe 3HaueHHe OTHOcUTeNbHOW oOpbiBHOCTH 10,1 00p/T, pacueTHoe 3HaueHHe
11,7 obp/T.

3. Ilepuon Hapa®otku Meramaokopra 2x0,30UT: 31.01.2018-30.03.2018. Cpennue
3HAUEHUS MEXAHWYECKUX CBOMCTB TOHKOW IMPOBOJIOKM, MOJyuyeHHble U3 20 pe3ynbTaToB
UCTIBITAHUH Ha Pa3pblB TOHKOH MPOBOJIOKM B TEUYEHHUE MEPHUOJA M3TOTOBJIEHUS M/KOpAa:
E =184742 Mlla, o, =3628 Mlla, 6=2,55 %, o6bem Boimycka N = 22,096 1, ckopocTh

TOHKOTr0 BojoueHus 5 m/c, g, = 2,19, cranp 80. dakTHueckoe 3HAYEHUE OTHOCUTEIBHOM

o0OpsiBHOCTH 24,75 00p/T, pacueTHoe 3HaueHue 23,87 o0Op/T.

CpaBHUTEbHAS XapaKTEPUCTUKA PACUYCTHBIX U (HAKTHYCCKUX BEIHYUH OTHOCHUTEIIb-
HOH O6pBIBHOCTI/I MOKa3bIBACT HA JOCTATOYHYIO aICKBATHOCTb HOJ'Iy‘-ICHHOfI 3aBUCUMOCTH,
TI03BOJISIOIIYO €€ MCIOIb30BaTh B MPOU3BOICTBEHHBIX YCIOBHSIX.
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This work summarizes the findings of multi-objective optimization of a gravity sand-
cast steel part for which an increase of casting yield via riser optimization was considered.
This was accomplished by coupling a casting simulation software package with an
optimization module [1]—[3]. The benefits of this approach, recently adopted in the foundry
industry worldwide and based on fully automated computer optimization, were
demonstrated. First, analyses of filling and solidification of the original casting design
were conducted in the standard simulation environment to determine potential flaws and
inadequacies. Based on the initial assessment, the gating system was redesigned and
the chills rearranged to improve the solidification pattern. After these two cases were
evaluated, the adequate optimization targets and constraints were defined. One multi-
objective optimization case with conflicting objectives was considered in which
minimization of the riser volume together with minimization of shrinkage porosity and
limitation of centerline porosity were performed.

Metalcasting process simulation is used to provide detailed information about mold
filling, solidification and solid state cooling, as well as, information about the local
microstructure, non-uniform distribution of mechanical properties and subsequently
residual stress and distortion build-up.1-9 Casting simulation tries to use physically
realistic models without overtaxing the computer. At the same time the simulations need to
give applicable results in the shortest time possible. Unfortunately, numerical simulations
can only test one “state”, while conclusions from calculations or subsequent optimization
still require an engineer’s interpretation and decision after each of the simulation runs.
Understanding the process enables a foundry engineer to make decisions that can affect
both the part and the rigging to improve the final quality.

The objectives which drive designers are generally well defined: improve
the component quality, achieve homogeneous mechanical characteristics, maximize
the casting yield, increase the production rates, etc. It may sound easy, but the truth is that
in reality it is very complex and time consuming to achieve all these objectives at the same
time, due to the high number of variables involved. In many foundries, the only applied
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optimization is still based on experience and thus on the trial-and-error method. When
using numerical simulation, only a virtual casting is spoiled, in the case of an error. No raw
material is wasted, no mould is produced and, above all, no production loss is experienced.

Recently, rapid development of high performance computing has substantially
shortened the calculation time needed for one variant of the casting process to be analyzed.
It is feasible to calculate numerous versions and layouts in almost unlimited configurations
over night. The advantage of having such short calculation times can only be utilized with
a computer that can automatically analyze calculated variants with respect to the
predefined objectives (e. g. maximum feeding, low porosity, low air entrapment etc.) and
subsequently create new variants and analyze them in the same manner to achieve
the optimal solution.

This paper details multi-objective optimization of filling and solidification patterns,
together with the riser volume of a steel forging ram (Fig. 1) cast into a furan sand mould,
and presents the results obtained from the study.

Fig. 1. Design space with the highlighted Pareto set

Before the optimization process can be started, a standard project must be defined in
the simulation software environment. This includes a definition of geometry in the pre-
processor. Furthermore, a suitable mesh must be generated and all relevant process
parameters adequately defined. The optimization itself is based on performing a large
sequence of “standard” calculations, each with different design variants. Therefore all
design variables must be defined in a parametric way.

A multi-objective optimization problem (Fig. 2) in the gravity sand casting process
of a forging ram is presented. The objectives for this case study are the following:
minimize the top riser volume, minimize shrinkage porosity, and limit centerline porosity,
by means of an optimized arrangement of the chills.

Most engineering design activities require a solution of multi-objective and multi-
disciplinary optimization problems that in many cases deal with conflicting objectives.
When considering these objectives, a number of alternative trade-off solutions, referred to
as Pareto-optimal solutions, have to be evaluated. None of these Pareto designs can be said
to be better than the other without any additional information about the pooblem under
consideration. In order to define the Pareto set, one has to apply the concept of domination,
which allows comparing solutions with multiple objectives (Fig. 3).
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Fig. 3. A study of a multi-objective optimization problem
that has been carried out for a steel forging ram

The manually optimized solution served as a model for optimizing riser and cooler
geometry. In the case of multipurpose optimization, the riser and cooler dimensions were
applied as design variables along with the ranges of variation. In addition, optimization
goals were introduced into the optimizer along with potential constraints, as well as
the number of initial projects and generations in which optimal solutions should be found.
Three different solutions were chosen from the design space. The first option was a humble
approach (relatively large riser), the middle one was still a safe solution, but the riser was
much smaller, and the third solution was a very risky solution with the highest casting
yield. It turned out that all three designs gave different curing patterns compared to
the original design. This was due to the change in the dimensions of the riser and
the rearrangement of the hills. No puddles of residual liquid were found; however, the third
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solution showed some indications of potential problems. In terms of macro and micro
shrinkage in optimized designs, the only areas of concern were the riser head and bottom
pins. The casting appeared to be devoid of porosity. In the end, together with the foundry,
it was decided not to consider the latter solution for production due to the high risk
of production disruption. In other words, taking into account the human factor, the risk
of porosity propagation from the riser to the casting body is too high. Finally, the results
concerning the casting yield showed that, when used correctly, multi-purpose optimization
can significantly increase the casting yield and thus reduce production costs.
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OpmHUM 13 Ba)KHEHINMX COCTABIISIOIINX MPAKTUYECKH BCEX MEXAHU3MOB SIBIISIOTCS TTOI-
HIMITHUKY, U3TOTaBIMBAaeMble U3 MOJIIMITHUKOBBIX MapoK craineil. B craneraBuibHOM Hpo-
U3BOJICTBE OCHOBHBIE SKCIUTyaTallMOHHBIC XAPAKTEPUCTHKH W3ICTUN W3 TMOAIIMITHUKOBBIX
CTasieil oNpeesstoT IEHTPaJIbHAs TOPUCTOCTD, OAYCaI0uHAas JIMKBAIIUS, PAa3BUTHE B 00pa3o-
BaHUEC KapOWHOW JIMKBAIIMA TIPYU TPOM3BOJICTBE HEMpephIBHO JuTON 3arotoBku (HJI3).
J171s1 M3roTOBJICHHUS MOIIIUITHIUKOB HAauOOIIbIIIee PACPOCTPAHEHHE MOMYYHIIa BEICOKOYTIIEPO-
mcTas xpomucTas ctaib (~ 1,05 % yraepona, 0,4-0,5 % xpoma), IperMyIIeCTBEHHO UCTIONb-
3yeMasi BO BCEM MHpe. B MIapUKOMOIIIMITHUKOBBIX CTAIAX CUYUTACTCS HEIOIYCTUMBIM
HaJIMYMe [eHTPALHON MOPUCTOCTHU ¢ OasioM Bbimie 2,0, 9YTO CIYKUT OCHOBaHHEM s 3a0pa-
KOBaHHs BCEX MAPTUI MPYTKOB, COOTBETCTBYIOLIMX KOHTPOJIMpYyeMoMy oOpasily. ITockomnbky
B JJaHHOW cTajii TpeOyeTcsl BhICOKAs OJHOPOAHOCTD (PU3UKO-XUMHUUECKUX CBOWCTB, TO NPH-
CYTCTBHE B HEH JIMKBAIIMOHHBIX JA€()EKTOB TaKKe OrpaHUYMBAETCs, JUKBaIMs ¢ Oauiom 2,0
cuuTaetrcsi HemomycTuMoi. CHibkeHre Oaiia KapOuIHOM HEOAHOPOAHOCTH OCOOEHHO aKTy-
QJIBHO IS [IPOU3BOJICTBA MOIIMITHUKOBOM CTaJIM METOZOM HETIPEPhIBHON PA3TIMBKH.

[{enpto pabOTHI SBISIETCS aHAIM3 MPUMEHEHHS PEKUMOB MSTKOTO 00XKaTusl Ha oOpa-
30BaHUE U Pa3BUTHE KapOUIHOW HEOAHOPOIHOCTH B MPOIIECCE PA3TUBKH MOJIIUITHUKOBON
CTaJIi Ha MalllMHE HENPEPBIBHOTO JINThA 3arotoBku (MHII3).

HenpepbIBHONMNUTHIE 3aTOTOBKH B CPABHEHUH CO CIIMTKOM OTJIHMTHIM B M3JIOKHUILY Xa-
PaKTEPU3YIOTCA MEIKOJACHAPUTHOM CTPYKTYpOil, MEHEE pPa3BUTOM XMUMHUYECKON HEOHO-
POIHOCTBIO, OoJiee paBHOMEPHBIM paclpe/ie]IeHeM HeMETaNTMUeCKUX BKJIIOUEHUH U Tra-
30B. OmgHako mpoOjeMa CTPYKTYPHOH, XHWMHUYECKOH, (U3NYECKOH HEOIHOPOJHOCTH
B 3ar0TOBKaX HEMPEPHIBHOI pa3IUBKU BCE €IIE SABJISETCS OTKPHITHIM BOIPOCOM.



