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RESEARCH INTO THE EFFECT OF CERTAIN CHEMICAL ELEMENTS IN
MICROALLOYED STEEL GRADES ON CONCAST SLAB AND ROLLED PLATE
SURFACE QUALITY

O. Isayev, O. Hress, S. Yershov, M.Q. Huang, K.L. Zhang

The State Key Laboratory for Refractories and Metallurgy, Hubei Province Key Laboratory of Systems Science in Metallurgical Process,
International Research Institute for Steel Technology, Wuhan University of Science and Technology, Wuhan 430081, China
e-mail gunung1961@mail.ru

Abstract: Investigators has developed a complex technology of manufacture of high quality skelp and shipbuilding grades and nickel-,
chromium-, molybdenum-, niobium- and vanadium- microalloyed steels with carbon mass fraction within 0.06% to 0.22% and manganese
mass fraction within 1.0% to 1.7%. Over the course of the research, relative occurrence of surface cracks of various morphology —
transverse, longitudinal, spider, net-like — on the concast slab surface has been determined. The above research resulted in the development
of a number of technological innovations both in preparation of liquid steel for casting and in continuous casting itself, preventing initiation
or reducing by 30% — 40% the amount of surface defects on the rolled plates.

KEY WORDS: PERITECTICAL STEEL GRADES, CHEMICAL COMPOSITION, CASTING TECHNOLOGY

Introduction

The experience of prime steel production made it possible to
find out that the surface of a concast slab and consequently that of
plate steel under certain conditions has a number of defects like
cracks of different morphology — cross, longitudinal, net-like and
star cracks.

Experimental
A complex procedure of plate steel production of prime steels
for large diameter gas line pipes, shipbuilding and steel structures of

Table 1. Steel chemical composition

critical application microalloyed with niobium wherein carbon
weight fraction. is in the range of 0.06 to 0.22% and manganese
weight fraction — 1.0 to 1.7% was developed and implemented at
the Iron and Steel Works. Steel was made in 350 t converters and
put to ladle treatment at the metal-refining plants with introduction
of silicocalcium wire. Continuous casting was done at curvilinear
slab concasters into 220...300 x 1550...2100 mm section slabs as to
a worked-out procedure.

Chemical composition of the steel grades studied is shown in
Table 1.

Elements weight fraction, %

Steel grade  Application v Si S S Al Nb v
08MnNb — Skelp 06.0069_ 11'93?5: 06.1355: 0%%(6 orhoazxo 06?02500_ O(i.00240c; O.Ols{io 0%
09Mn2VNb  Skelp S i o 0.006 0,020 5050 Soa  0.050-0070
T T R S
ASTMAST2  Structure 00..1126— 01'%)0_ 06.1355: 0.015 0,020 0(5?0260()_ 06900255 -
S3%5J2G3  Structure Tio 0 om0 0015 0,020 5050 5040 -

* - other elements are in the range specified by standards for residual content

For a more serious study of concast slabs affected with
surface defects, determination of factors conducive to crack
formation process and elaboration of practices aimed at reducing
defect occurrence, surface templates were cut from middle slabs of
5 to 10 heats of the above-mentioned BOF shop current production
steel grades. To reveal surface defects the said templates were put to
hot etching with 50% aqueous solution of hydrochloric acid. The
evaluation of surface quality was done as per the current scales and
procedure of researches institutes. Evaluated were the slab wide
face surfaces corresponding to the smaller and larger concaster radii
(in percentage) and the extent of defect development (severity
evaluation system).

In the course of the study relative affection of the concast slab
with surface cracks was determined. Each typical concast slab
defect, unless revealed and rectified, gets transformed into plate
steel surface defects. Slabs with revealed and identified defects
were selected for rolling to study concast slab surface defects
transformation into plate steel surface defects. Slab rolling was done
at 3600 mm Plate Mill as per conventional procedure of slab
preheating and rolling.

Results and Discussion

Based on the results of rolling slabs having surface defects
transverse cracks 0.5 to 3.0 mm deep as per the folds of the mould
oscillation were found to get transformed depending on the gauge of
plates, into rolling skin of specific appearance — so called “p -
defects” having the depth of penetration of up to 0.03 mm (vide
fig.1). Longitudinal cracks having the depth of 0.5 to 3.5 mm get
transformed into skin spread along rolling direction to a
considerable length resembling so-called “streaks”. Check cracks
0.5 to 3.0 mm deep and star cracks, 3.0 to 10.0 mm deep after
rolling plates look like randomly oriented skins and cracks with
different depth of penetration (vide fig.2).

Metallographic studies revealed certain regularity between
steel product quality indexes and steel chemical composition and,
accordingly, between polymorphous transformations of iron-carbon
alloy with a number of alloying elements being used.
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Fig. 1. Typical slab surface defects.
a— “star” cracks; ; b — netlike cracks; ¢ — transversal cracks; d — longitudinal cracks
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Fig. 2. Transformation of slab defects to rolling plates.
a — netlike cracks; b — rough scab; ¢ — shallow scab (“u ’-defect).
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Carbon content impact

In the course of study observed was an obvious tendency of
crack number increase per unit of area and the degree of their
development with an increase of carbon content in the examined
range of carbon content changes — from 0.07% to 0.21%. The
integral value of the defect-stricken surface of slab of steel grade
08MnNb with carbon content being 0.06 + 0.09% was taken for a
unit of crack formation conventional index. The crack formation
conventional index takes into account both the value of the slab
surface affection with cracks and the crack depth penetration.

Simultaneously it was observed that along with carbon
concentration change from 0.09% to 0.21% surface crack
morphology undergoes certain changes — at carbon weight fraction
being in the range of 0.10 + 0.14% check cracks are prevalent,
while at carbon content being 0.15-0.21% there was a considerable
amount of transverse and star cracks observed along with check
cracks.

Analysis of the Fe-C diagram at carbon weight fraction in
steel being within 0.08 to 0.45% shows presence of 3 principally
different areas of the melt solidification. Comparing the data of the
table and the Fe-C diagram it was noted that steel grades 08MnNb
and 09Mn2VNb solidification takes place in the area where there’s
a transition from &-iron to y-iron in the completely solidified metal.

For steel grades 13Mn1SiNb and ASTMAS72 having 8-y
transition in accordance with the standard interval of carbon content
there’s a provision both for a variant of transition into a completely
solidified metal and for a variant of peritectic transformation from
“d+liquid” to “d+y” at constant temperature. For steel grades
S355J2G3 or St52.3 the following variants of solidification are
possible: “5+liquid” into “3+y” or “d+liquid” into “y+liquid”. Under
such conditions the factors, which usually play unimportant role,
have significant influence on quality indexes of the surface of
metal. To these factors should be referred minor fluctuations of hot
metal level in the mould while casting steel at a concaster,
inessential moisture deviations and deviations of granulometric
slag-forming composition (within the limits stated by normative
documents), technological deviations of casting rate related to
changes of submerged nozzles, tundishes etc.

Based on the results of the study, considering that carbon
weight fraction in steel affects consumer qualities of finished metal
product to a large extend, the Works’ specialists focused their
special attention to such steel grades, that were most susceptible to
defect formation processes. As a result, a whole series of
engineering measures and corrective actions both in the field of
preparation of liquid steel for casting and directly at concasting of
steel were worked out to avoid or to reduce essentially defect
formation processes essentially.

Manganese content impact

It was established that, fraction of surface defects had steady
tendency to increase with growth of manganese weight fraction in
steel, which was confirmed with essentially greater number of
defects on the surface of steel 13MnilSiNb and 13MnlSi
(manganese content up to 1.6%) in comparison with steel grade
ASTM A572 (manganese content up to 1.0%). It was found, that
with increase of manganese weight fraction in steel in 0.05% in the
range of 1.2% to 1.8% of manganese content defect-stricken surface
of the concast billet increased approximately in the same value
according to linear dependence. In addition, it was found that most
unfavorable conditions of billet skin formation in the mould at
casting steel are observed for the grades, whose solidification was
possible under various variants so-called peritectic steel grades —
13Mn1SiNb and S355J2G3.

Aluminum and nitrogen content impact

The impact of such elements as aluminum and nitrogen was
put to the study too. As a result of these elements emission at grain
boundaries in the form of aluminum nitride ALN metal ductility in
the temperature interval of embrittlement while casting steel of
peritectic type decreased. It promotes the formation of small-sized

longitudinal cracks at the temperature of slab surface of 700-900°C,
that corresponds to the area of a billet unbending at the concaster
secondary cooling zone (curvilinear area), where slab crust is put to
considerable fluctuating load. As a result of transformation of this
type of defects at rolling, shallow skins were formed, which are
situated mostly at side area at a distance of up to 300 mm from the
plate edge. Based on the results of the study it was stated, that
minimal propagation of longitudinal cracks was formed at nitride
content less than 0.006% and aluminum weight fraction in the range
of 0.029-0.032%.

Impact of impurities of nonferrous metal

Taking into account, that peritectic steels are susceptible to
crack formation initially rather topical question is the issue of rating
of impact of impurities of nonferrous metals on quality of concast
slab and plate products. It is generally known that residual
impurities of nonferrous metals have a harmful effect on the quality
of cast and rolled metal. At the analysis of effect of impurities of
nonferrous metals on quality indices an essential influence of the
increased concentrations of nonferrous metals was marked on: 1)
formation of the rough cross cracks in some cases resulting in
destruction of slabs; 2) formation of cracks perpendicular to a wide
side or narrow and face sides of a slab; 3) increase of a rejecting of
plate steel regarding surface defects of steelmaking and the defects
revealed with the ultrasonic control (presence of internal cracks in
the center line area of a sheet).

A thorough investigation and analysis of the manufacturing
method of the slabs, undergone to destruction was carried out: 1) in
the slab yard of the BOF shop; 2) during transportation or transfer;
3) at reheating in the furnace before rolling; 4) during rolling.

It is necessary to note, that the fact of slabs destruction at a
rough cross crack occurs rather seldom. So, a number of the
destroyed slabs at all stages (conversions) in the last years came to
5.5 cases / 100 thousand of slabs. It was noted, that exclusively
manganese steel microalloyed with niobium or steel fully alloyed
with niobium and vanadium, first of all steel grades: St52.3 under
DIN 17100 or S355J2G3 under EN 10025 (about 90%) were
susceptible to destruction.

The formed crack in overwhelming number of cases passes all
over the dendritic-web areas. In the area of a break small-sized
stress cracks depart from the basic crack. Microfractographic study
was carried out on a focused-beam electronic microscope REMMA -
202M and to show, that destruction of samples basically was
characterized by fragile destruction of grain boundaries. It
confirmed the statement about embrittlement at grains boundaries
due to nonferrous impurities.

According to the carried out studies determined were the
maximum permissible impurities concentrations: for lead — 0.0003—
0.0004%, for antimony — 0.0003%, for tin — 0.0005-0.0006%, for
zinc — 0.0020-0.0030%. It was established, that the degree of effect
on increase of crack sensibility decreases in the following order
«antimony-lead- tin-zinc». Based on this, the empirical formula
determining the given total limiting concentration of impurity of
nonferrous metals, not rendering visible deterioration of properties
of cast and rolled metal of manganese steels with carbon content
0.17-0.22% is offered: Cy = %Sb + 0,75%Pb + 0,5%Sn + 0,1%Zn
< 0,0012, where C is the given total concentration of nonferrous
metals in finished steel.

At excess of the given “threshold” value expansive growth of
deterioration continuous cast slabs — occurrence of rough transverse
cracks on the surface of narrow and wide sides of an billet, face
cracks perpendicular to wide sides is observed. In most critical
cases (for steels with carbon content in the range of 0.18-0.21% of
78 and manganese more than 0.01%) destruction of slabs or
presence of a main cross through-the-thickness transverse crack of
plate steel is observed.

“Threshold” value C,, increases with simultaneous decrease of
the carbon and manganese content. During studies it is marked, that
for steel with the carbon content in the range of 0.17-0.21% at
increase by carbon in 0.01% “threshold” value of the given factor
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C,, should be decreased by 0.0004%. At excess of “threshold
“values” C,, for steels with carbon content in the range of 0.10—
0.11% and manganese more than 1.6% or with carbon content 0.14—
0.16% and manganese in the range of 1.0-1.2% face cracks
perpendicular to wide sides at the worst are observed.

Hydrogen impact

Not less essential effect on quality of a surface of concast slab
is rendered by availability of the dissolved hydrogen in steel.
Change of a heat sink from a mold wall to a solidified billet skin is
the factor resulting in formation of the above-mentioned net-like
check and star cracks. This assumption is confirmed by calculation
of the amount of hydrogen releasing at steel solidification and its
getting into the hit in a liquid layer of slag at the copper wall of a
mould.

It’s from the known published sources that the data for the
equilibrium value of hydrogen solubility in liquid steel was taken to
be within the limits of 26 ppm near the liquid point and within 8
ppm near the solidus in solid 3-iron. The thickness and length of a
liquid slag interlayer was taken for calculations to be respectively
2-3 mm and 600-700 mm, a reference value of hydrogen
concentration in solid steel over equilibrium concentration to be 4
ppm. For case of short periods of time it’s possible to assume that
up to 2 ppm of hydrogen are released from the solid shell of an
billet into the liquid interlayer of slag. Taking into account low
sorption ability of slag on the basis of and the initial moisture
content in the mix to be within 0.4 — 0.5% it is pertinent to make the
assumption that hydrogen released from steel forms bubbles
floating up to the surface of slag. The greatest possible amount of
the released hydrogen in the way of bubbles is comparable to the
volume of the whole liquid interlayer of slag. Simultaneously
nonuniform hydrogen allocation along the perimeter of billet can be
the additional factor that breaks a uniformity of a heat-conducting
path and accordingly results in initiation of concast billet surface
defects both on wide and narrow sides of billet.

Development of corrective actions

Taking into consideration that a fracture of total mass of a
number of elements contained in steel is defining the consumer
properties of finished steel products, particular attention was paid to
those steel grades that are to the utmost susceptible to the defect
forming process. In the course of work several technological
innovations were generated both in the field of liquid steel
preparation for casting and directly in the process of continuous
casting thus allowing to avoid or essentially minimize negative
affect of the unstable processes of crystallization and solidification.
A number of measures were worked out at several Works to
significantly improve slab surface quality. In case of possible
change in steel chemical analysis, not contradicting the regulatory
documents, the content of carbon was changed towards
minimization.

Several technological measures were suggested for steels with
strict specification of chemical composition (in particular, by
carbon content): 1) use of recycled low sulphur scrap only in steel
melting and primary aluminum for steel deoxidation; 2)
optimization of the granulometric composition of slag-forming
mixtures for concasting of steel and in a number of cases use slag-
forming mixtures of the molten base for the purpose of improving
the slag-forming process on the surface of melt in the mould and
conditions of heat abstraction between the mould wall and the slab
crust; 3) application of special “mild” secondary cooling mode to
melt slab steel grades 13Mnl1Si and 13MniSiNb to decrease
thermal stress in the solidifying rim of the slab; 4) slow cooling
slabs of steel grade S355Nb slabs including cooling in boxes to
reduce internal macro stresses in cast steel.

Found that changing of the heat sink conditions under
unsteady casting conditions has negative effect on solidification of
steel undergoing peritectic transformation. In that case unsteady
solidification process facilitates extension of lap depth and crack
initiation of different morphology — transverse, netlike and spider

cracks — on the billet surface. Increasing of mixture viscosity due to
mixture temperature reduction at metal mirror and billet surface
results in slag pulling into billet subsurface layer. Reduction or full
stoppage of metal feeding to the mold during transient process leads
to almost complete liquidation of compelled upflows in steel and
facilitates nonmetallic inclusions entanglement among growing
dendrite axis from the direction of CCP minor radius. Reduction of
slag layer temperature and billet temperature is a reason of
saturation of liquid slag layer with the bubbles of hydrogen
escaping from billet and heat sink abrupt change at local points.
Reduction of billet surface temperature in unbending zone towards
brittleness temperature interval is a reason of initiation or
propagation of surface cracks originated in the crystallization zone
both on the narrow and broad billet edges.

Essential increasing of concast slabs rejection due to surface
defects and downgrading of rolled plates manufactured from the
slabs cast under irregular condition is a confirmation of the above
mentioned negative factors effect. Rejection of the slabs cast under
transient condition due to surface defects is 1.5 — 2 times more than
that during casting under stabilized condition. For example, “pipe”
defect is detected only under transient condition. At the same time
plate downgrading due to the defects discovered with the help of
ultrasonic testing, according to 2™ — 3" class of SEL 072 standard
and similar to it, increases 3 — 5 times more. Rolled metal
downgrading due to the skins and slag impurities is increasing 2 — 3
times more.

Casting process under irregular condition increases essentially
hazard of off-optimum and emergency situations at the CCP. As
example of such negative influence is increasing of billet skin
sticking index and bleeding index under the mould. Sticking and
bleeding index while casting of the first slab’s meter after nozzle
exchange is 20 — 30 times more, while casting of the second — third
meter is 15 — 20 times more than while casting under stabilized
condition. Each case of casting under irregular condition leads to a
great amount of technological crops such as teeming arrests, both
top and ground scraps, scrap in the form of metal remains in tundish
while tundish exchange or the termination of the casting process.

One of the possible solutions of the question of casting speed
and temperature stabilization is decreasing of transient conditions
quantity. It permits to increase the average casting speed to obtain
the reduction of crop and metal quality improvement.

Most of the transient conditions, such as submerged nozzles
replacement and tundish replacement, finishing of the casting
process are related with limited life time of the casting refractory
materials such as stopper rod, no swirl nozzle and submerged
nozzle. Increasing of refractory components resistance and, hence,
the number of heats a series is one of the important conditions of
concast billet quality improvement.

With the purpose to reduce the rate of defects in a concast
slab, the usage of rational by chemical composition refractory
materials, with more than 1.2% manganese mass fraction, for steel
casting was introduced at some Iron and Steel Works. Mullite-
graphite submerged nozzles were selected as having higher
mechanical wear resistance and low sensitivity to manganese
interaction. The usage of stopper rod monoblock units and argon
blowing of the no swirl nozzle at the rate 0.1 — 0.2 m®/hr, which
prevents inclusion deposition on work surfaces was suggested for
the purpose of steel castability improvement and decrease of non-
regular conditions during casting.

More difficult question was a selection of optimal casting
refractory materials for casting of ordinary peritectic steels, such as
carbon and manganese steel with up to 1.2% Mn content. While
casting steel of this type, it is possible to use both quartz submerged
nozzles less sensitive to the process of alumina particles deposition
on refractory work surfaces and high strength mullite-graphitic
submerged nozzles. Three different types of casting refractory
complete sets were used for comparative experiments: 1) option 1 —
jointed stopper rod, biceramic no swirl nozzle and quartz
submerged nozzle with steel silicocalcium treatment of the most
important steel grades at argon stirring plant; 2) option 2 — jointed
stopper rod rod, periclase-graphite nonswirl nozzle and quartz
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submerged nozzle with steel silicocalcium treatment of all grades at
argon stirring plant; 3) option 3 — stopper rod monoblock unit,
periclase-graphite or corundum-graphite no swirl nozzle and
mullite-graphite submerged nozzle with steel silicocalcium
treatment for all grades at argon stirring plant;

200-300 heats of ordinary carbon grades or low alloy steel
grades with manganese content up to 1.2% were made for each

Table 2. Casting technological parameters

option. The process waste quantity during casting (scrap, crop),
casting process stability (stopper rod “no closing”, metal
penetration into the gap between the no swirl nozzle and the stopper
rod, choking of submerged nozzle channel, concast billet and rolled
plate quality were evaluated. The main parameters of steel casting
process and technological waste quantity are given in Table 2.

Position

Parameters, conventional index

Production option

1 2 3
1 Tundish, heat life time 1 106 156
2 Nozzles life time 1 187 6.40
3 Casts in unstable conditions 1 063 0.16
4 Stopper rod pair faults 1 070 0.06
5 Crops 1 085 0.65
6 Scrap 1 076 0.72
7 Slab rejection due “gas blister” defect 1 056 0.44

The usage of high strength casting refractories together with
steel silicocalcium treatment of all grades is fully reasonable.

As the result of the testing, we recommended to abandon the
usage of biceramic no swirl nozzles and to use periclase-graphite or
corundum-graphite nonswirl nozzles, which have mechanical
erosion resistance and are insensitive to alumina deposition on
working surfaces. Additionally, with the purpose of abatement of
alumina particles deposition, it is recommended to treat all low-
carbon steels with silicocalcium core wire. In this process, complex
fusible combinations of calcium and aluminum oxides that do not
deposit on refractory surface are formed.

All the measures developed and represented in this paper
allowed to reduce essentially the quantity of transient casting
conditions and off-optimum situations in slab casting.

Introduction of the above research results in casting of carbon
and manganese steels of peritectic grades with manganese content
up to 1.2% allowed: 1) to increase tundish life time 1.4 — 1.5 times;
2) to increase submerged nozzle life time 3.5 — 6; 3) to decrease 10
— 15 times the number of stopper rod pairs and submerged nozzle
faults; 4) to decrease the technological waste quantity 13 — 15
times; 5) to decrease 1.3 — 2.3 times slab downgrading due to “gas
blister” defect; 6) to decrease 2.1 times plates downgrading due to
steelmaking defects.

Research results of unsteady steel

conditions influence

The unsteady casting condition impact on concast billets and
rolled plates internal and surface defects initiation and propagation
are studied. It is demonstrated that concast slabs rejection due to
surface defects and rolled plates downgrading due to steelmaking
defects and defects indicated by ultrasonic testing essentially
increase under unsteady conditions, the probability of non-regular
and emergency situations (specifically, concast billet sticking)
occurrence increases substantially.

Technological actions that facilitate stabilization of casting
speed and temperature by reduction of solidification transient
conditions are recommended: reduction of submerged nozzles
replacements and increasing of tundish and number of heats in a
series.

Usage of optimal refractories with the aim to reduce the
possibility of transient conditions occurrence in continuous casting
is suggested. This method implies the usage of mullite-graphite

casting

stopper rod monoblock units with stopper rod channel argon
blowing, periclase-graphite or corundum-graphite no swirl nozzles
and mullite-graphite submerged nozzles. The usage of refractories
proposed allows to reduce occurrence of unsteady conditions and
their negative impact on the complex indicators of concast slab and
rolled plates quality.
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EFFECTS OF BISMUTH ON THE MATRIX STRUCTURE OF DUCTILE IRON
CASTINGS

Prof. Glavas Z. PhD.%, Assoc. Prof. Strkalj A. PhD.!
University of Zagreb, Faculty of Metallurgy, Sisak, Croatia *

E-mail: glavaszo@simet.hr, strkalj@simet.hr

Abstract: This paper deals with the effects of the addition of 0.00031, 0.00064, 0.001 and 0.0042 wt.% Bi on the matrix structure of
ductile iron castings consisting of 7 sections of different thicknesses (3, 12, 25, 38, 50, 75 and 100 mm) and contain low content of Si (2.11
wt.%) and pearlite promoting element (0.018 wt.% Cu, 0.0055 wt.% Sn, 0.00041 wt.% Sb, 0.098 wt.% Mn). The Bi contents of 0.00031,
0.00064 and 0.001 wt.% were not significantly affected the share of ferrite and pearlite in the section thicknesses of 12, 25, 38, 50, 75 and
100 mm compared to the casting which does not contain Bi. In all these sections the share of pearlite was increased and the share of ferrite
was decreased by the addition of 0.0042 wt.% Bi. All of the above-mentioned Bi contents were resulted in the formation of iron carbides in
the section thickness of 3 mm. The share of carbides increases with increasing Bi content.

Keywords: DUCTILE IRON, BISMUTH, MATRIX STRUCTURE

1. Introduction

Ductile iron, as well as gray and compacted graphite iron is a
member of the family of graphitic cast irons. Because of the
spherical (nodular) shape of graphite particles, ductile iron has
significantly better tensile properties and toughness than gray and
compacted graphite iron. Its properties enable it to be used in the
production of motor vehicles, cast pipes and various construction
components.

Microstructural features determine the mechanical properties of
ductile iron. Nodule count, the share and shape of non-spherical
(non-nodular) graphite particles and especially the share of ferrite
and pearlite in the metallic matrix have a key effect [1 — 8].

The chemical composition is one of the most important factors
influencing the structure of the metallic matrix [1 - 3]. Other
important factors are the cooling rate of the casting after the
solidification and nodule count and their distribution [1, 2, 9, 10].

It is well known that Bi can have a detrimental and beneficial
effect on the morphology of graphite particles and nodule count in
ductile iron, which depends on its content and the presence of other
elements. Studies [11, 12] have shown that the Bi content of only
0.006 wt.% can completely prevent the formation of nodular
graphite in a 25 mm thick ductile iron casting. However, very small
Bi content can increase the nodule count [13 - 17]. In addition, the
appropriate amount of Bi can prevent detrimental effect of rare
earth (RE) elements on the graphite morphology in the thick-walled
ductile iron castings and at the same time increase the nodule count
[13, 18 - 22].

On the other hand, very little information exists about the effect
of different content of Bi on a metallic matrix of ductile iron. From
the pearlitic influence factor (P,) [20, 23]:

P, = 3.0 (Wt.% Mn) — 2.65 (Wt.% Si — 2.0) + 7.75 (Wt.% Cu) +
90 (Wt.% Sn) + 357 (Wt.% Pb) + 333 (Wt.% Bi) + 20.1 (Wt.% As) +
9.60 (Wt.% Cr) + 71,7 (Wt.% Sb) (1)

it can be concluded that Bi is a powerful pearlite promoting
element. However, the content of the other elements, the nodule
count, and the cooling rate of the casting after the solidification
should also be taken into account. This paper explored the influence
of various additions of Bi on the structure of the metallic matrix in
ductile iron casting that contains a low content of ferrite-promoting
elements and pearlite-promoting elements and has segments of
different thicknesses, from thin to thick.

2. Experimental

In a medium-frequency coreless induction furnace, steel scrap
(with a share of 20 wt.%), ductile iron returns (with a share of 30
wt.%) and special low-manganese pig iron (with a share of 50
wt.%) were melted to produce base melt. Preconditioner with the
following chemical composition: 0.6 to 1.9 wt.% Ca, 3 to 5 wt.%
Al, 3to 5 wt.% Zr and 63 to 69 wt.% Si was added to base metal in
an amount of 0.1 wt.%.

The wire filled with FeSiMg treatment alloy containing 42 wt.%
Si, 29 wt.% Mg, 0.5 wt.% Ce, 0.2 wt.% La, 1.4 wt.% Ca and 0.9
wt.% Al was added to the base melt in the ladle in order to perform
nodularization. Inoculant containing 67 to 72 wt.% Si, 2.2 wt.% Ba,
1.9 wt.% Al and 1.5 wt.% Ca was also added to the ladle in the
amount of 0.6 wt.% to perform the first stage of inoculation.

Five test stepped castings (TSC) was produced by pouring the
ductile iron melt into green sand molds. The shape and dimensions
of test stepped castings are shown in Figure 1. The second stage of
inoculation was performed by addition of 0.2 wt.% of the inoculant
containing 0.75 to 1.25 wt.% Ca, 0.75 to 1.25 wt.% Al, 1.5to 2
wt.% Ce and 70 to 76 wt.% Si in the ductile iron melt stream during
pouring into the molds. Bi was not added to the TSC 1. Pure Bi
(99.99 wt.% Bi) was added to the ductile iron melt stream during
casting of the TSC 2, TSC 3, TSC 4 and TSC 5. Table 1 shows the
targeted Bi contents.

Top view
E S0mm | S0mm | S0mm | S0mm | 50 mm 75 mm 100 mm
S Sanemfras foam
=
=
425 mm
W Samples for microstructure analysis 100

mim
75

Side view mm

Fig. 1 The shape and dimensions of test stepped castings.

Table 1: Targeted Bi contents in test stepped castings.

Test stepped castings Targeted Bi contents,
(TSC) wt. %
TSC1 -
TSC 2 0.00025
TSC3 0.0005
TSC4 0.001
TSC5 0.005
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A sample of the ductile iron was taken a few moments before
pouring the melt into molds to determine the content of C, Si, Mn,
Mg, S, P, Cu, Ni, Cr, Mo, V and W by optical emission
spectrometry (OES). Inductively coupled plasma mass spectroscopy
(ICP-MS) was used to determine the contents of Bi, Sb, Sn, Nb, Pb,
As and Ti in test stepped castings. Samples for this analysis were
taken from test stepped castings.

Samples for microstructure analysis on a light metallographic
microscope equipped with a digital camera and the image analysis
system were taken from each test stepped castings according to
Figure 1.

3. Results and discussion

The chemical compositions of the test stepped castings are
given in Table 2.

Table 2: Chemical composition of test stepped castings.

Test stepped Chemical composition

castings Elements Bi, Py*

(TSC) wt.%
3.550 wt.% C, 2.110 wt.%

TsC1 Si, 0.048 wt.% Mg, 0.035 0.000011 | 1.14

wt.% P, 0.012 wt.% S,
TSC 2 0.098 wt.% Mn, 0.018 0.00031 | 1.24
wt.% Cu, 0.016 wt.% Ni,

0.029 wt.% Cr, 0.002 wt.%

TSC3 Mo, 0.01 Wt.% V. 0.0015 0.00064 | 1.35
wt.% W, 0.00041 wt.% Sbh,

TSC4 0.0055 wt.% Sn, 0.0169 0.001 1.47
wt.% Ti, 0.0039 wt.% Nb,
0.00052 wt.% Pb, 0.00015

TSC5 W% As 0.0042 | 2.53

* P, - pearlitic influence factor (defined by the Eq. [1])

There are no significant differences between the targeted and
actual Bi contents. In order to highlight the influence of Bi, the
contents of ferrite-promoting elements (Si), pearlite-promoting
elements (Cu, Sh, Sn, Mn, Pb, As) and carbide-forming element
(Cr, V, Mo, W, Nb) are set to be low to minimize their effects on
the microstructure of test stepped castings.

The cooling rate, i.e. wall thickness and Bi content influenced
the structure of the metal matrix of the examined test stepped
castings (Table 3, Figures 2 and 3).

95 . 0.00064 wt.% Bi
=0-0.0042 wt.% Bi

100
=4—0.000011 wt.% Bi ~8-0.00031 wt.% Bi
=i=(.001 wt.% Bi

90
85
80
75
70
65
60
55

Share of ferrite in metallic matrix, %

12 25 38 50 75 100
Wall thickness, mm

(5]

Fig. 2 Influence of wall thickness and Bi content on share of ferrite
in the metallic matrix of test stepped castings.

In all test stepped castings, decreasing the cooling rate, i.e.
increasing the wall thickness from 3 to 100 mm resulted in an
increase in the share of ferrite in the metallic matrix. Slower cooling
after solidification facilitates the diffusion of the carbon atom from
austenite to the graphite nodules. This results in greater removal of
carbon from the austenite, which enables transformation of
austenite into ferrite.

Table 3: The share of ferrite and pearlite in the metallic matrix of
test stepped castings.

Test Wall The The
stepped Bi, . share of | share of
- thickness, - g
castings wt.% mm ferrite, pearlite,
(TSC) % %
3 67.05 32.95
12 78.87 21.13
25 80.47 19.53
TSC1 0.000011 38 84.04 15.96
50 86.57 13.43
75 85.66 14.34
100 88.08 11.92
3 Iron carbides
12 68,28 31,72
25 82,93 17,07
TSC 2 0.00031 38 85,75 14,25
50 87,83 12,17
75 84,40 15,60
100 94,87 5,13
3 Iron carbides
12 77,76 22,24
25 87,87 12,13
TSC 3 0.00064 38 85,81 14,19
50 88,27 11,73
75 87,67 12,33
100 94,10 5,90
3 Iron carbides
12 75,35 24,65
25 84,88 15,12
TSC 4 0.001 38 83,46 16,54
50 88,40 11,60
75 87,26 12,74
100 85,98 14,02
3 Iron carbides
12 57,73 42,27
25 58,99 41,01
TSC5 0.0042 38 63,03 36,97
50 72,64 27,36
75 72,59 27,41
100 71,77 28,23

0.000011 wt.% Bi 000031 wi.% Bi 000064 wi.% Bi
T -

0.001 wi.% Bi
S by bl Yt |

ek

0.0042 wi.% Bi
Fiel 3

e e, e :
Fig. 3 Microstructures of the wall thicknesses of 3, 12, 25, 38, 50, 75 and
100 mm in test stepped castings (etched in Nital).
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The data in Table 2 for TSC 1, TSC 2, TSC 3 and TSC 4 show
that Bi contents of 0.00031, 0.00064 and 0.001 wt.% were not
significantly affect the share of ferrite and pearlite in the walls
thicknesses of 12, 25, 38, 50, 75 and 100 mm. However, the
addition of 0.0042 wt.% Bi (TSC 5) resulted in a significant
decrease of the share of ferrite in these walls compared to TSC 1
where Bi was not added. This clearly shows that Bi promotes the
formation of pearlite.

The optical micrographs in Figure 3 show the presence of iron
carbides in a 3 mm thick wall in test stepped castings containing
0.00031, 0.00064, 0.001 and 0.0042 wt.% Bi (TSC 2 — TSC 5). The
share of carbides increases with increasing Bi content. Since the
wall thickness of 3 mm in TSC 1 does not contain carbides, it is
obvious that the Bi promotes the formation of carbides in thin walls,
especially when the Si content is low.

Figure 3 shows that a proper addition of Bi can improve the
morphology of graphite particles and increase the nodule count and
nodularity. As the wall thickness increases, these positive effects
become more and more pronounced [17].

4. Conclusion

The obtained results show that Bi promotes pearlite formation.
In the ductile iron which contains a low content of ferritising
elements, the Bi increases the share of pearlite in thin, medium-
thick and thick walls. Pearlitic influence factor (P,) is a good
indicator of the effect of Bi on a metal matrix of ductile iron.

From the results of this research it can be concluded that Bi,
even in very small contents, promotes the formation of iron carbides
in thin sections. The share of iron carbide in microstructure of thin
sections increases with increasing Bi content. However, Bi can have
a positive effect on graphite morphology, nodule count and
nodularity, especially in thicker sections, if added in the proper
amount.
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Abstract: The evaluation of ductile cast iron is common foundry practice. For the correct non-destructive
evaluation (NDE) of mechanical properties (ultimate tensile strength; relative lengthening; Brinell’s hardness; elasticity
modulus) by means ultrasonic testing and inverse regression analysis are used.
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1. Introduction

The ultrasonic testing of the mechanical properties
of ductile cast iron [1,2,3] is a common practice in M+C
HYDRAULIC.

There are methods of regression analysis are used.
In literature there are dependencies between the structural
characteristics of the cast iron (F; P; NG) and its mechanical

properties (E;v; Ng: R, HB), where (F;P;N.) are
appropriate F,% - quantity of ferrite and P,% - quantity of
perlite in the metal matrix, NG ,% - nodular graphite contain;
R, - ultimate tensile strength; A, - relative elongation; HB —

Brinell’s hardness; (E;V) - elasticity modulus. The
following dependencies are considered [4-11]

w (Ev)=WV,V);

@ Ng=nlv,)

@) R,=r+tnV.: Rm:ﬂ.\/LZ.HB;
@ A=A2+A"V A =a(MV'/HB)";
5) HB=h, +hV,,

where (\/L ;VT) are velocities of longitudinal and transversal
ultrasonic waves [8,11]. The coefficients in (2)-(5)
Vo707 A AD 2 M hy by subject  to
determination and depend on the casting technology and the

type of graphite in the casting. The dependencies (2) to (5)
are regressions models from type

©  (Ng;R,iA)=F(v ;HB)

In regression analysis [12] the basic principle is "
(F;P;G) defines by (Ng; R, ; A;; HB)”, where (F;P;N) -
microstructure  characteristics of,(NG; R A HB) -

mechanical properties for ductile cast iron. In this sense,
dependencies (2) to (5) are incorrectly. The correct approach
is

(M Vo =¥(Ng;Ry; A HB),

where (F;P;G)=V,. In this article the models with one
predictor X :;((NG;Rm; A HB) and order n are
considered [12]

are

11

8) V. =D B X".
K =0

The condition for choice, at X = 1, of order m, is

R? — max , where R? is coefficient of determination.
Table 1.

RZ
R?=R*(m=1)
R*(m=2) ~(1.05+1.10)R?
R®(m=34,5) ~ (1.06+1.13).R’

The regression matrix is
badly determined.

If m=1, then the values of R?are relatively low. Ifm =2
, then the values of R? are rises with ~ (5 +10)%. If

m = 3;4:5, then the values of R? are rises ~ (1+3)% and

efforts to calculate it are not justified. If m>6, then the
regression matrix is badly determined and calculations are
not made.

Therefore, the optimal choice of the model (8) is

one predictor X <:>(NG;Rm;A5;HB), and model order
m=2.

2. Relations for ductile cast iron

2.1. Deterministic dependencies
In the theory of elasticity [10,11] is obtained (9)

1-v E

where the elasticity modulus E;V respectively are Young’s
modulus and Poison’s coefficient, density of ductile cast iron
- p,kg/m?®. The deterministic dependence (9) is reduced to

1) E=M®W)V/,
where
M) =p &EA-2v) | 05-(; VD)

(l_V) - l_(VT /VL)Z
For most ductile cast iron, the reference values for v are
v €(0.23+0.28) . In fact, for ductile cast iron, Poisson's

coefficient changes to a very narrow boundary. By means
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reference values med(v)=0.25, p=7.31kg/m*, M =
6.092 is obtain. Therefore, the dependence (10) is reduced to

(11) E=6V/.

2.2. Stochastic dependencies

According the experimental data, for ductile cast
iron, from M+C HYDRAULIC a polynomial models of (8)
are considered

2
(12) V=D B X",
K=0

where X =(Ng;R,; A;HB), (ﬁo;ﬂl;ﬂz) subject to

determination. It are direct regression problems.
The inverse regression problems are determine the

confidence intervals (X L Xg ) when V| is measured. The
equations for (X Ui Xg ) are [12]

a3 F X e)+V, =0,

where

NG L
X(XL;R):LS-F*1(XL;R_X)Z} - zﬂKXLK;R’
n Sxx K=0

of measures—n, S, =(nN-1).5 ,(.t, S, Y) by means Excel,
MS Office are obtain.
The equations (13) are non-linear regarding XL;R

and solved by the Newton’s method using a ZEROIN
algorithm [11], on-line C ++ compiler, at a specified root
spacing. The ZEROIN algorithm is resistant and fast
approaching.

number

3. Equipment

Image Analyzer Buehler Omnimet, Digital
Ultrasonic Flaw Detector Sitescan 150S, Tensile machine
Testometric F300, Hardness tester TIII- 2M.

4. Experiment
Ten samples were made with varying percentages
and graphite morphology and mechanical properties. They

were determined for them (NG;Rm;AS;HB) and

(\/L ;VT). Morphology of graphite (NG) was determined
with a Buehler Omnimet image analyzer at an 8x image
magnification. The mechanical properties (Rm; A; HB) are

determined by mechanical testing. The velocities (\/L ;VT),
Fig.1., according ASTM E 494:2015 are calculated.

Piezo plate with X — cut
for longitudinal waves

with velocity V|

(2] (2)

Piezo plate with Y — cut
for transversal waves

with velocity V;

(b)

Fig.1. Ultrasonic L-waves (a) and T-waves (b)
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5. Inverse regression tasks
5.1, Polynomial models

According the experimental data, for ductile cast
iron, confidence intervals(XL; XR), are obtained.

5750
5700
5650
> 5600 , -
5550 T
5500
5450
5400
5350

y =0,0962x? - 9,4206x + 5696,2
R=94%

40 60 80 100

Fig.2. (x=Ng,%;y =V,,m/s)

y =0,0382x% - 4,3015x + 301,96
R=97%

260
240
220
s 200
180
160
140

40 60 0 100

Fm&(x:Neﬁay:H&km/mmﬂ

y =-0,002x? + 3,3448x + 4331,4
R=91%

5800
5700
> 5600
5500
5400
5300
5200

350 450 550

X

Fig.4. (x=R,MPa;y =V,,m/s)

650 750

5750
5700
5650

~ 5600
5550
5500
5450
5400
5350

y =46,721x? - 498,14x + 6770,5
R=83%

3 3,5 4

Fig5. (X=A.%;y=V;/s)
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5750
5700
5650
5600
5550
5500
5450
5400
5350

y =-0,0125x? + 8,1332x + 4438,9

R=82% —gi‘

150 200 250

Fig. 6. (x = HB,kgf /mm?;y =V,.m/s)
5.2. Hybrid models

The introduction of hybrid models in the regression
analysis is based on the following assumption. Factor
combinations depend on one predictor [4-11]. For example

F(VV;HB)=A and W(V;HB)=R,. Such an

approach is expected R? will rise. On Fig. 7. and Fig. 8.
specific dependencies are given.

y =0,0253x .
Hybrid model
012 | R=99,9% y
0,11 I3
~ 01 -

0,09 e
0,08 "‘#_‘ (x..x.)
0,07
3 4 5
X

Fig. 7. (X = A, %; y = 6(V2 /HB)""

- 0,7 Hybrid model
50000 | ¥ = 369,04x
R=72% )
45000 ,_%‘r—i—'
40000 et
>
35000
30000
25000
350 450 550 650 750

X

Fig.8. (x=R_,MPa;y =6V .HB)

6. Results

For data from M+C HIDRAULIC Plc the results
of inverse regression analysis in Tables 2 - 8. are given.
When comparing the results of (Fig.2.) and (Fig.3.), it
appears that using the model from (Fig.2.) has less scattering
gives a little narrower boundaries evaluation of Ng , %. In
this sense, the use of the model from (Fig.2.) is slightly better
than the model from (Fig.3.).

Table 3.

A / Polynomial models

95% probability confidence intervals,
(VL 'V ) for NDE of

Ng ,% by V, ,m/s and by HB ,kgf/mm?
Rm, MPa, Ag , %, HB, kgf/mm?* by V, ,m/s

- ofiﬁirt?lce'{i::?rstm (X L ) (X R )
Fig.2. Ne (V,) 64 a1
Fig 3. Ns (HB) =65 | ~80
Fig.4. Rm (v,) ~ 470 ~560
Fig.5. As (V) ~3.6 ~4.4
Fig 6. HB (V) ~ 175 ~213

Median values are V| , m/s =5850; HB,kgf/mm?=194.
Table 4.

B / Hybrid models

95% probability confidence intervals,
(V,_ V; ) for NDE of

A; %, Rm, MPa by W(V, ,m/s; HB kgf/mm?)

- Characteristics (X)) | (Xq)

of ductile cast iron
~3.8 ~4.1

Fig.7. As (V,; HB)

Fig.8. ~ 465 ~595

Rm (V,; HB)
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Median values are V| , m/s =5850; HB,kgf/mm?=194.

7. Conclusion

The paper examined the possibilities and
constructed correct models for assessing the degree of ductile
iron spheronization and mechanical properties
by measuring the velocity of propagation of longitudinal
ultrasonic waves and Brinell hardness. The numerical values
of the coefficients of the models were obtained as well as the
coefficients for their determination. For this purpose, the
respective inverse regression tasks are solved.
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HNCCIEJOBAHUE ITOPUCTOCTHU NECYHAHO-CMOJIAHBIX ®OPM,
IHOJYYEHHBIX ITPU BAPUATUBHOM JIABJIEHUU

RESEARCH OF POROSITY OF SHELL FORMS, MADE WITH A VARIABLE PRESSURE

K.T.H., mpodeccop Kymnukos Bl kT.H., npodeccop Keor Cel n1H., mpodeccop Epemun EZ2 Maructp, nokropant Kopanésa T.2
Kaparanguacknii rocytapcTBeHHBIH TeXHUUeCKUi yHUBepcuTeT, r.Kaparanna, Pecry6mika Kasaxcran
2Omckuit roCyJapCTBEHHBIN TEXHUYECKUI yHUBEpCUTET, I'. OMck, Poccuiickas denepanus
mlpikm@mail.ru, svetlana.1311@mail.ru, sagilit@mail.ru

Abstract: Increase in pressure in the course of formation of a shell form gives the chance a little to increase density of packing of particles.
Comparison of calculation of porosity for the received dependence and a practical curve depending on diameter of grain was carried out. It is
defined that use of non-stationary pressure leads to increase in a share of a time of the radius of 1000 nanometers up to 58%, however further

increase in pressure leads to decrease in the general porosity.

KEYWORDS: HARDNESS, POROSITY, FORM, SAND, PITCH, A COVER, PRESSURE, PULVERBAKELIT

1. Beeoenue

Croco0 monydeHHs OTJIMBKH B IEPBYIO OYepedb BIUSAET Ha
IIepOXOBaTOCTh M Pa3MEPHYI0 TOYHOCTH MOBEPXHOCTH OTIHBOK.
H3roroBneHne OTIMBOK AeTaneil TOPHO-IIAXTHOTO O0OpPYTOBAHHS
TPaANIIMOHHO NTPOU3BOIUTCS B IIeCUaHO-TIMHHUCTBIE popMbl ([TT'D).
Takast TEXHOJIOTHSI UMeeT KaK TOCTOMHCTBA (OTHOCHTEIILHO HH3Kas
CTOMMOCTB), TaK W HEJOCTaTKH (BBICOKas IIEPOXOBATOCTS,
3HAQUUTENIFHOE  NBUICBBIICICHUE  IIPU BBIOUBKE dopm,
HepeBIKEHUN OTPabOTaHHOW CMECH, HU3Kasl ra30IpOHHUIIAeMOCTh
[II'® u3-3a mpUCYTCTBHUSA TIMHBI U BIAard, BEPOSTHOCTH Opaka Io
BuHe (opmbl). B uTOre HEOOXOOMMO HCKATh KAa4eCTBEHHO HOBBIC
CIIOCOOBI H3TOTOBIIEHHS OTJINBOK.

O06050uKoBBIE (OPMBI CO CMOJIOH B Ka4eCTBE CBA3YIOIIECTO
MOTYT HCHONB30BaThCSl NPH IOJTYYCHWH OTIMBOK HINPOKOM
HoMeHKIaTypsl oT 0,2 1o 300 Kr mpu ToJIUHE CTCHOK 3...18 MM
U3 CaMBIX Pa3INYHBIX CIUIaBOB. JINTBEE B 000JIOYKOBBIE (HOPMEI
obecrieynBaeT OOJBIIYI0 TI'€OMETPHYECKYID TOYHOCTb, 4TO
3a49acTyl0 UCKII0YaeT HEOOXOAUMOCTh MEXaHUIECKOH 00pabOTKH.
Taxxe OHU o0mamaroT BBICOKOH MIPOYHOCTHIO u
Ta30MPOHMIIAEMOCTBIO, HE BIMTHIBAIOT BIAry, HE CKIOHHBI K
OCBIIIAEMOCTH ¥ CONPOTHBICHUIO yCagKe, 3aCTHIBAIOIIETO
MeTana.

2. Ilpeonocvinku u cpeocmea O0sa peuieHUs

npoodaemut

IToBbleHne KOIMUYECTBA TOYEK KOHTAKTa MEX]Y YacTHUIIAMHU
CMECH TIPH BO3PACTaHHMH IUIOTHOCTH MX YIAKOBKH OOYCIIOBJIEHO
BIMSHUEM JaBJIECHUS NPECCOBOH IIMTHI, KOTOPYIO IPHIIATaloT K
MECYaHO-CMOJITHOM CMecCH AJIs YIUIOTHEeHus. BHemHss Harpyska
HE00XO0IMMa ISl IPEOIONICHNS CHJI ayTOTE3UH U TPEHHUS, KOTOPEIE
MPETSATCTBYIOT TepepaclpeneNieHHI0 YacTHIl B 0ojiee IUIOTHYIO
ymakoBKy. Yem cuibHee TpeOyeTcs YIUIOTHHTh MaTepHal, TeM
0oJtbIIe TOJDKHA OBITH BEJTMYMHA TPECCOBAHMSL.

VBenuueHue JaBIE€HHS  JJa€T  BO3MOXHOCTb  HEMHOIO
IOBBICUTH IJIOTHOCTh YIaKOBKH YaCTHII. IIpouecc
nepepacrpeiefieHusl YaCTUUEK CMECH, OINpeesieMblil 1elcTBHEM
ONpeaACIACTCSA KaK TPEHUEM, TaK U 3HAYCHUEM CUJI ayTOTE3UHU.
Takum oOpazom, MpU  BO3JEHCTBUM BHEIIHEro JaBJICHHUS
HU3MEHSIOTCA KaKk TPOYHOCTHBIE XapaKTePUCTUKU KaxkJ0TO
OTNIENIBHOTO  KOHTakTa, TaK M KOJMYECTBO U  YIaKOBKa
(hopmoBouHOIT cMecH. OHU ONPEAETSIOTCS (HU3UKO-XHMHUYECKIMU
CBOIfCTBaMH MaTepHaa 4acTHI], a TaKKe OT UX (OPMBI U pa3mepa.

3. Pesynomamut u ouckyccus

OpHuMu u3 OCHOBHBIX CTaJuM, OIPEAEIAOIINX
MaKpOCTPYKTYpY N1€CYaHO-CMOJISTHOM ¢dopmbl, ABJISETCS
IIPECCOBAHUE CMECHU M CIICKaHHE obomouku. Ha JaHHBIX CTaausIX
q)OpMI/IpyIOTCFI Takhe CBOMCTBA Orueynopa, Kak I[OPUCTOCTL H
IIIOTHOCTH q)OpMI)I, KOTOpbIE BO MHOI'OM ONPEACIIAIOT TaKue
BayKHEHIIIE OKCILTyaTalluOHHBIC CBOﬁCTBa, KaK MCXaHHMYCCKas
HNPOYHOCTD, TepMOyCTOﬁ‘IHBOCTL 1 HIEPpOXOBATOCTh IMOBECPXHOCTH.
[TopucrocTs 000704KH SBIISETCA OJHUM W3 OCHOBHBIX IIapaMeTpOB
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CTPYKTYPBI JOPMBI, T.K. ONPEIENACT ero ra3onpoHuIiaeMocTs. Eciu
HCXOJAUTH U3 ITUX COOOPaKeHUi, MOPUCTOCTh OTHEYNOopa JOJDKHA
ObITh MakcHMabHOH. OJTHAKO OYEBUIIHO, YTO IPH OYEHb BBICOKON
HOPHCTOCTH  O0OJIOUKM IajaeT ee HpovHocTb. IlodTomy
HEOOXOOUMO JIOCTHTaTh ONTHUMAaIbHOM IIOPHUCTOCTH, KOTOpas
obecrieurBana OBl C OJHOI CTOPOHBI, TOCTAaTOYHYIO MPOYHOCTH, C
Jpyroi — MO3BoNIMIIA OBl 00ECTICUNTh TEXHOIOTHYECKH TPEeOyeMyto
ra3onpoHMIaeMocTh. Jmsi  BbIOOpa  ONTUMAIBHBIX  PEKHUMOB
W3TOTOBJICHUS OO0OJOYKOBBIX (HOpM HEOOXOAWMO HCCIEI0BATh
BIINSTHUE PEKUMOB TEXHOJIOTUH Ha IOPUCTYIO CTPYKTYPY (POPMBI.

Jlnst n3roToBneHus 000I0YKOBOH (OPMBI M MOTydeHUs] B Hel
OTJIMBKM BAXHBIM HPEJCTaBISIETCS] BO3MOXKHOCTH OIPEAEICHUS
MaTeMaTH4YeCKOil 3aBHCHMOCTH Ta30MPOHUIIAEMOCTH OT YCIOBHHI
HPECCOBAHUS.

HW3BeCTHO, 4TO ra30MpPOHMIACMOCTh JTHCIIEPCHBIX MATEPHAIOB
MOJKHO ONPEJIENUTh, UCIOIb3ys (GOopMyIly, OCHOBAaHHYIO Ha 3aKOHE
¢dunprpanuu Hapeu (1):

_ Qxh 1)
FxApxt
rae K — ra3onpoHUIaeMOCTh;

Q — oObeM Bo3ayxa, MPOXOJIAILIETO 3a BpeMs T yepe3 obpaser ¢
nonepevyHsiM ceyenrneM F u BbicoTOM h mpu mepemane naBieHwit
Ap.

Taxoke W3BECTHO, YTO Ta30MPOHHUIIAEMOCTh (HOPMOBOUHBIX
cMeceit MOKeT OBITH orpezesnieHa Kak [ 1]

S 2
K=g2.__° | 2
96-(1-m)-n
rae d — aumertp 3epHa;
S — Iommaab MPocBeTa MEXAY YaCTHI[AMH B CMECSX;
m — nopucrocts [1CC;
N — AUHaMU4YECCKasd BA3KOCTb rasa.
[pupasuusaem (1) u (2):
Qxh _ , S?
FxApxrt 96-(1-m)-n
Haxozmi S= 96xQxhx(@-m)xn
d*xFxApxt
Onpeneanm mopucToCTs (3):
96xQ x hx 1
Qxhxn @)

dszZxeApxrzl—m

B urore umeem (4):
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d*xS?xFxApxt

96xQxhxn

B pesynbrarte paHee MpOBEACHHBIX wHccieaoBanuid [2-3]
NpEUIOKEH  CIEQYIOIMH TEXHOJOTMYECKUM mpolecc: Mocie
MepeMENINBaHUs NIECYaHO-CMONISHAs CMECh 3achlllalack B OyHKep
MammHbl. [locne mpom3BogWIM ONPOKHIBIBaHHE OyHKepa Co
CMECBhI0 Ha Harperywo a0 230 °c MOZEIBbHYIO IUIUTY C MOJAEISIMHU
paguaTopoB. IIpw 3TOM OJHOBpPEMEHHO Uepe3 IUIMTY II0JaBaloCh
nasienue 0,25 MIIa. Yepes 10 ¢ naBienue cauzmiu o 0,2 MIla, a
temmeparypy 1o 210 °C. Emre wepes 10 ¢ TemmepaTypy Harpesa
nossici g0 0,35 MIla, a Temneparypy o 260 °C. Ilpu stom
¢dopmupoBanace o6onoukoBas popma Tommunoi 10-12 mm. Tlocne
3TOr0 ()OpMBI CHEKAJIHCh B TEUEHHE 2 MHHYT IIPH TeMIeparype
320-340 oc, [Ipunoxxenue Harpys3ku B npotecce
¢opmooOpa3oBaHust ~ O0OJOYKM  MOBBINAET  HE  TOJBKO
MEXaHNYECKHEe CBOWCTBA OOOJIOUKOBOM (OPMBI, HO W YHCTOTY
TIOBEPXHOCTH OTIMBOK U KOJMYECTBO IIPUTApa Ha HUX.

Beito  mpoBeneHo cpaBHEHHME pacdyera IMOPHCTOCTH IO
TOJIy4€HHON 3aBUCUMOCTHU U MPAKTUUECKOW KPUBOM B 3aBUCUMOCTHU
OT AuamMeTpa 3epHa (PUCYHOK 1).

4)

45
X 40
2 351
230
ﬁ' 25 =4~ Teopus
5 20 == DKCNepUMEHT
g 15
§_ 10
c 5
0 T T
0,16 0,2 0,315
[AvameTp 3epHa, MM

Pucynok 1 — 3asucumocms ROpUCmMocniu NecuanHo-CMOISHONU
Gopmubl om eenuyUHbL 0asNeHUst HA POpMY

[To TexHoJOrMU Bech mMepuo] GopMOOOpPa3OBaHKS OOOIOUKH
U3 MeCYaHO-CMOJISTHON cMmecu npoaoinkaercsa 30-60 ¢ U 3aBUCUT OT
BEJIMYMHBI MOJIETI U MOJENBHOW TUTMTHL. Bee 3T0 BpeMs Ha cMmech
BO3ICUCTBYET TEIUIO, HCXOIAIMIee OT MOJENBHOH IUTUTBI U
TTaBIICHHE, TepeaBacMoe IOCPEACTBOM IPECCOBOM KOJOAKH WU
rubkoif auadparMbl (€€ MOXKHO PACHOJNIOKUTH B OYHKepe).
JIOCTHXKCHUIO JIydIIUX TEXHOJOTHMYECKUX MapamMeTpoB (HOpMbI
CIOCOOCTBYET UCIIOJIb30BaHUE BapHUaTHBHOTO JTABJICHUSI.
Hcnons30BaHHas CMECh COCTOsUIAa M3 HAMOJHUTENS — KBapICBBIN
necok — 94,5 %, cesasyrouiee — mynbBepOakenuT — 4,5 %; kepocuH
1 %. OmpeneneHo, 4To BHa4aje MNEIECOOOPa3HO MCIIOIB30BAaTh
0azoBoe mamieHue, cocramBisitoniee mopsaka 0,27 ... 0,36 Mlla,
KOTOpOE BapbHpyeTcs B TEUCHHE BCETO mUKia: cmycTs 9 - 11 ¢ oHO
noumkaercs Ha 0,06 0,08 MIla, mocme, wepe3 18 - 22 ¢
yBenuuuBaercss Ha 0,08 - 0,12 Mlla. B pesynbrate, korza
chopmupoBaack 06ojouka Toimuaoi 10 - 15 MM (3a 5 - 10
CeKYHJ A0 OKOHYAaHHUS LMKJIA) JaBJIeHHE IIeJIecO00pa3HO CHUBUTH
JI0 HYJISL.

BaxHbIM TOKa3aTteneM JHUTEHHBIX (QopM  sSBISETCS HUX
ra3onpoHnAaeMoctb. OYEeBHIHO, YTO MEXKIY Ia30MPOHUAIIAEMOCTHIO
00OJIOYKM ® €€ TOPHCTOCTBI0 CYHIECTBYET OIpeAciIcHHAs
3aBHCUMOCTG. [Ipy 3TOM Ha/l0 MOAYEPKHYTH, YTO B JAHHOM CIIydae
HAJI0 TOBOPUTH HE O MOPHUCTOCTH BOOOIIE, & TOJBKO 00 OTKPBITOM
MOPUCTOCTH, T.K. OYEBHIHO, YTO IPOIECC Ta30MPOHHUIIAEMOCTH
Oyner onpenesnsaThCs TOJNBKO MapaMeTpaMH OTKPBITOM MOPHUCTOCTH.
Taxxe HAaaAO0 OTMETUTH TOT d)aKT, YTO BAXHO 3HATH HE TOJIBKO
KOMMYJISITUBHBI ~ O0BEM  OTKPBITOM  MOPUCTOCTH, HO U
pacripefielieHHe OTKPBITBIX MOp MO pa3MepaM. DTO CBSA3aHO C TEM
00OCTOSITETIhCTBOM, YTO HE BCE OTKPBITHIC TOPHI JOCTYIHBI JUIS
MPOHNKHOBEHUS Ta30B, & TOJBKO IOPBI OMPEICICHHOTO pajiyca.
Jis Bo3myxa 3Ta BEJIMYHHA COCTAaBIsieT okojdo 20 HM, OJHAKO
COCTaB OTXOAALIMX TIa30B IPH CrOpPaHUM MyJlbBepOakenuTa, B
OCHOBHOM TIpe/icTaBieH ()CHOJIOM M aMMHAKOM, IIPU 3aJHUBKe
pacmuiaBa obpasyercs CO u ap. ra3sl. Monekynasl 3THX Ta30B
puMepHO B 3 pasa Gosnbliie, 4eM MOJIEKyJIa KUCJIOpOoaa: HalpuMep,
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pasmep Monekynsl ¢erona 0,8 HM, pasMep MONEKYJIbl KHCIOpona
0,3 um. TTosTomMy ycnoBHO OyzneM CUMTaTh, ZOCTYIIHBIM Pa3MepoM,
mopsl  paauyc KoTopbix mpesbimaer 60 uHM. Kak BugHO 13
NPHUBECHHBIX JAaHHBIX pa3Mep AOCTYIHBIX IOp HE paBeH pa3Mepy
MOJIEKYJEL, T.K. (pakTHIecKu (GUKCHpyeTcs CpeqHuil pa3Mep IOpH,
OpH 5TOM caMa IIopa MOXET HMETh CJI0XKHOE CTPOCHHE THIIa
«OYTBUIKH», T.€. BXOJHOH pa3Mep MOXKET OBITh HIKE, YEM CPEIHHM.
Taxxe Hamo OTMETHTh, YTO IOPHI PaANyC KOTOPBIX IpPEBBIIIAET
1000 MKM SBISIOTCS TOTEHIMAIBHO «OMACHBIMH» MOpaMH, HX
MIPUCYTCTBUE B CTPYKType KpaiiHe HexenartenbHo. Ilopsl paguyca
Oompmie, yem 1000 MKM, CHHXKAIOT HOPOYHOCTH OOOJOUYKH,
YXYIIIAOT KAauyecTBO MOBEPXHOCTH OTJIMBKH, HApyIIAIOT YCIOBUS
paBHOMepHOro TerioooMena [4]. Takum oOpa3zoM, uHTEpec
HpEJICTaBISIET TPYIIA OP, CPEIAHUN pa3Mep KOTOPBIX HAXOIHUTCS B
muanazone 60 - 1000 Bm. Jlns ymoOGctBa 0003HAUMM JTAaHHBIN
JIana3oH cuMBOJIOM A. /laHHBIE apaMeTpsl HOPUCTON CTPYKTYPHI
MOXXHO TIOJ[y9UTH TOJBKO C TIOMOIIBIO METOJa PTYTHOMH
nopomerpuu. MccnenoBaHus pOBOAMIM HA PTYTHOM MOPO3UMETpe
cuctembl PASCAL - 400, KOTOpBIi MO3BOJISIET PETHCTPUPOBATH
Hopsl paguycoM 10 2 HM. Kpome Toro, 1aHHas CHCTEMa I03BOJISCT
OIpEeNeNATh XapaKTep pacHpeleleHUs IMop II0 pa3MepaM, dYTO
SIBIIETCS] OYeHb BAKHBIM IIOKA3aTesIeM IIPU JAHHOM HCCIICOBaHUH.
[MpumMep moydaeMbIX IOPOrpaMM MPUBEIEH Ha PUCYHKE 2.

PORE SIZE DISTRIBUTION - dV/dlogD (mmi/g, D) - SRM
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Absract The paper contains the results of the study on the systematization and formalization of specialized approaches to planning supply
chains of leading metal companies and comparison of these practices with the standard supply chain management models SCOR & CCOR &
DCOR and GSCF. The paper defines the main directions of development of the methodology of supply chain planning in terms of its

adaptation to the specifics of metals.
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1. Introduction

A series of changes in global markets led to a significant
transformation of the supply chain management systems of leading
metallurgical companies [1,2]. To improve competitiveness
companies were forced to restructure their business processes and
increase efficiency. Leading metal companies have developed
specialized supply chain management approaches which in practice
proved to be highly efficient around the world.

These methods in order to be used have to be formalized and
studied. In this article, the author formalizes the main directions of
development of the methodology of supply chain planning in terms
of its adaptation to the specifics of the metals.

2. Preconditions and means for resolving the problem

The result of the survey conducted by the author were the
systematization and formalization of the processes and their
interactions, a comparison of these processes with the standard
supply chain management models like SCOR + CCOR + DCOR
[3,4,7] and GSCF [5-7].

The study was based on the analysis of public data of leading steel
companies such as TimkenSteel, USA; Trinecke Zelezarny,
Czech Republic; Severstal, Russia; MMK, Russia; OMK, Russia;
Mechel, Russia; VSMPO-AVISMA Corporation, Russia and many
other. A large contribution to this study has made materials from the
leading providers of Advanced Planning and Scheduling software
for the metallurgical industry: LOGIS, i2 Technologies, and others.

Figure 1 shows the organization of key planning processes in
Metals. It is a generalization of the best practices of the
abovementioned companies in the area of processes and supporting
systems.

3. Results and discussion

From Supply Chain Management (SCM) point of view there are
two most common cross-industrial SCM standards in the world: the
SCOR model with extensions CCOR and DCOR from Supply
Chain Council (SCC) and the model from the Global Supply Chain
Forum (GSCF).
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Fig 1 Organization of key planning processes in Metals

SCC is an independent, non-profit organization formed in 1996 by
the global consulting company Pittiglio Rabin Todd & McGrath
(PRTM) and research company Advanced Manufacturing Research
(AMR) from Cambridge. At the beginning of its activity, SCC
included 69 companies; today the list of participants includes more
than 1000 companies.

GSCF under the guidance of Dr. Douglas M. Lambert provides an
opportunity for practitioners and theorists to investigate critical
issues related to the quality of customer service and operational
efficiency, regardless of the specific functional expertise. The
professional community of GSCF includes about 14 leading
international companies [5,6], recognized as leaders in their
industries.

The results of the comparison of the best practices of the
organization of business processes of supply chain planning of
metallurgical companies with standard models of supply chain
management are given in table 1.

For ease of use, the processes of the GSCF model are numbered
from 1 to 8 according to the original sequence [6].

For strategic level sub-processes, the suffix S is introduced, for
operational level - O.
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Table 1. The results of the comparison of the best practices of the organization of business processes

of supply chain planning of

metallurgical companies with standard models of supply chain management

Main process/level Subprocesses Model xCOR Model GSCF
Supply Chain Design Supply Chain Design M4SC: SCOR tools could be used | 4S OF
for that purpose 1SCRM
6S SRM
Tactical planning
e S&OP Demand Planning CCOR:PlansP1.1 10 CRM
30 DM:
forecasting
Supply Chain Planning sP1 30 DM:
Synchronization
Allocation Planning sP1 30 DM:
Synchronization
e  Order Book Allocation Management sP1 30 DM:
Management Synchronization
Order Promising sD1.2 20 CSM
sD2.2 40 OF
sD1.3/sD2.3
sD3.3
Operative Planning
e  Calendar Material DCOR:Design 70 PDaC
planning planning/design/technology
development
s Material Allocation sD1.3/sD2.3 40 OF: Process Order
G sD3.3
>
©
DE_ Production Planning sP3 50 MFM
Delivery planning sP4 40 OF
Procurement planning sP2 40 OF
e Scheduling Production scheduling sM1.1 50 MFM
sM2.1
sM3.2
Delivery execution sD1.3/sD2.3 40 OF
sD3.3
Procurement scheduling sS1.1 40 OF
Efficiency evaluation KPI SED2 Subprocess «Measure
SES2 Performance» of corresponding
SEM2 GSCEF processes

The presented comparative analysis of the best practices of planning
in metallurgy with the known SCM models (SCOR, GSCF)
determines the directions of development of these methodologies in
terms of their adaptation to the features of supply chain planning of
metallurgical companies:

1. Re-engineering the links of existing planning processes according
to best practices in metallurgy planning.

2. Consolidating CCOR, SCOR and DCOR models into a single
supply chain planning process system.

3. Adding clarification steps of the planning processes, introduction
of additional if necessary.

4. Formalization of planning methods and models.

5. Requirements definition for supporting information technologies.

4, Conclusion

The formalization of the best practices of planning in metallurgy
given in this article, as well as the results of their comparison with
the standard models SCOR+CCOR+DCOR and GSCF, determine
the main directions of development of the supply chain
management methodology in terms of its adaptation to the specifics
of planning in the metallurgical industry.
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The need to systematize and develop the planning methodology is
determined by the need for its application to ensure the
competitiveness of metallurgical companies in a tough struggle in
the global market.
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Abstract: The aim of this paper is the investigation of the effect of natural aging on the mechanical, physical and microstructural
properties of an EN AW-6060 aluminum alloy. These properties were investigated during different aging treatments. Firstly, the effect of
natural aging on properties was investigated, after which the influence of natural aging (room temperature pre-aging) on the artificial aging
was studied. The results showed the beneficial effect of natural aging in both sets of experiment. During the natural aging, the hardness
increased for around 20 % while electrical conductivity values were slightly higher than in the quenched sample. The hardness of the
samples gradually increases up to 25 days of natural aging reaching a plateau state, after which the values of hardness remain the same.
Also, room temperature pre-aging had a positive effect on subsequent artificial aging. Samples that were pre-aged for 40 days or more
before artificial aging had around a 13 % increase in hardness values compared to the samples that were directly artificially aged.
Electrical conductivity had increased by around 1 MS/m in pre-aged samples compared to only artificially aged samples. Optical
microscopy investigations confirmed the existence of precipitated phases and their distribution in the microstructure.

Keywords:
CONDUCTIVITY, MICROSTRUCTURE, PRE-AGING

1. Introduction

Mechanical properties of metallic materials are often improved
by various heat treatments. In order to strengthen aluminum alloys,
age hardening process is used. This process includes solution heat
treatment, quenching to room or below room temperature and
aging, which can be either natural (performed at room temperature)
or artificial (performed at higher temperatures) [1, 2]. The aging
process is responsible for the formation of very fine and evenly
dispersed particles that hinder the movement of dislocation thus
strengthening the alloy through Orowan mechanism [2]. To attain
deeper knowledge of the aging process it is very useful to know the
precipitation sequence of investigated alloys. The precipitation
sequence is usually found by DSC analysis with combination of
some other characterization methods. The largely accepted
precipitation sequence for Al-Mg-Si alloys which was found by
other authors is given as: ogss — Mg:Si clusters— G.P. zones—
B”’— PB’— Si (if excess silicon is present)— [ [3-9]. Precipitates
given in this sequence appear at different temperatures and affect
the structure differently. Natural aging, as it is performed at room
temperature, can only produce the clusters of dissolved elements. In
the case of EN AW-6060 alloy the most important clusters are that
of Mg and Si, as they are the ones that affect structure the most
[10]. The effect of natural aging on the mechanical properties can
be summarized as either a positive or a negative one. Low-alloyed
alloys or often called lean alloys in this series of aluminum alloys
often exhibit the positive effect. This means that natural aging leads
to an increase in mechanical properties and also higher peak-aged
hardness can be achieved after room temperature pre-aging [11-14].
The negative effect occurs in high solute alloys used in automotive
and construction industries [1, 2, 15, 16]. The influence of natural
aging is still studied, regardless of numerous studies. In this paper
the lean alloy from 6xxx series was investigated (EN AW-6060).
The aim was to better understand the influence of natural aging and
room temperature storage (pre-aging) on hardness, electrical
conductivity and microstructural changes. Also, the investigation of
positive or negative effects on subsequent artificial aging was
performed.

2. Materials and design

Experimental investigation was performed on EN AW-6060
alloy. The alloy was delivered by “AlCu metali d.0.0.” company, in
peak aged condition (T6 temper) in the form of extruded rectangular
bars. The Table 1 represents the chemical composition of the
investigated alloy determined by the optical emission spectrometer
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“Belec Compact Port”. Annealing at 550 °C for 6 hours in the
electric resistance furnace Heraeus K-1150/2 removed peak aged
condition and obtained the O-temper for all of the samples. After
that, solution heat treatment was performed at the same temperature
for 1 hour followed by quenching in water with ice in order to
obtain a super saturated solid solution (o). After obtaining the
super saturated solid solution, the samples were subjected to natural
aging for a different time from 3 up to 70 days (referenced as NA
samples). One sample was directly aged without any room
temperature delay in order to achieve peak hardness state (presented
on graph as directly aged AA samples). In order to investigate the
influence of natural aging on artificial aging (AA), samples that
were naturally aged for 3, 10, 40 and 70 days were chosen and
artificially aged in the same manner as the directly aged sample
(those samples are referenced as NA+AA samples). All the NA
samples were compared to the quenched sample (quenched state on
the presented graphs), while all the NA+AA samples were
compared to only the artificially aged samples (AA samples).

Table 1: Chemical composition of the investigated alloy (mass. %)

Si Fe Cu Mn Mg Cr Ni Zn
0.49 0.182 0.012 0.006 0594 <0.003 0.028 0.01
Ti Pb \ Co Sn Zr Al
0.005 <0.003 0.014 <0.003 <0.003 <0.003 98.62

During the aging treatment, all samples were subjected to
various characterization methods. Electrical conductivity was
measured using the electrical conductivity tester Sigmatest 2.063”.
Hardness was measured on the VEB Leipzig Vickers hardness
tester using a 10 kg load and a 15 s dwelling time. The ASTM E384
standard was followed during the hardness measurements [17].

3. Results and discussion

Analysis of the graph presented in Fig. 1 shows that hardening
was achieved through natural aging. All of the naturally aged
samples had higher hardness values in comparison to quenched
state. After only 3 days of natural aging hardness rapidly increases,
and continues to increase until it reaches hardness saturation after
which the curve shows the plateau state where hardness remain
almost the same up to 70 days. Hardness has a maximum value after
40 days of aging. This value is around 20% higher than the value
for the quenched sample.
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Fig. 1 Hardness variations of quenched samples during natural
aging of EN AW-6060

During solution heat treatment, Mg and Si atoms dissolved into
the Al matrix and remained in the matrix after quenching. Hardness
increment was possible due to the formation of magnesium and
silicon clusters and co-clusters caused by precipitation during the
natural aging process. This formation is causing the restriction of
dislocation motion and increasing the hardness of the alloy [1, 2, 10,
16]. The incline of the curve presented in Fig. 1 can be explained by
the formation of Mg and Si clusters which occurs after several
hours of natural aging discovered through 3D atom probe by L. Cao
etal. [18].
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Fig. 2 Electrical conductivity variations of quenched samples
during natural aging of EN AW-6060

The influence of natural aging on the electrical conductivity of
the investigated alloy is presented in Fig. 2. From Fig. 2 it can be
concluded that all of the NA samples exhibit slightly higher values
of electrical conductivity in comparison to the quenched samples.
Electrical conductivity increase can be expected knowing that
during natural aging clusters and co-clusters are formed. The
quenched solute atoms are released from the super saturated matrix
in the form of clusters and co-clusters. This formation is responsible
for relaxing the matrix and promoting the free movement of
electrons, thus increasing electrical conductivity. The increase in
electrical conductivity is not very large due to the fact that this is a
lean alloy so the amount of formed clusters cannot have much
impact. Usually these clusters have a strong electron scattering
effect that can lower the electrical conductivity, but in our case that
was not detected [7, 19, 20].
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Fig. 3 The influence of pre-aging on artificial aging on hardness
and electrical conductivity of investigated alloy

In Fig 3 the influence of natural aging (room temperature pre-
aging) on the artificial aging has been presented. From the
presented graphs in Fig. 3 it can be seen that in both cases, hardness
and electrical conductivity, pre-aging had a positive effect on
subsequent artificial aging. In order to obtain the highest hardness
values the samples need to be peak aged. For the highest values of
hardness in peak aged samples the B’ phase is responsible. Any
stimulation of the precipitation of this phase results in higher
hardness values. In the case of lean Al alloys, clusters and co-
clusters formed during the pre-aging help the nucleation of the B>
phase in later precipitation during artificial aging [11, 14]. Samples
that were pre-aged for 3 and 10 days had somewhat lower values of
hardness in comparison to directly aged samples. In these samples,
due to a short period of pre-aging, the nucleation of the B>’ phase
was not as much affected. Samples pre-aged for 40 and 70 days had
enough time to form enough clusters of Mg and Si to stimulate the
nucleation, hence the hardness values are higher in comparison to
the directly aged ones [2, 6, 10, 11, 14, 15]. In the matter of
electrical conductivity, all of the values are higher in the pre-aged
samples in comparison to the directly aged sample. This can be
ascribed to larger precipitation due to pre-aging and stimulation
through nucleation of the B’ phase.

The formation of clusters and the stimulation of precipitation
through nucleation sites, caused the B’ phase to appear in the
microstructure as finely dispersed particles on the grain boundaries
and in the grains, as shown in Fig 4a-b.

TR e
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Fig. 4 Microstructure of the sample naturally aged for 40 days and
then peak aged for maximum hardness value;
a) magnification x200; b) magnification x500

4. Conclusions

The influence of natural aging on hardness, electrical
conductivity and microstructure was investigated. Key conclusions
can be outlined:

e  The hardness of the samples naturally aged is higher than
those in the quenched state. Maximal hardness is achieved
after 40 days of natural aging, after which the hardness goes
into the plateau state and hardness remains the same until 70
days of natural aging.

e Naturally aged samples have slightly higher values of
electrical conductivity in comparison to the quenched one.

e Natural aging showed positive effect on artificial aging.The
nucleation of the p’’ phase and the strengthening effect of
B>’ phase was affected by the formation of magnesium and
silicon clusters and co-clusters. The hardness of the pre-
aged samples was higher only in the ones pre-aged for 40
and 70 days. Hardness was higher for around 13 % for the
pre-aged sample in comparison to the directly aged one.
Electrical conductivity was higher in all of the pre-aged
samples when compared to the only artificially aged one.

e In the samples that were naturally and subsequently
artificially aged, B phase appeared in the form of finely
dispersed particles.
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Abstract: Nowadays when the main stream of castings is oriented on a automotive business, the quality of grinding plays important role. We
are presenting high efficient Fenix CNC grinding machine. Fenix CNC grinding machines are designed for castings grinding of mass
production, as well as grindnig casts' flashes and residues of gates and riser heads. Additionally machines allow to programme the shape of
grinded casts. Our CNC grinding machines does not have any impact on environment in aspect of pollution and works quietly. It's hermetic
casing prevents spreading of pollination resulting from the casts grinding process. The machine is equipped with optical safety devices
blocking the rotation of loading and processing table while the operator is in the table rotation work zone. We can offer a position with a
robot and a grinder, as well as a ready position with a robot grinder and machining machines.

Keywords: CNC GRINDER, NUMERICALLY CONTROLLED, EFFECTIVE GRINDING, TABLE ROTATION, FIXING UNIT,

INNOVATIVE TECHNICAL SOLUTIONS

1. Beeoenue

MpupoBoe NpPOM3BOACTBO OTIUBOK IpeBbicuno 104
MuwuinoHa ToHH B 2018 romy u Haxomwiock B Ipeaenax
CTaTUCTUYECKOW OMmMMOKM Ha YpOBHE mpomuioro roxaa. Kwurait
SBISIETCS. JIMAEPOM IO IPOMU3BOACTBY OTJIMBOK ero JoJis
cocraBisieT 45 % mupoBoro npousBojcTBa. Ciieayer OTMETHTD, YTO
0COOEHHO B MPOMU3BOICTBE JKEJIE3HBIX CIUIABOB 3a IIOCIICIHHUE
HECKOJIBKO JIET NPOM30IIEN 3aMeTHBIM 3actoil. HaOmromaercs
TEHICHUUS K YBEIMYCHUIO IIPOM3BOACTBA OTJIMBOK Ha OAMH
JUTEHHBIA 3aBOJ, UYTO SBJSIETCS PE3YJbTATOM IaAeHHUs] MabIX
JINTEHHBIX 1[EXOB.

B nanpHeiimem OyaeM roBOpUTH TOJIBKO 00 OTIMBKAX W3
JKEJIE3HBIX CILIABOB.

CoBpeMeHHBIE JMTEHHBIE 3aBOABI IOCTABISIIOT CBOIO
HPOJAYKIMIO B Pa3JIMYHbIE OTPACIH IPOMBILIIEHHOCTH, B OCHOBHOM
OJHAaKO JUI1 aBTOMOOWJIBHOH. BONBIIMHCTBO OTIMBOK Tpedyer
MEXaHU4YEeCKOH 00pabOTKH, MOKPBITHS MOBEPXHOCTH IOKPACKOM,
kata)ope3bl WM IUHKOBAHUS ¥ T.J. DTO TPEIBSIBISIET BBICOKHE
KayeCTBEHHbIE TPEOOBAHMUS K JUTEIHOI MPOMBIIIIEHHOCTH C TOUKH
3peHUs He TOJIBKO MPOYHOCTH OTJIMBOK ( KauecTBO MaTepHana ), HO
u (opMel M KadecTBa IMOBepXHOcTH. Kpome TOro B TeueHue
peanu3aniy MPON3BOJCTBEHHBIX IIPOIECCOB JOIDKHBI YUHTHIBATCS
ycioBHs paboTHI, a TakKe 3a00Ta 0 HATYPAILHOM cpere.

OTo oO3HauaeT, YTO TNPH MPOMU3BOJICTBE OTIHBOK CIEIYeT
HCIIONb30BaTh HOBeHIue TEeXHUUYECKHE JIOCTHKCHHUS:
aBTOMAaTHYECKHE IPOM3BOJCTBEHHBIE JIMHUH, KOMIIBIOTEPHOE
yIpaBlIeHHe, pPOOOTHI, CTAaHKA C YHCIOBBIM IIPOTPAaMMHBIM
YIpaBICHUEM.

Jlureitnpiii OmsHec 4.0 o3Ha4aeT YETBEPTYIO MPOMBIIUICHHYIO
pesomonmio ( mHxyctpus 4.0 ) — mporHosmpyemoe coObITHE,
BBEJICHNE KNOSPPU3NIECKHX CHCTEM B IIPOU3BOICTBO.
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Hackonbko (GopMOBOYHBIE JIMHMH, Il€Xa Ui IDIaBKH MeTajlla,
HpOU3BOACTBO (POPMOBOYHON CMECH IOCTUITIM BBICOKOTO YPOBHS
TEXHOJIOTHH M IIMPOKO HCHOJB3YIOTCS B OOJBIIMHCTBE JIMTEHHBIX
3aBOJIOB, TO NPOLECCHl 0OPaOOTKM OTIMBOK TAaKHE Kak: yJaJieHHE
JUTHAKOBOW CHCTEMBl M THTafomed OOOBINIKH, OYHCTKA H
mIM(OBAaHUE — PEANU3YIOTCSl B 3HAUYUTEIBHON CTEHNEHH HCIIONb3YS
CHITy YETI0OBEYECKUX PYK MJIM MPOCTHIX HHCTPYMEHTOB.

B pesyibrare 9T0 NpUBOAMT K HU3KOH 3 PEeKTHBHOCTH Ha OJHOTO
paboTHHKA B JIMTEHHOM IPOM3BOACTBHE, YTO MAETAeT JUTCHHBIN
3aBOJ] MEHEE KOHKYPEHTOCTIOCOOHBIM.

IIpn opranm3amun IpOM3BOACTBA B JIUTEIHOM Iiexe HEoOXOIUMO
MEepPelTH OT MBIIUICHUS «TIPOU3BOACTBO OTJIHBOK» K MBIIUICHUIO
«IPOU3BOJCTBO INPOAYKTOB». DTO 3HAYMT, YTO ITOJyYCHHAs yxKe
OTJIMBKA JOJDKHA ObITh onutndoBaHa u oOpaboTaHa «I0 KOHIA» B
JIMTEHHOM 3aBOJIE.

BompmmuCTBO  OTIMBOK  TpeOyeT  0OpabOTKM  pe3aHHeM.
ITpakTHUecKu KaKzas OTJIMBKA, npelHa3HayeHa s
ABTOMOOMJIGHON MIJIM MaIIMHOCTPOUTENIFHON IPOMBIIUIEHHOCTH, B

CJICAYIOMICM DTaIl€ MOoABEPTracTCs 06pa60TI<e PE3aHUCM.
Ot IPOUECChI NOJIKHBI OCYHIECTBIIATLCS B JTIUTEHHBIX 3aBoJgax.

Bornbmioit mpobiemoii sBisiercs numdoBaHue OTIMBOK. B
OONBIIIMHCTBE 3aBOJIOB OHO JIENAETCSl BPYYHYIO C IIOMOIIBIO
JMCKOBOTO IUIM(OBAJIBHOTO CTaHKA. JTO HETOYHBIH METOJ,
TpeOyromuii MHOro TsDKENMOW M omacHOM paboTel. Ecth Tpymma
OTJIMBOK, AT KOTOPOH 3TOT METOJ COOTBETCTBYET TPEeOOBAHHAM
KayecTBa, OJHAKO B Clydae OTJIUBOK, KOTOpbIE B JalibHEHIIEM

MPOM3BOCTBE 00OpabaTbIBalOTCst MEXaHUYECKH, OTJIMBKA
U oBaHHAS TAKUM 00pa3oM HE COXPaHSIET TOYHOCTH (HOPMEI, He
UMEeT OJMHAKOBBIX MPHUIYCKOB Ha LEJIOH IOBEPXHOCTH
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MexaHuuyeckoit 00padorku. Kpome Toro m3-3a xapakrepa paGoTsl -
pabora Tshkénas M OnacHas — PbIHOK TPy/a OYeHb OTPAHHYCH.

OpHako caMoil BakHOI mpoOGJeMoOl B cilydae py4HOTrO
nu(OBaHMS SIBISIETCS HMU3Kasl NPOM3BOJACTBEHHAsT CIIOCOOHOCTB.
N3-3a 3TOro IuTeiHble 3aBOJIbI HMEIOT HU3KYIO
HPOM3BOJMTENBHOCTh Ha OAHOTO PabOTHMKA M IIO3TOMY OHU HE
0YeHb KOHKYPEHTOCIIOCOOHBI.

Ha puc. 1 nokazana 3¢ ¢GeKTHBHOCTh NMPOHM3BOACTBA B JINTEHHBIX
nexax pasnu4HbIX crpaH EBpomeiickoro Coroza, BbIpaKeHHas B
KaJIMYeCTBE TOHH NPOAYKIMH HA OJHOTO 3aHATOrO0 B JIMTEHHOM
3aBoJIe.

OcHOBHOIl NpUYNHOW HU3KOH 3()(EKTUBHOCTH SIBIISIETCS HH3KHN
YPOBEHb AaBTOMAaTH3alMH M POOOTU3ALMU IPOM3BOACTBEHHBIX
mpoueccoB. JTO, B CBOI Ouepenb, IPHUBOAUT K HU3KOH
HPOM3BOUTEIBHOCTH MPOLECCOB NUTH(OBAHUS OTIUBOK.
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MpoU3E0ACTEC B TOHHAX Ha OAHOTD pa boTHMKa

g

.“O

G

=00 (3
g TP

12

o

MNPoW3IBOACTED E TOHHAX HA NTE|
.

Puc. 1 Dgghexmusnocms npouzeo0cmea omauBoK U3 JHcene3Hvix
Cn1asos ((heppocniasos) 6 HEKOMOPLIX €BPONEUCKUX CIPAHAX

2. lllhugposanvuvie cmanku FENIX

Cranku Fenix SZK 310 MamuHbl pegHa3HaYeHbl K HUTH(OBAHHUIO
OTIIMBOK KENE3HBIX CIJIaBOB BECOM MO0 15  KHUIOTpamM.
[InudoBanbHblil KPYr HMEET CIOCOOHOCTb NEpeBUraThCsi B TPEX
IUIOCKOCTSIX, @ CTOJ, Ha KOTOPOM 3aKpeIuleHa OTJHMBKA, HNMEeT
BO3MOXKHOCTb 00opoTa. CienoBareiabHO, 3TO 4YeThIpEXoceBas
MalIllfHa.

Oro n[aéT BO3MOXKHOTH YHANATh 3aJUBBI Ha Pa3ICIUTENbHBIX
MOBEPXHOCTAX U CIEeIbl OCTAaBIIMECS IOCHe MUTaroueld OGOOBIIIKI
MPAaKTHYECKH B KKIOH OTIUBKE.

Hcnons3oBano cucremy ynpasnenus Mammaoid FANUC.

3. Xapaxmepucmuueckue ceoiicmea mamunst FENIX:

23

- MalldHa HUMEEeT YYT'yHHBIE KOPITyCa, KOTOpBIE PEXYLUPYIOT
KOJIe0aHHs ¥ TapaHTUPYIOT BBICOKYIO TOUHOCTD IUTH()OBAHHS.

- pabouee HPOCTPAHCTBO MAIIHMHBI SBIACTCS HM30JIUPOBAHHBIM OT
OKpy)Xaromiell  cpefpl, dYTO  OOECHEeYMBAcT  HKOJIOTHUYECKYIO
HEWTPAILHOCTH IPOIIECCa, a TAKKE TapaHTHPYET XOPOIINE YCIOBHS
paboTHI 0OCITYKMBAIOIIETO NEPCOHAIA.

MaiyiHa HMMEeT HapyKHYK | BCHTHIILHOHHYK YCTaHOBKY,
KOTOpasi oOecreunBaeT OanaHc Bo3ayxa B pabodyeM IpOCTPaHCTBE, a
TaKXKe IO03BOJIsieT — OJarofaps cucreMe (QUIBTPOB - OYHINATH
BO3/yX OT YyI'YHHOH M rpahuTOBOI MBUIM, BOSHUKAIOLICH BO BpeMs
T OBaHMSI.

Orta YCTaHOBKA YHAJISICT IbLIb C IIOAY3JIOB M 3JICMCHTOB MAalllMHbI
( Kopyca IMOAUIUITHUKOB, ITOJABUKHBIC DJIEMEHTHIL U T.I1 )

- BBICOKOE Ka4eCTBO U 3((PEKTUBHOCTD IUTU(POBAHHS

VYV mumdosaneHOro kpyra o6oporel B mpemenax 3000 — 6000
obopotoB Ha MuHyTy. Cucrema ympapieHus oOecrneduBaeT
HOJIy4eHHe JII000i TPaeKTOPUM JABMKEHUS Kpyra B IIPOCTPAHCTBE,
MIPUCTIOCOOJICHNE COOTBETCTBYIOLIEH CKOPOCTH HIIM(OBAHUS, UTO
naéT BO3MOXHOCTh UUIM(GOBAaHUS OTJIMBKH J11000# (GopMbl C
BBICOKOHM TOYHOCTBIO. B MammHe HCHOJIB30BAaHO 3allaTEeHTOBAHHOE
pewenue obopota crona ( marent PIT nomep I1. 424701 ), kotopoe
MO3BOJISIET OYCHb TOYHO IO3UIMOHHPOBATH CTOJI OTHOCHTEIBHO
nundoBanbHOro Kpyra. Be€ 310 rapaHTHpyeT BBICOKOE KayeCTBO
1 oBaHusL.

KpOMC TOTO B MAalIWHE HCIOJIb30BAHO MHHOBAIMOHHOC PEHICHUEC
JUT 3aKPCIICHUSA 06pa6aTI>IBaeMI>IX IpeaAMETOB TUIIA KOJIBIO

( marenr PII Homep II. 421493 ), uyto 1naér BO3MOXKHOCTH
JIOCTUTHYTh BBICOKYIO MPOM3BOAMUTEIBHOCTh U, OJHOBPEMCHHO,
TO3BOJISIET TTOAKIFOYUTH CTAHOK K POOOTY.

Ha puc. 2 noka3zano paboTu3npoBaHHasi BEICOKOIPOU3BOANUTEIbHAS
cTaHmus  numMQoBaHUS  KOJEL  PEMEHHBIX  IIKHBOB  JUIS
aBToMoOmield. CraHius coctouT u3 IByx crankoB FENIX, nByx
POOOTOB M CHCTEMBI MOIAYH OTIHBOK.

( dueM mpescTaBIIeH BO BpeMs IOKIaA )

Puc. 2 Pobomusupogannas cmanyusi Oisi WAU@DOBANHUSI OMIUBOK
Fenix
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Pabouas cTaHuus 00CIy)XUBACTCS OJHUM PAOGOTHUKOM M JOCTHIaeT
MIPOM3BOUTENLHOCTH B 4,5 pa3a BbIIEe, YeM B CIy4ae PydHOTO
T OBaHMS.

- CTaHOK II03BOJIAET CO3/1aBaTh POOOTHU3MPOBAHHBIC CTAHLUH IS
i oBaHust 1 00pabOTKH pe3aHUeM YYTYHHBIX OTIHBOK. (Pc.3)

( pmeM IpencTaBieH BO BpeMst JOKIaza )

Puc. 3
OMIUBKU

THe300 Ons winugosanus u mexanuueckou oopabomxu

Creyer OTMETHTb, YTO 3Ta CTaHIMS B TeyeHHe paboyeil CMEeHBI B
cocrosiHuM ouumdoBate U o0Opaborath pesanuem 1200 mTyK
MPOJYKTOB u o0cmyKuBaeTcst OJIHUM pabOTHHKOM.
(OddexTrBHOCTE camoro UHUTHGOBAHUS B PYYHOM pEKUME
coctaBuia 400 IWTyK B OAHY CMEHY).

OTta CTaHIUA 3aMCHACT pa60Ty 5-t J'IIO,I[eﬁ " rapaHTupyer camMoe
BBICOKOE€ Ka4€CTBO.
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- craHok FENIX cooTBeTcTByeT MHIUBHIyalTbHBIM OXHUIAHUSIM
KJIMEHTOB.

MopnynbHass ~ CHCT€Ma  KOMIIOHEHTOB — MAllMHBI  HO3BOJIIET
aNanTHpoOBaThCI K  IMOTPEOHOCTSAM  KIMEHTa  OTHOCHUTENHHO
TEeXHHYECKHX MapaMeTpoB ( pa3sHOOOpa3ue OTIHUBOK ).

4. 3aknrouenue

UTo0Bl JIUTEHHOE NPOHM3BOACTBO MOMIIO OBITH WHAycTpueir 4.0
Helb3st 000HTHCH 03 nudoBanbHBIX cTaHkoB ¢ UITY.

lnuposanphbie crankd FENIX nomkHBI OBITH HEOOXOIMMBIM
000pyJOBaHUEM TS JIUTEHHOTO MPOU3BO/ICTBA KEJIE3HbIX CILIABOB,
MOTOMY YTO:

- TapaHTHPYIOT BBICOKOE Ka4eCTBO NUIM(OBAHUS OTIUBOK;

- TIO3BOJISIIOT JOOUTHCS BBICOKOH 3(deKkTHBHOCTH NUTN(OBAHMU,
YTO MOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh (DMPMBI M B pe3yJsibTaTe
MIPUBOANT K MOBBIIICHHUIO IIPOM3BOAUTENFHOCTH IPOXYKIMH Ha
OJTHOTO pabOTHUKA;

- 71aéT BO3MOXKHOCTh CO37aBaTh POOOTH3MPOBAHHBIC OTACIOYHBIC
CTaHLMH JJIs1 LUTH(OBAHUS U MEXaHUYECKOW 00pabOTKH OTIMBOK;

- HCKIIIOYAIOT TSHKEIYIO M ONIAacHYIO paboTy;

5. Tumepamypa

1. WFO Industry Report 2017. Actual situation of the Worldwide
Casting Industry. WFO, September 2017;

2. Report CAEF, 2017;
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INVESTIGATION OF THE STRUCTURE AND SOME OF PHASE
TRANSFORMATIONS IN WEAR-RESISTANT CAST ALLOYS

W3CJIEJIBAHE HA CTPYKTYPATA U HAKOU ®A30BU ITPEBPBIIIAHMSA B U3HOCOYCTOUYMBU
JIETU CILIABU

Assoc. Prof. PhD eng. Gavrilova R. V1. *, eng. Lazarova V. K.

Faculty of Metallurgy and Materials Science
University of Chemical Technology and Metallurgy — Sofia
Bulgaria

r.gavrilova@abv.bg

Abstract: The study of phase transformation processes in wear-resistant alloys from Fe-Cr, Fe-Ni-Cr, Fe-Cr-Mn base systems has not only a
fundamental, but also a practical significance, especially with regard to alloys with a chemical composition with difference from the
conventional one - this is an interesting scientific and applied direction. The importance of this type of researches is motivated by fact, that
in the available literature there is insufficient data on the structure and properties of non-standard iron-based materials, with variation
amount of alloying elements (as well as additional alloying or modification) not only in the cast state, but also after thermal or plastic
treatment. That's why, the aim of the present study is to obtain data on alloys with the most mass application that have increased carbon
and reduced chromium content relative to stainless deformable steels.

Keywords: WEAR-RESISTANT CAST ALLOYS, STRUCTURE TRANSFORMATIONS

1. Introduction Table 2. Regimes of heat treatment

The choice of materials is motivated by their most extensive Heat (rammengregmes
applicatiqn for body parts and components_ in responsiple Alloys Teml[’fé?“m Time, [h] Cooling conditions
constructions or apparatures [1, 2, 5, 6] operating under special _
- . . . . - . 1 (406) 1150 2 H,0
conditions - their working environment is loaded with abrasive 2 (408)
wear, aggressive corrosive environments, cavitation, impact loads, 3 (410) 350 3. 10,20
ets. _ N _ _ 4(412) ;;8 i ig o
Chemical compositions of the examined alloys are shown in 5(414)

Table 1. From each alloy, 11 samples were obtained and further
processed.

Table 1. Chemical compositions of the alloys

2.2. Rockwell hardness testing

2. Experiment
Experimental tasks are carried out in the following order:

2.1. Heat treatment under different modes

e  The heat treatment of the samples was carried out in two
stages in a laboratory furnace.

e  Homogenization for austenization at 1150°C, retention
time of 2 hours and quench hardening of the samples in
water are provided, to be fixed the high temperature state
and probably the most higher rate of carbon uptake from
the decomposed carbide phases, [2-4, 7, 8].

The spesimens are treated to heating regimes shown in Table 2.

Each stage of the heat treatment to the samples is accompanied

Alloys C.% | Mn.% | 5i% Cr, % S. % by a measurement of changes in their macrohardness according to a
composition standard Rockwell method (HP-250 combined hardness meter,

1 (406) 0.43 14.17 0.32 5.48 0.011 penetration depth 1Rc=0.002mm), [3, 5]. The obtained results are

averaged from all testing spesimens. They are shown at Fig.1.
2 (408) 0.92 14.85 021 6.12 0.011
3 (410) 1.48 15.05 023 5.8 0.011
Rocwell hardness test
4(412) 1.98 14.43 0.21 58 0.012
50
5(414) 235 15.05 0.28 5.72 0.012 y

= Austenitic state
= HT 350°C/10

HRe

|

HT 550°¢C/10

|
|

mHT 750°C/10

45 17 = R
40 o

30 -

25 1’ 2 = o] i i
= il I ™
15 1 !

10 7 |

: I

Alloyl Alloy2 Alloy3  Alloyd  AlloyS

Fig.1. Data for macrohardness of the alloys

2.3. X-ray structural analysis

The phase composition of the alloys is determined from the
interplanar distance data, which gives different lines on X-rays.

The results are compared with literature data on the basic
carbide phase lines and the solid solutions in the matrix of the alloys
[1,4,7].

The anode of the X-ray tube is the lightest element of the
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system under study - Cr-radiation with wavelength « = 2,29092 A
is used. To achieve accuracy, unfiltered radiation is applied, i.e. the
characteristic X-ray spectrum of chromium consists four lines

(al, ay, B, o ). Strong alpha lines have a very near wavelength and

Intensity,imp/s
1,863 (1,695) M3C
1,893 (1,723) Ma3Cg
1,940 (1,765) M3C
1,969 (1,792) M3C
2,376 (2.164) M3C, M3Cg

M3Cs
2,236 (2.035) M3C

1,818 (1,655) 7
2,081 (1,894)7
M;C

M3Cg

2,298 (2.091) 7

T T o X T T T T

Degrees(f) —=

Fig. 2a. X-ray diffraction of the alloys after homogenization

count as a single line. The intensity of the g, line is very weak and
absent from the X-rays. The data for oy and By are taken from

tables [4]. Some of the X-rays diffraction patterns are shown in Fig.
2a and 2b (Alloy 3, homogenized and after 550°C/10 h). Results of
analysis of the examined alloys are shown in Table 3.

2.3. Metallographic examination

The preparation of specimens is standard - mechanical grinding
and polishing. Surfaces are etching with nital (1.5% solution of
HNO; in ethyl alcohol) and ammonium persulfate (10% solution of
(NH4),S,0g) in water [3]. The mycro-photographs are taken at a
300x magnification with a camera, attached to the Epigraph-2
metallographic microscope. Some of important transformations,
seems on the spesimen’s structures are shown in Fig.4, (see the next

page).

2.4. Microhardness testing
Microhardness testing carried out wusing a Neophot-2
metallographic microscope equipped with a additional equipment.
For calculation it was found that 20 divisions of the micro-scale
corresponded to a load equal to 46.95 grams. The calculations are
made according to the formula:
QL y - 1,8544 P ‘
“ 42 9,806
where P is load size of kg; d is the arithmetic mean of the length of
the two diagonals, resulting from the penetration of hardness
indentor, [6]. Measurements are performed at different locations in
the main solid solution. The results, as measurment values are
presented in Table 3. Graphically, the changes of microhardness as a
result of heat treatment for all examined alloys are shown at Fig. 3

[MPa]

8000
7000
6000
5000
4000

MN/m

3000
2000
1000

Microhardness test

B Austenitic state
® HT 350%C/10
® HT550°C/10
m HT 750°C/10

Alloyl Alloy2 Alloy3 Alloy4 Alloy5s

Fig. 3. Datas for the microhardness of the alloys

Intensity,imp/s

2,097 (1,908) Y

MaC

1,886 (1,716) My3Cs
1,933 (1,759) MaC
.035 (1,852) Ma3Cq
2,153 (1,959) Mo3C,

Degrees(0) ——=

Fig.2b. X-ray diffraction of the alloys after HT

Table 3. Datas for the matrix structure of the alloys, separated
phases in time of the heat treating and results for microhardness

= Heat Metal ) .\ﬁcrohaxfmess
= treatment R Carbid phases of the solid
< TeC/time masix solution, MN/m
1 1150972 oY Me;C 3886
350°/10 o Me;C 4270
550110 oy ;f;tidp\"f:’bé‘é 4897
7509/10 @y ]\'}‘eﬂé quantity 5205
2 1150072 v Me;C, Mey;Cs 3117
350010 oy Me;C, Mey;Cs 4622
550910 v Me;C, Me);Cs 4329
750°/10 v Me;C, MexsCs 3246
3 115072 v Me;C 4210
350°/10 o,y Me;C 5720
550910 v Me;C, MexsCs 4350
750010 ¥ i Zaf’{’;g s 4787
4 115002 v Me;C 5108
350910 v Me;C 7100
550010 / i fff"\’;g 4 6720
750°/10 v Me;C, Me;Cs 7221
5 1150072 v Me;C 3912
350°/10 oy Me;C, Mex;Cs 5341
5509/10 o,y Me;C 5235
750°/10 oy Me;C 4021
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Regimes
of heat
treatment

1150°C/2

350°C/10

550°C/10

750°C/10

3. Results and Discussion

After austenization all compositions of the alloys have an
austenitic matrix structure, with the exception of the 0.43%C
composition, that containing ferrite. According to the carbon
content of the alloys, an increase in the volume of the second phase
and the coalescence of the carbides start at lower temperatures. At a
temperature range between 550 to above 700°C, the decomposition
of the solid solution proceeds with separation, formed from pearlite-
like colonies.

As separations at 750°C are maximum for all investigated
alloys, with a longer retention time at this temperature, for example
10 hours, starts the process of re-dissolving the second phase in the
austenitic matrix [9]. This trend is most pronounced in alloys with
1.98 and 2.35% carbon. With defined carbon content of 1.48 and
1.98%, a needle-like phase formation in the temperature range of
550-750°C is observed.

By increasing the retention time, Rockwell hardness (HRc)

increases. The highest values are fixed at 10 hours for a temperature
of 550°C. With temperatures up to 750°C, a hardness reduction was
observed for all tested compositions with 0.92 to 2.35% carbon.
Studies show that hardness increases due to different mechanisms:
After austeniation and rapid cooling, the hardness
increase is due to the dissolved carbon and the
residual carbide phases in the matrix.
The increased hardness as a result of the additional
heat treatment is probably due to the presence of
residual carbide phases of type Me;C and MeyCg, as
well as to the formation of new phases with specific
quantity and morphology.

4, Conclusion

The received results will be useful in future researches and
projects, related to the stages of structure formation, separations of
strengthening phases in state of time of the thermal processes,
mechanical and exploitation properties, and application of this type
of metal materials.
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VIBRO-ACOUSTIC APPROACH FOR REGISTRATION AND EVALUATION OF
TECHNICAL DEVIATIONS IN ALUMINUM CASTINGS
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Abstract: Superficially masked internal discontinuities in the aluminium casting during the manufacturing process occurs often. As a
result of dynamic loadings in the process of operation, it is possible the occurrence of leakage in the machines. The application of classical
methods of non-destructive testing of internal discontinuities in parts with relatively complex geometric dimensions requires a significant
resource or is not always possible.

A vibro-acoustic study for express diagnosis of internal discontinuities in aluminium castings is shown in the work.

The resonance behaviour of a part depends on its specific shape and material properties of the elastic medium. This allows diagnostic
approaches for registration of different technical deviations, estimating an equivalent size of internal discontinuities, to be created.

Classical theory of resonance is used for scientific justification of study. It is suitable in spatial parts of complex shape the theoretical
results to be obtained for each particular construction by means of the constructive model in CAD environment. The possible technical
deviations are created in the geometric model by software. The model is divided into elementary parts and a detailed description of their
properties and the elastic connections are described by the Finite Element Method (FEA). This allows diagnostic models for registration of
discontinuities, incl. for assessing its equivalent size in a particular section of the casting to be created rapidly.

A study of an aluminium part by a universal acoustic apparatus is shown in this work. The samples are separated into factory conditions
of ,,suitable” and ,,unsuitable” after machining of the joining dimensions. Typical areas of occurrence of discontinuities in the casting
process are defined. The ,,suitable” samples are divided according to the specific elastic characteristics of the material used. Insignificant
scattering (2-6 Hz) of resonant frequencies in the range 20 Hz to 20 kHz is measured. Discontinuities in the typical areas of registration in
the real parts are formed successively in the CAD model. The resonances are calculated in FEA. Diagnostic signs for registration and
evaluation of an equivalent size of discontinuity according to its disposal are created. Discontinuities of irregular shape are created in part
of the ,,suitable” samples and the resonances are registered again; the changes of resonances are determined. The principle consistency
between theory and experiment is assessed. A good compliance is obtained.

The work may be used to assess the technical condition of castings by manufacturers of such parts.
Keywords: ALUMINUM CASTING, INTERNAL | DISCONTINUITIES REGISTRATION AND SIZE EVALUATION

1. Introduction The aim of the work is to show a vibro-acoustic express
diagnostic approach of internal discontinuities in aluminum
As a result of technological deviations in the process of castings.
aluminum parts casting superficially masked internal
discontinuities occurs often[1]. The problem with internal 2. Stages of the study

discontinuities is significant for thin-walled details, from which
both mechanical strength and tightness are required. As a result
of internal discontinuities accidents of product leakage after a
certain period of dynamic load during the operation are possible.

To clarify the resonance phenomenon in theory,
mathematical dependencies are usually presented for simple
bodies. For example, the basic (first) critical angular velocity of
one shaft is given by the dependence [2]:

Internal discontinuities can be recorded by well established

non-destructive methods. For each method a scientifically P k )

justified sensitivity threshold is defined, ie. the minimum amount m

of discontinuities that can be registered. There are also specific

requirements for the shape of the parts in order to realize the Here k is stiffness on the shaft,m - mass. For each body,
study. resonant modes of a specific nature exist; they are determined by

the major deformation in the material, such as: transverse,
longitudinal, twisting, etc. In complicated parts, consisting of
simple interconnected bodies, there are conditions for the
simultaneous stimulation of more resonances. In fact these are
systems of elements with elastic connections between them,
which make their theoretical description difficult. The shape of
complex details is easily described using engineering CAD and
strength analysis (FEA) software, widespread in engineering.

In parts with relatively complex geometric shapes
nonconformities with different locations are possible. For their
registration, technical devices have been developed to explore the
subject from different sides and make 3D computer images. This
makes the application of classical methods for non-destructive
testing of internal discontinuities to require a significant resource
or is not always applicable.

The resonance behavior of a part depends on its particular Once created, the geometric model of a part in a CAD is used for
shape and material properties of the elastic medium [2]. An technological purposes, a}nd can also be used fo_r wbro-aco_ustl_c
opportunity to assess the technical condition, incl. the registration control of the productions. In a CAD environment, it is
of internal discontinuities in aluminum castings gives the analysis appropriate to work on the model to create some technical
of some characteristic resonant frequencies, excited in the parts. deviations that are found experimentally. After translating into
The vibrations are recorded quickly by means universal acoustic FEA environment, the revised geometric variants are separated to
equipment and no highly qualified personnel is needed to elements by sof_tware, and the elagtlc properties of the material
determine resonant frequencies [3]. The vibro-acoustic method is are set. Depending on the complexity of the model and the level
not universal in terms of diagnostics of machine elements. This of computer equipment, the time for calculating the resonant
defines it as a highly effective method for controlling the frequencies is 2 - 60 minutes, followed by an analysis of the
technical condition of concrete parts after a specialized procedure results obtained with respect to the change of frequencies
to demonstrate its application. compared to those of the model without technical deviations.
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One of the frequent reasons for changing the resonant
frequencies in serially produced parts is the permissible deviation
of the elastic characteristics of the metal. These deviations are
difficult to record by non-destructive methods, such as an
ultrasonic method, but they change the resonant frequencies of
the part. It is appropriate for the "elastic medium" factor to be
read in advance so as to achieve a good recognition of
unacceptable technical deviations.

The theoretical results are evidenced by comparing
theoretical results with experiments with details with artificial
discontinuities, which repeat the CAD deviations, as well as with
details with proven discontinuities. Difficulties in proving the
theoretical results create the possibility in a part with the
recognized discontinuities by leakage to exist other
inconsistencies / deviations.

2.1. Preparation for Vibro-Acoustic Control:

- Demonstration of the metrological accuracy of finished
products in one series - this activity is performed by comparing
the deviation of resonant frequencies in a series;

- Analysis of typical sections with a discontinuity in the
parts;

- Modeling of the dependence between the resonance
frequency deviation and an equivalent degree of discontinuities
in the way Af; =F(35), i- the number of the resonance, Af; -

its frequency deviation from the technical variance; or reverse
function - 5§ =F(A4f;);

- Creating samples with artificial discontinuities and
verifying the theoretical results;

- Setting standards to control for registration and diagnosis of
inconsistencies.

2.2. Control procedure

- Distribution of parts in batches, e.g. by mass measurement
or reference resonance frequencies;

- Recording resonance frequencies and analysis by
comparing with selected standards for recording inconsistencies
in typical sections;

- In case of suspected frequency deviations, conclusions are
drawn about the location and the extent of the discontinuities.

This sequence helps to quickly create diagnostic signs for
registration of technical deviations, such as geometric deviations,
deviations in product density.

3. Example of illustrating the approach

An example of a study of an aluminum piece shown in Fig. 1
a) with a universal vibration-acoustic apparatus is shown in this
paper. In factory conditions the samples are processed to the
exact size, after which they were tested for leakage. The typical
areas of discontinuities in the casting process are selected [5].
The good samples are separated into groups according to the
specific elastic characteristics of the material used. Insignificant
scattering (2-6 Hz) of resonant frequencies in the range 20 Hz to
20 kHz is determined and higher resonances have greater scatter.
In addition, higher-frequency resonances require extra attention
on excitation and analysis.

The mass of samples was examined and a change of 2.8%
was found.

3.1. Preparation of the test sample

In the constructive model of the sample are formed
consecutive irregularities in the typical areas of registration in
real details. Part of the sample models are modified by

irregularities in the sections established by practical studies,
established by practical research and changes Af of some

resonance frequencies are registered Af = f — fys; -
frequency of sample with normal quality, fge - frequency of

sample with discontinuities. Frequency variation Af depends on

the equivalent depth & of discontinuities and on the particular
disposition of the discontinuities. For the specific detail, four
sections are found [5]. They are shown in Fig. 1 b). In the first
stretch the possibility of double-sided leakage, indicated as | and
1", is established. When the depth of discontinuities ranges from
0 to 3 (6) mm, some resonant frequencies change significantly
(above 10 Hz). They are shown in Table 1. It is appropriate to
use them as informative it is appropriate to use them as
informative features for registration of discontinuity and for
determine its equivalent depth.

Fig. 1. 3D model of research example (a) and typical sections with
discontinuity in the real samples (b).

Resonance 4 changes insignificantly (up to 10 Hz) in case of
discontinuities in section IV, and otherwise does not change and
is suitable to be selected as a benchmark for assessing the quality
of the parts.

Tab. 1. List of resonant frequencies up to 10 kHz, which changes
in case of discontinuity according to the section.

Significant change Minor change in
Section Ne in the resonant resonant
frequencies, Ne frequencies, Ne
| 1,3,10, 11,12 5
Il 26%*, 37* -
111 2,7,8 3,512
v 2,3,5-10,12,13 | 1,4,11
Note: * Resonances specified are only informative and are
outside the frequency range.

A statistical analysis of the frequency of occurrence of
discontinuities in the different sections of the sample is done. The
most common cases of leakage (about 60%) are recorded in
section I. Sections | and 1V are used here as examples of creating
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diagnostic signs for registration and evaluation of equivalent

discontinuity dept.

Theoretical results for the frequency variation Af of
resonances with conditional serial number (Ne) in sections | (a)

and 1V (b) depending on their serial number are shown in Fig. 2.
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Fig. 2. Results for variation of Af in section I (a) and 1V (b) depending
on the serial number (No) of the resonant frequency.

Diagnostic signs for registration and assessment of an
equivalent depth ¢ of discontinuity according to its location
were created on the so-called nomograms as follows:

For section |

Af ==-0,12885* + 0,84855° - 0,294752 +0,0265 + 6.1071
for resonance Ne 1

Af =-1,16665% + 9,9951.5° - 22,643.52 + 19,1385 + 2.10710
for resonance Ne 27

For section IV

Af=252% -2,66675 +6.10 - for resonance Ne 2

Af=2,6667 52 - 3,6667.5 + 6.101* - for resonance Ne 5

Here Af isinHz,and & - in mm. These equations are
processed to the following:

For section |

5=0,002 Af3 -0,0649 Af2 +0.735Af+ 0,1 - for resonance
Ne 1

For section IV

5=-0,00424F2 -0,3419.4f +3.10 - for resonance Ne 2

30

5=-0,00254F2 -0,2627 Af +1.10* - for resonance Ne 5

The main criteria for selection of informative resonance
frequencies are:

- Target sensitivity of the analysis, which determines the
minimum recognizable value of Af and is related to the
scattering of the results for one batch of parts;

- Recognition of resonance; this problem is typical for close-
to-order resonances for which overlapping is possible. In this
case, the inspection body may make a wrong conclusion. The
results of processing multiple experiments show that lower
frequency resonances are easier to analyze. For example, the
resonance change Ne 27 of depth incoherence & in section |
shown in Fig. 2 (a) has a theoretical meaning due to difficulties
with its registration.

The main factors of scattering for a batch are related to:

- Variations in geometric dimensions of the parts due to
technological reasons;

- Non-metal inclusions and porosity of the material (in case
the study does not have a purpose for their registration).

3.2. Experimental results

The experimental results were obtained by universal acoustic
equipment and were realized in a soundproofed room. Audio
signals are recorded in the 20 Hz - 20 kHz range and they are
they are entered and saved on a computer via a USB. The
samples are suspended on a perfectly flexible and unstretchable
thread and are dynamically excited by impulse. Attention is paid
to the relatively uniform amplitude excitation of resonant
frequencies over a wide frequency range. Registration and
frequency analysis of signals is done in digital form by software
for a recording time range 0.5 s.

In Fig. 3. a typical experimental result of the resonance
recording is shown. By software the exact measured values of the
resonant frequencies are determined and the values of Af are

determined according to the depth of discontinuities.
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Fig. 3. A typical result obtained by experimental study of resonant
frequencies.
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AL, Location of
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Fig. 4. Stages of the study; a) - to determine the frequency resonance
change, b) - to confirm the theoretical results.

A comparison of the resonance frequencies Nel and Ne2
obtained for detail without deviation (used as etalon) and for
detail with discontinuity 2.5 mm depth in section I is shown in
Fig. 4 (a). The figure is shown for illustrative purposes and it is
obtained by overlaying screen images of recorded signals and
formatted for the same frequency range (2440 to 2780 Hz). It is
noted that for the part with discontinuity the first resonance is
lower (13 Hz is reading) from the etalon and for the second
resonance the both frequencies are equal. Basically, these results
correspond to the theoretical values shown in FIG. 2 (a).

A quantitative comparison between theoretical and
experimental results in case of discontinuities in section 1 is
made. For this purpose discontinuities with different depth & are
formed in the section of a series part and the frequency difference
Af for each modified part has been measured. The results of the
comparison of resonance frequencies Ne 1 and Ne 3 are shown in
Fig. 4 (b). Principal coincidence between theoretical and
experimental results is observed. This allows resonances 1 and 3
to be used for registration and determination of equivalent depth
of discontinuities in section I.
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4, Conclusion

The approach described above for vibro-acoustic assessment
of internal incompleteness in aluminum castings is illustrative
and object-oriented. For its application, no specialized
knowledge and further continuing training in non-destructive
testing is required. The approach is based on general engineering
fundamental knowledge in the field of defectology and software
products widely used in engineering. It can be applied using
affordable acoustic equipment. The assessment of the technical
condition of the products is made by comparing the reference
resonance frequencies of the studied parts with those obtained for
good quality products.

The approach is not universal and requires considerable
theoretical and experimental work to demonstrate its validity. But
it provides an opportunity for an express assessment of the
technical condition of the parts and is cost-effective.

The work may be used for self-assessment by manufacturers
of technical condition of cast parts.
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NEW POSSIBILITIES FOR IMPROVEMENT AND OPTIMIZATION OF THE
CASTING TECHNOLOGIES IN THE LATEST VERSION OF THE MAGMASOFT
SOFTWARE PACKAGE - MAGMAS.4

Ass. Prof. Dr. Georgi Evt. Georgiev
Institute of Metal Science, Equipment and Technologies with Hydro-aerodynamics Centre "Akad. A. Balevski"-BAS

HOBUTE BB3MOXXHOCTU 3A YCBbBBPHIEHCTBAHE U OIITUMU3ALIMA HA JIEAPCKUTE
TEXHOJIOI'MU B [TOCJIEAHATA BEPCHUA HA COOTYEPHUS ITAKET MAGMASOFT — MAGMAGS.4

Hou. a-p I'eopru EBT. 'eopruen
MHucTuTyT N0 METaN03HaHKe, ChOPHKEHHA U TEXHOJIOTHHU C LEHTBP 10 XuapoaepoanHaMmuka "Axan. A. banescku"-BAH,

Abstract: The newest features of the latest version of the world-famous software package MAGMAsoft - MAGMAGS.4 for simulation and
optimization of casting technologies are presented. The provided tools and skills are illustrated by a number of casting examples for various
casting methods which handle optimization tasks for both the casting system and casting feeding during crystallization. It shows the
capabilities of the software for automatic improvement and optimization of the casting-mold system and the casting technology for forming

high-quality castings.

KEY WORDS: COMPUTER SIMULATION, CASTING FORMATION, OPTIMIZATION OF CASTING TECHNOLOGIES

Pestome: TlpencraBeHn ca Haif-HOBUTE BB3MOKHOCTH Ha IOCJEIHATa BEPCHS HAa CBETOBHO U3BecTHHUs codryepeH maker MAGMAsoft -
MAGMAS.4 3a cuMmynupaHe ¥ ONTUMH3aLUs Ha JIEIPCKUTE TEXHOJOTUU. [IpuBeAEeHUAT HHCTPYMEHTApUyM € WIIOCTPUPAH ¢ IIOMOILITa Ha
penuna MpUMepH OT JespcKaTa MpaKTHKa Ha Pa3iIMYHM METOAM Ha JIeeHe, KOMTO TPEeTUpaT 3a/aud 3a ONTUMM3AIMs KaKTO Ha JIeSIKOBaTa
cHCTeMa, Taka M Ha XpaHEHeTO Ha OTJIMBKATa II0 BpeMe Ha KpucTain3anusaTa. [lokasaHu ca BE3MOXKHOCTHTE Ha coTyepa 3a aBTOMaTUIHO
YCBBBPIICHCTBAHE U ONITHMH3ALVSI Ha CHCTEMaTa OTIIMBKa-(hopMa U JiesspcKaTa TeXHOJIOTHS 3a (popMUpaHe Ha BUCOKOKaYeCTBEHH OTJIMBKH.

KIIIOY0BU JIVMHU: KOMIIIOTHbPHO CHUMYVJIMPAHE, ®OPMHUPAHE HA OTJ/IUBKH, OITHMU3ALHUA HA JIEAPCKU

TEXHOJIOI'MHU
1. Yeoo

JlespcTBOTO € MHOrO CTapo H3KyCTBO, HO C OypHOTO
pa3BI/ITI/IC Hpe3 IIOCJIICAHUTEC TpI/IZ[CCCT TOAUHU Ha

MaTeMaTHYeCKOTO MOJAETHPAaHe U KOMIIOTBPHOTO CUMYIHpaHE B
obmacTTa Ha MaTepHalO3HAHHETO, TO Be4e Ce € NMPEBBPHAIO B
O0Bbp30 pa3BHBalla C€ B pa3IMYHU HANpPaBJIEHUS Hayka' .
HaBnu3aneto Ha KOMOIOTBPHHUS cO(Tyep B CBETOBHATa JespcKa
NpaKTHKa OTJaBHA Beue HEe € eKCTpaBaraHTHa ykpaca 3a e(eKTHO
IpeAcTaBsHe Ha M3AENuATa, a Ce € MPEeBbPHANO B HepasjAeiHa
4acT OT HayJYHO-H3CJIeJOoBaTeJCcKaTa, MNPOEKTaHTCKaTa W
pa3BoiiHaTa  JEMHOCT, CBBbp3aHa C  MOpEHU3UpPaHETOo U
ONTHUMH3HUPAHETO Ha JEAPCKUTE TEXHOJOTHH, CH3AaBAaHETO Ha
OTIMBKH C BHCOKHM €KCINIOATAlMOHHU KadecTBa, CHUI)KaBaHEe Ha
pa3xosna Ha MeTal, pealu3upaHeTOo Ha CEHEpPreTUYHHU
UKOHOMMH, PSA3KO CBbKpalllaBaHe Ha BpeMeTO 3a IHKbia
HpOoeKTHpaHe-peanu3anus, Obp3a M TOYHA, KayeCTBEHA M
KOJIMYECTBEHAa [MAarHOCTHKa Ha IIUpPOKAa ramMa OT €BEHTYalHU
e eKTH.

Ennna oT cBETOBHO M3BEeCTHHTE COPTYEpHHU IAKETH 3a TaKHUBa
uenu e uszsecteH nox umero MAGMAsoft. Tolt e cb3gageH oT
dbupmara MAGMA Giessereitechnologie cbc cemanume rp.AxeH,
Tepmanusl®. TlakerTsT ce pasBuBa M 0GOraTABA HENPEKHCHATO OT
ChTpyAHUIMTE Ha (¢uUpMaTa, MOCPEACTBOM pa3paboTkara Ha
MHO’KECTBO Hay4HH MPOEKTH C Pa3IMYHM 3BEHA Ha BOJCIIN HEMCKH
MHCTUTYTH KaTo MHCTHTYTa Mo nespcTBo B rp. AxeH, Makc Ilnank
MHCTUTYT H Jp. MareMaTu4eckKuTe MO, 3aJI0KeHH B
nmporpaMaTa, ce OOHOBSBAaT HENPEKbCHATO KAaTo B TIX OWBAT
OTpa3siBaHM MOBEYETO OT HalW-CHIIECTBEHUTE HAYTHH Pa3paboOTKH B
obracTTa Ha MaTepHaJIO3HAHUETO, OMIM Te OOEKT Ha JOKTOPCKH
JUCepTald WIH HaydHH IyOnukanuu. PasmmpsiBar ce u ce
YCBBBPIICHCTBAT KAKTO MAaTEMaTHYECKUTE MOJETH, 0OXBallaikn
BCE MO-LIHPOK KPBI OT SBICHUS M MPOLECH, Taka U Oa3zaTa AaHHH,
KOSTO TO03BOJIIBA TPETHPAHETO Ha BCE MO-IIMPOK KPBr OT
MaTepuajd W CIUIaBM, a Taka CbIIO M METOAMTE Ha JIeCHE.
O6uonpusnar ¢axr e, v¢ MAGMASOft HsiMa KOHKypeHIHs IO
OTHOILICHUE Ha BrpageHara 0aza oT JaHHU B makera. [lo TakeB
HA4MH, TS YCIIEIIHO C€ KOHKYpHpa C Haii-M3BECTHUTE M MOIIHH
mporpaMu ot Opanma, karo ABBACUS, PROCAST,
ANYCASTING, NOVACAST, 3D-FLOW, LM- FLOW, PATRAN
u JIp.
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B Ta3u Bpb3Ka cieziBa Aa ce oTOENexH, 4e B HallaTa CTpaHa
U To-TOYHO B VIHCTHTYTa O MeTalo3HAHME, CHOPBKEHHA U
TEXHOJIOTHU ¢ LIEHTHP 0 XuzapoaepoauHamuka npu BAH “Axan.
A. banescku” (MMCTIXA-BAH) B rp. Codus ce pasmonara c
MAGMAsoft or mnoseue ot 10 roguu. IIbpBOHAYAIHO,
HNPOTPaMHUAT MakeT Oe NMperoCTaBeH 3a HAYYHU U3CIIEABAaHUS,
KaTO Pe3yNTaT OT YCHENIHO ChbBMECTHO M3MBIHEHUE HA NMPOEKT
“COPERNICUS” — emHa OT BOJEIINTE €BPOIECHCKH MpPOTpaMH
3a Hay4HO pazsutue. Ot 2005 roguna macam, UMCTLUXA-FAH
€ M3KITIOYHTENeH M ouIuageH JUCTPHOYTOp Ha NPOTPAMHUTE
npoayktn Ha MAGMA GmbH 3a bwarapus u pasnomara c
MOCeHUTe UM Bepcud. Toll € oTopu3upaH KakTo Aa IpojaBa
JMLEH3U 3a II0J3BaHEe Ha IIporpaMuTe, Taka U Ja CKIIOYBa
JIOTOBOPH 33 OKa3BaHE Ha TEXHOJIOTMYHA MOMOIL M pealn3upane
Ha KOHKPETHH MPOEKTH C U3BBPIIBAHE HA CHMYJAOUH W
ONITHMH3AIN Ha KOHKPETHH JIeAPCKH TexHonoruu. Hactosamoro
U3JI0OKEHWEe ¢WMa 3a Iel Ja TPeACTaBH Hal-HOBHTE
BB3MOKHOCTH Ha IIOcCIefHaTa Bepcuss Ha codryepa
MAGMADS.4 3a KOMIIOTbpHA CUMYJALlUsl M ONTUMH3AIMS Ha
JeSIPCKUTE TEXHOJIOTHH.

2. Memoou 3a ycvévpuieHCmeaHe U ONMUMU3AUUA

Ha JieapCcKume mexHojiocuu

PazBuTnero Ha MeETOOM M TOAXOAM 3a ONTHMHU3AaLUsS Ha
JIeIPCKUTE TEXHOJIOTHH € €CTECTBEHO NPOIBIDKEHUE M HaJrpakaaHe
Ha MaTeMaTHYeCKOTO MOJIeNUpaHe M HEroBaTa ajJropUTMU3UpaHa
BEPCHS —  KOMIIOTHPHOTO  cuMmyiupane®  IThpBoHauamHo
MHTEH3MBHO C€ pa3BUBAT HMTEPATHBHO-WHTEPAKTUBHHUTE MOIXOIH
7 npu KOMTO ONTHMANHOTO pelleHHe ce JOCTHra upes
MOCJIEIOBATEIHOCT OT CHMYJIAUH CJIEJl IPOMEHH, OCBHIIECTBIBAHU
OT KOMITIOTBEPHUSAT OIIEpaTop.

2.1. Hnwocmpayusa na npunyunume Ha umMepamueHo —
UHMEPAKMUGHUA NOOXO00
Tyk e mpexacraBeH 0OII MOAXOJ 32 ONTHMH3AIMSA HA JESPCKUTE
TEXHOJIOTHH, 0a3upaH Ha WHCTpyMeHTapuyma Ha MAGMAS.4 3a
CUMYJIUpaHEe Ha JEAPCKUTE TEXHOJIOrMu. Toi € WIIOCTpHpaH Ha
npuMepa Ha TEXHOJNOTMYHO pelleHue 3a QopMmupane Ha
aBTOMOOMJIHA [pKaHTa 10 MeTojJa 3a JieeHE C  Ta30BO
MPOTHBOHANISITAHE WITH NIPHU JIeeHE MO HUCKO HaJlsraHe, HO C yCHex
6 MOT'BJI Ja ce Mpuiara W Nnpu KOKUIHO jeeHe. IlomxoasT ce
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CbCTOM B INPUIIAraHETO Ha IOCJICAOBATEIIHOCT OT KOMIIIOTBPHU

CHMYJIALIMHU Ha 3aITbJIBAHETO U KPUCTAIN3ALMATA HA OTIIMBKATA, IPH
KOUTO CE€ OCBIIECTBSBAT LICJICHACOUYCHU IPOMCHU B TEXHOJOTHATA
Ha 0a3a Ha aHaJIU3 M OLICHKA Ha MOJIydeHUTe pe3yaratd. [IporechT
CTapTHpa ¢ Taka HapedyeHaTa ,,HaTypaJlHa CHMYJAIHs", IPH KOSTO
(dopMupaHeTo Ha OTJIMBKaTa ce OCBHIIECTBIBA BHB (opma C
MaKCHMAJHO IPOCTa TEOMETPHsI — MapaseenuIe]] WiH IHIHHIBP.
B MAGMAS5.4 1 ce reHepupa ¢ HHCTpyMeHTa “Automatic mold”.
Pesynrature OT TakbB THIl CHMYyJAlMs JaBaT IpelcTaBa 3a
XapaKTepa Ha 3aIlbJIBAaHETO HAa KyXWHATa Ha Jiespckara ¢opma c
TEYeH MeTall M BHJa Ha KPUCTAIU3ALMATA, IPOU3THYAILA TJIABHO OT
reoMeTpHsATa Ha OTIMBKara. Te odepTaBaT M OCHOBHHTE
€BEHTYaJIHU Je()eKTH, ABIDKAILN CE HA TEOMETPUYHUTE OCOOCHOCTH
W CBBP3aHOTO C TSIX pas3lpefeNieHHe Ha MacuTe B OTJIMBKara. Ha
0a3zaTa Ha aHaJM3a HA TE3W PE3yJITaTH ce MpeAnpHeMar W IIbPBUTE
TIPOMEHH B TEXHOJIOTHITA C IIeJI eTMMHUHHUPAHe Ha Ae(eKTHTE.

Ha ®ur.1 e npencrasena reomerpusata B 3D Ha aBTOMOOMITHATA
[okaHTa. M3mos3BaHara criaB 3a oTiuBkara ¢ AlSi7Mg ¢ HauanHa
temneparypa Ha Jeene 700°C. 3a ¢Qopmara € wus3bpan
napanenenunes, o0XBalall OTIMBKATa C ¢IHAKBA JAUCTAHLHUS BbB
BCHYKH MOCOKH. 3a LEJUTE HAa CHMYJAlMUTe TS Ce Hpearonara
u3paboreHa ot cmiaBra X38CrMoV5 1 ¢ HavanHa Temmeparypa
300°C. Ha ®ur.2 e umoctpupan noiaydedoro c MAGMAS .4

Y

Que. 1. I'eometpus 3a ,,Hatypanna” cumymnanus

pasnpeaeICHUe Ha ra3oBaTa MOPHUCTOCT B OTJIMBKATA.

Vi TWNOT

orosty
amn 5308 10000 %

@ue.2. Kpurepuit “Porosity” npu ,,HarypanHa”

CuMyJianusa

ITepBUAT (akTOp, ¢ KOWTO MOXE Ja ce BiMse Ha XOoJa Ha
KpUCTAIU3aLMATa € pa3Npese]IeHHeT0 Ha Macute Ha Qopmara.
Hanpumep, 3a a ce ocUrypH HaCOUEHa KPUCTAIU3ALMS B IIOCOKA OT
pHMa KbM CIIULUTE Ha JDKAHTaTa clie/Ba a ce 0QOpPMAT CTpaHUYHU
BJIOXKKH C IO-TOJISIMA Maca MpU puMa U nepudepusita Ha CIHULHUTE.
dopmara B cpejara OKOJO CIHIUTE CleBa ChUIO 1Ia Obae
H3ThHEHA 3a Ja PabOTH Ha I0-BHCOK TEMIICPATYPEH PEXUM OT
ocraHanute yactd. Llenrta e cruuuTe Aa KpUCTAIM3UPAT HOCICIHH
U TO B IIOCOKa OT nepudepusita kbM Jeska. CiaeaBaliky TO3H aHAIIU3
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U ChOOpa3siBaiiki ce ¢ XapaKkTepPHUTE M3MCKBAHMS HAa MEXaHUKATa
HAa TEXHOJOTIHWsTa, 0sixa 0()OpPMEHH [BE ChpLAa — TOPHO U JOJHO,
YeTUPH BJIOXKKM W €IMH pa3cekaren. ['eomMeTpusTa Ha HOBHTE
(dhopmoobpasysamiu ¢ nokasana Ha Our.3. Taka ce CTHTHA 10 HOB

@ue.3. Teometpus Ha popmooOpasyBarure.
1. Crpannunu Bioxku; 2. 'opHo cbpruel; 3. TopHo cepue 2; 4
Pascexarern; 5. JlonHo cbpLe.

BapHaHT Ha TEXHOJIOTHATA, YUHTO pe3ynrar 3a kpurepus “Porosity”
Ha MAGMAS .4 ¢ nokasan Ha ®ur.4. Bukna ce, ue n30paHoTo

Que.4. Kputepuii “Porosity”. Bapuanr 2.

pasmnpezeneHne Ha MacuTe BbB (hopMOoOOpasyBaluTe € peaynupaio
CBIIECTBEHO IOPUCTOCTTA B PUMa 10 HE3HAUUTENIHA CTEICH W ©
OCHTYPHUIIO JKEJIAHUSI XapaKTep Ha KPUCTAIN3ANUATA B CIHIUTE, HO
HE € yCIIUIO Ja eNMMHHHpPA MPOOIEMHUTE 30HM B TepudepusaTa Ha
okaHTaTta (TepMUYHHTE BB3IH Ha Pur.4). I[lo-HaTarbirHO
noJo0peHne Ha TEXHOJIOTUSATa OOMKHOBEHO CE€ THPCH ChC CHCTEMA
OT OXJIQJIUTEITHU KaHAaJIH, KaTo moka3anute Ha dur.5. EQekTsT oT

Quz.6. Kpumepuit "Porosity”, Bapuanm 3

TSIXHOTO BIWSIHME € WIIOCTpHpaH Ha @uHr.6 ¢ Mony4eHoTo
pasmpeneneHue Ha rasoBata mopuctoct. HabmonaBa ce »KenaHoTo
HpEeMEeCTBaHe Ha TEPMUYHHUTE BBH3IM B [I0COKA KbM MHTATEIs, HO HE
U CITMMHHUPAHETO MM. SIBHO BIMSHHETO HA OXJIAUTEIHUTE KaHAIH
HE yCIsiBa Ja Mpeojojiee ChbOTHOLICHHETO Ha Macute, HOpMHpPAHO
OT reOMETpHsATA Ha OTJIMBKaTa. ETO 3a110 NpH CIeABALIMAT BAPUAHT
(Ne4)  O6e  BwBemeHo  audepeHnHpaHo — obMasBaHe — Ha
(dopmoobpasysamure, mokasanu Ha dur.7. Herosusr epexr, Kakto
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@ur.7. Mupepennupano o6Ma3BaHe Ha TOPHO &) U JTOJHO 0)
chbIa. 1. TononnoBonHa o6Maska: 2. H30JIalMOHHA 0OMa3Ka.

C€ BWXIa OT IIOPHUCTOCTTAa Ha dur.8 6e JO0CTaThb4Y€H 3a Ja C€
npeoaoICAT TEPMUYHUTE BB3JIU U Ja C€ IOJY4YU €IHA HABCAKBAC
IUIbTHA, KAYCCTBEHA OTJIMBKA. 3a MoCIEAHOTO CBUACTEIICTBA U

e TV
Poaoaty

4min520n B3 %

@ue.8. Kpurepwii ,,Porosity”. BapuanT 4.

Kpurepus 'a MAGMAS .4 — “Microporosity” Ha @ur.9.

@ue.9. Kpurepwii “Microporosity”.

2.2. Memoo 3a aémomamuuHa QEMOMAMU3AUUA 6
MAGMAS5.4

To-HaTaThIIHO pPa3BUTHE WTEPATHBHHUTE MOAXOAM HAMHpPAT B
CHMYJIMpaHe Ha BapHAHTH Ha TEXHOJIOTUSTA B KPalHHO MHOXKECTBO
OT TOYKM BBB (DA30BOTO MNPOCTPAHCTBO HA  OINpEEIAIINTE
TEXHOJNOTMATAa MapameTpu. ToBa MoraT na ObJar KakTo
TeOMETPUYHH TaKa U TEXHOJIOTMYHH MapameTpu. BbB Besika OT TAX
ce mpecMsATa CTOWHOCTTa Ha MPEABAPUTENHO Mojg0paHa 3a LenuTe
Ha ONTHUMH3AIMATA LeieBa (GYHKIMS, CIE KOETO C pPasIMYHH
MareMaTHYeCKd METOJM C€ HaMuparT HEHHUTE eKCTPEeMyMH
(rmobamum MurEMyME HiH Makcumym) B9,

KbM TakpB KJIac OT MOAXOQM ClelBa Ja MPUYUCIUM U
npeanaranuiT B MAGMAS4  wmeron 3a  aBTOMaTHYHA
ontumuzanys. Toil e 6a3upaH Ha TeHEPUPAHETO HA MHOXKECTBO OT
BapMaHTH Ha TPETHpaHATa JieIpCKa TEXHOJOrMsa. 3a nenra e
BbBCJCH HOB TIEOMETPHYEH  OOEKT napaMeTpU3UpaHu
reomeTpuyHH obekTH. ToBa Morar a ObAaT BCHYKH KOMIIOHEHTH
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Ha CHCTeMaTa OTJIMBKa-(hopMa: MbPTBH IJIaBH, ChPIa, KOMIIOHEHTH
Ha JesKoBaTa cucTeMa U Jp. TexHHTe pa3Mepu ce 3aiaBaT He C
KOHKPETHU AUMEHCHUH, a B apameTpuueH Bui. Ilo To3u HauuH npu
TEHEpHPAHETO Ha BapHAaHTH HA TEXHOJIOTHMATA TE3U INapaMeTpu
MOTaT Ja MpoosTBaT KpacH Opoif 3HaYEHMSI.

2.2. Asmomamuuna onmumuzayus ¢ MAGMAS.4

Tlo-momy mie n3M0KMM HOAX0/1a 32 aBTOMATHYHA ONTHMH3aIH,
Bp3npuer B MAGMAS.4. Toli wu3uckBa mapaMeTpU3UpaHe Ha
00eKTHTe, KOUTO I CE BapHUpaT.

2.2.1. Iapamempusupane na zeomempuunu 06eKmu

Ile mmocTpupaMe NOAX0AA 3a MapaMeTpU3als Ha IpUMepa Ha
UWIMHIPUYHA MBPTBa I1aBa 3a jeeHe. Ha ®wur.10 e mpencraBena
TeOMETPHATA Ha MBPTBA IVIaBa B CEYCHHE MO HEHHUS AUAMETBD.

2 mm)

@u2.10. MBpTBa I1aBa ¢ M30JIaIus

PanuycsT Ha MBpTBaTa riasa e o3HauyeH ¢ RF, a Bucounnara i ¢
HF. JlebennHara Ha m3onanusATa € npeacTaBeHa karo DS. Bewakm
n30pOCHH JI0 TyK O3HAYEHHMS ca ITapaMeTpH, KONTO MOTarT Jia 3aeMaT
pa3NUYHM 3HAYEHHWS HE3aBUCUMH €IHO OT JAPYro 3HaueHUs.
PamnycweT Ha m3omamumsaTa RS u Helinara Bucoumna HS ce sBsBat
¢ynxuu Ha RF u DS, u va HF u DS, cbotBeTHO, a uMeHHO RS =
RF + DS u HS = HF + DS. Ha ®ur.11 e nokaszan mpo3opeusT Ha
MAGMAS.3, B KOHTO ce BIDKZAT O3HAuYeHMATa Ha W30pOCHUTE
napameTpu. bykBata “X” o3HauaBa, ue BENMYMHATA CIEJ| Hed €
HE3aBUCHM TIapaMeThP, a 3HAKBT “f(”, Ue clenBammaT mapameTsp
e ynknus Ha pyru mapamerpu. I1o To31 HaUMH MBpPTBATA T71aBa €

4 (3] Test2 op
4 (9] Feederand Sleeve

X RF
X HF
X DS
f(l! RS
foo HS
& oo
& oyl 002

-
o
o

%
%

Feeder/ID 1
Sleeve/ID 1

@ue.11. Tapamerpu u GyHKIHMN

HnapaMeTpu3MpaHa M TOTOBa 3a M3MOJI3BAHE IIPU I'eHEpUpaHe Ha
HelHH BapuaHTH. [lo ToOmOOEH HA4YMH Cce TpeTupa BCEKH
TeOMeTpHYeH OOEKT, KOHTO cieaBa 1a ObIe BapupaH IpH
ONITHMH3AIMATA.

2.2.2. Cv30asane na zpynu om napamempusupanu ooekmu

I'eomeTpuuHusAT Mojenuep Ha codryepa xaBa BB3MOXKHOCT OT
Ch3JaBaHe Ha TPyNH OT EAHOTHIIHM  MapaMeTpU3UpPaHU
TEOMETPUYHN OOEKTH pA3MOJOKEHH 10 KPbI WIH Jbra, IO
oTHarpex n30paHa TpaeKTopus Wi noBbpxHocT. Ha ®dur.12 ToBa e
WIIOCTPUPAHO Ha NpUMEpa HAa CTOMAHEH NPBCTEH, IPH KOWTO ce
Bapupar Oposi ¥ pa3NoJIOKEHHETO Ha MBPTBHUTE IJIaBU U JjBa BUIA
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oxjaauTenu. B To3u ciaydaid, OCBEH ue ce IPOMEHAT pa3MEpUTE Ha
OXJIAAUTENNTE, T€ MOraT Ja ObJaT BKIIOYBAHH WM HM3KIIOYBAHU
HPH TEHEPUPAHETO Ha BapHaHTH OT TexHonorusaTa. CodryepsT naBa
BB3MOXKHOCT J]a C€ CUMYJIHUpA IO IIbJIHATa TeHepalys OT BapuaHTH,
HO IpeAjara U MeToA 3a reHepupase, HapedeH “SOBOL”, koiito
CIIeCTsIBa TOJIeMHs OpOif BapuaHTH Ha ITHJIHOTO KOMOMHUpAHE, KaTo
CBILIEBPEMEHHO OCUTYPsIBa CXOJUMOCT KbM ONTHMAJIHUS PE3YTaT.

G

@Duel2. OntuMu3anyst Ha TEXHOJIOTHS 32 GopMupaHe Ha
CTOMAaHEH NPBCTEH.

2.2.3. Ileneéu pynkyuu u uHCmMpymMeHmMapuym 3a u3zoop Ha
onmumainen pesyimam

B anroputbMBT 3a onTHMH3aLUs MoraTr jAa OBJAaT BKIIOYECHH
KaKTO KpHUTepHaNHH (GYHKIMH, HM3YUCIABaHH OT codryepa mpu
CUMyJIMpaHe Ha OTACIHUTE BapuaHTd Kato ,Porosity”,
“Microporosity”, “Soundness”, “Cooling Rate” u apyru, Taka u
nebUHUpaHH KpUTepHUHM OT HoTpedurens. Te mpencraBisiBaT
LeJIUTe, KOUTO CJIeABa Jja ce JOCTUTHAT NpH onTuMmu3aimsaTa. Ciex
KaTo ca MpecMeTHaTH BCHYKH BAapHAHTH Ha TEXHOJIOTHATA,
MAGMAS5.4 npeanara Habop OT Juarpamd, TaOmWOUd U
KOpeNaMoHHN MaTpHUIH 32 Obp3 U yao0eH u300p Ha ONTUMAIHOTO
pelieHue. 3a WIIOCTPAlMs Ha Ka3aHOTO e pasriefaMe pUMep Cbe
CTOMaHEeHa OTJIMBKa BBbB (hopMaTa Ha IpeceyeHa NHUpaMuIa —
Owur.13. B ropHus # kpail € MO3UIMOHUpPaHA MapaMeTpU3upaHa
MBPTBa IIaBa C H30JIALHS.

Z [mm]

L

MwspTBa riaasa

222X (mm)

Oxaaaure

@ue.13. Tlpumep chc CTOMaHEHA OTIIMBKA, hopMIpaHa B
msichyHa hopma

Bapupar ce HeHHuAT paauyc M HeifHaTa BHCOUYMHA, KAaKTO €
noka3aHo Ha @ur.14. OxymaguTensT ChbIIO B3MMa YdacTHE B
ONTUMH3ALMATA KaT OMBa BKIIIOYEH WM U3KIIOYEH NP T'eHepHpaHe
Ha BapUAHTUTE.

0 Design Variables

‘Design Variable
¥ Geometry RF - Radius na MG
¥l Geometry HF - Visochina na MG
| Design Variable |
V¥l Geometry cube2 001 - active

| Lower Limit (mm) l Upper Limit (mm) | Step (mm)
500 200.0 500
150.0 600.0 150.0

Due. 14. ITapaMeTpu Ha ONTUMHU3ALUATA

35

CodTyepbT caM reHepHpa IeOMETPHYHO BapHAHTHTE M CHMYJIHpa
(dopMHMpaHeTO Ha OTIMBKAaTa IIPU BCEKH OT TAX CBIVIACHO
nedunupanute ycnosus. Ha @ur.15 BapuanTtute ca npeacTaBeHu

"

M P 2 g ”
'/, Start Sequence XA WS BN
&3

DesignID | Geometry RF - Radius na MG (mm)
500

1000

1500

2000

500

1000

1500

2000

9 500
1000
1500
2000
500
1000
1500
2000
500
1000
1500
2000
500
1000
1500
2000
500
1000
1500
2000
500
1000
1500
2000

Geometry HF - Visochina na MG (mm)
1500
1500
1500
1500
3000
3000
3000
3000
4500
4500
4500
4500
6000
600.0
600.0
600.0
1500
1500
1500
1500
3000
3000
3000
3000
4500
4500
4500
4500
600.0
600.0
600.0
6000

Geometry cube2 001 - active

Number of designs: 32 Unfeasible: 0

@ue.15. I'enepupann Bapuantu. [lapamerpu.

Duplicate: 0

cbc cBoute napamerpu. [locnenHusaT mapaMersp B Tabiumara ot
®ur.15 npencraes yuactuero Ha oxjamutens. Ilpu ,,0° Tol He
ydacTBa B mpoleca Ha (opMHpaHe Ha OTJIMBKaTa, a mpu ,,1¢
HPHUCHCTBA M y4ACTBA KATO OXJIAAUTEIL.

Kato mepBH pe3yirar OT ONTHMH3ALMUATA TE3H OT BapHaHTHTE,
KOHUTO yJOBJIETBOPSIBAT MIOCTABEHHUTE L[EIN CE€ MAaPKHUPAT ChC 3EJICHO
KBaJ[paTye U ce M3BEXKAAT Ha IIbPBa MO3UIHA B CITUCHKA — QUT.16.

Rank Design Reduce Porosity (-)
| | Rank1 Design12 0.0
|| Rank1 Design 16 0.0
] Rank1 Design 28 0.0
[M] Rank1 Design 32 0.0
|| Rank1 Design 8 0.0
Rank 6 Design 24 215
Rank7 Design11 12718
Rank 8 Design 31 150.58
Rank9 Design 27 164.08
Rank 10 Design15 176.02

QDue.16. BapuaHTH, NOCTUTHAIM LIENITA

o

o
hdamin 8% 10000 %

@ue.17. Kputepuii “Porosity” 3a Bapuantu 8 u 28
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B koHkpeTHus ciydall mocTaBeHara LN € Ppealu3HMpaHETO Ha
MHHHMAJTHa TIOPUCTOCT U TS € MOCTUIHATa, KaKTo Jo0pe ce BUXK/A,
npu ner or BapuaHture. CodTyepbT mnpemyara W JeraiiHa
UHGOpMAIMA 33 PE3yNTaTHTe OT CHUMYJALMATA IIPU BCEKH OT
Tpetupanute BapuaHtTH. Ha @®ur.17 TakaBa wuHpOpMarus
WJIIOCTPUpA Ta30BaTa MOPUCTOCT MPH ABa OT YCIICIIHUTE BapUaHTU
or @url6. MAGMAS.4 mpemmara HIKOJIKO HWH(MOPMATUBHU
JMarpaMy, KOUTO IIoMarat Ha IOTpeOHTeNs Aa IOJIyYd MaKCHMalTHa
uHpopmarms 3a nonydenute pesyaratu. Ha dur.18 Bapuantute ca
IpecTaBeH: rpaUuHO MOCPEACTBOM MOAXO AN TPAEKTOPUH.

14
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@ue. 18. BapuanTture, IpeJCTaBEHN KaTO TPAEKTOPHH

IeneBata (yHKIUS, IOPUCTOCTTA € Pa3MOJOKEHA BBPXY
NocleaHaTa BepTHKaia. IlocpencTBOM IUTh3rauya BBB BHA Ha
YepBEHO TPHUBIBIHMYE MOXKEM Ja BapHpaMe CTOMHOCTUTE Ha
MOPUCTOCTTA KAaTO TO ABW)XKMM IO BepTHKajaTa. TpaekTopuuTe, Ha
BapMaHTUTE, KOHTO pEAJM3HpaT MOPHUCTOCT Hax u30paHarta
CTOMHOCT OTMmaaaT OT auarpamata. [lo TO3M Ha4yMH IUTB3TaHKH
TPUBI'BIHUYETO OTrOpe Hajody ENUMHHHpaMe BapHaHTHUTE C I0-
BHCOKa IIOPHCTOCT, a OCTaBaT caMO Te3M C Io-Manka. Hakpas
OCTaBaT CaMO T€3M C MUHHUMaiHa nopuctocT. Ta3u curyauus e
nokazana Ha @ur.19. [Ipennara ce u auarpama (Pwur.20), kosTO

]

LTI
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Due.19. Pepykuus Ha BApUAHTUTE JI0 ONTHUMAJIHUTE

R T —p—

@u22(0). OueHKa Ha CTEIICHTa Ha BIMSHUE HA OTACITHUS
napameTsp
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[IOKa3Ba BIMSHUETO HAa BCEKM OT OTACIHUTE MapaMeTpH BBPXY
ueneBata (QyHkiusa. Biokpa ce, HampuMmep, uYe paaMyCchT Ha
MBpTBAaTa I71aBa OKa3Ba Hali-CUJIHO BIMSHHUE, TOKATO OXJIAIUTENAT €
¢ Hail-cmabo TakoBa. [lpyr Bua gmarpama IBK IIOKa3Ba
KOpenaluuTe MeXAy yJacTBaluTe BeauuuHu — Our.21.

MlGﬂl
Que.2]. KopenaunoHHN MaTpULIN

OKOHYATEJIIHO, H3MEXAY BapuUaHTHUTe, pealu3upalld HyJeBa
MOPHCTOCT, CICBA 1a ce U30epe MKOHOMHUYCCKH Hal-H3roqHUAT. B
ciydasnrt, ToBa € BapuaHT 8, Thil KaTo Nnpu HEro paHIeMaHbT Ha
OTJIMBKAaTa € Hail-BUCOK.

3. MAGMAS.4c+m

Ot moBeue ot nBe rogmHd MAGMA GmbH npeanara Ha
na3apa HoBus cu moxynr MAGMAS.4c+m 3a cumynupane Ha
nporecute npu GopMUpaHe Ha MACHYHU ChPIA X ONTHMH3UpPAHE Ha
TEXHOJIOTMUTE 3a TAXHOTO Mpou3BoACTBO. Toil Moaenupa
aJIeKBaTHO KaKTO IIPOLIECHTE HA M3CTpesBaHe Ha (HOPMOBBUHHMS
ISICBK M Ta30BHTE IIOTOLM Taka M IPOLIECHTE Ha CBBbP3BAaHE U
BTBBpP/SIBAaHE.
MoaynbT npeasara CleJHUTE Bb3MOXKHOCTH:
CHMyJHpaHe Ha (popMHUpaHeTO Ha MSICHYHH ChPIa C OPTaHUIHI
W HEOPTaHWYHU BTBBPIUTEIH;
MOJIeNMpaHe Ha MOTOIUTE Ha Ta3a U GOPMOBBUHHSA ISICHK B
MSICBKOCTPYHHUTE JIF03M M BEHTHJIALMOHHH KaHaH;
CHMYJIHpPaHe U OI[eHKa Ha ()OPMHUpAHATA SIKOCT B MSICHUHHTE
Chplia KakTo NPH OPraHUMYHU CBBP3BALIY BEIIECTBA, Taka U MPU
HEOpPraHWYHHU.

Ha ©0a3zata Ha MoJenmpaHeTO Ha OCHOBHHUTE (DHU3UYECKH
mporecu npu Gopmupane Ha mackyHHTe chpua MAGMAS.4c+m
npeyiara MHOXKECTBO PE3yJITATH W KPUTEPHUH, KOHMTO JaBaT
BCECTPaHHa MPEJCTaBa 3a MPOTHYALINTE MPOLECH U KayeCTBOTO Ha
¢dopmupannte w3znenus. EnvH oT BaxkHHTe QakTopu ce sBsiBa
HAJITAHeTO Ha rasa B cucreMara. HeroBorto pasmpeneneHue Moxe
Jla ce BUOM BBB BCEKM MOMEHT OT Mpolieca, KaKTO € MOKa3aHOo Ha
dur.22.
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@ue.22. Hangrane Ha rasa B CHCTeMarta
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CodryepbT mpenoctaBs Bb3MOXKHOCT JACTAIIHO Ja Ce MPOCICIST
CKOPOCTHTE KaKTO Ha msichuHHuTe yactuiy (Pur.23), Taka u Ha raza
— ®wur.24.

Q@ue.24. CkopocTH Ha ra3a

[{utupannTe BeNMMYMHE NMAT OTHOLICHHE KBbM ITbpBaTta (aza Ha
mpolieca — 3aIbJIBaHeTo Ha Gopmara. Te ca CBbp3aHU U C epo3usirta
Ha IOCJIe/IHATA, 3a KOATO coTyepa mpeasara creluaneH KpUTepuit
—“Mold Erosion”, mpezncrasen Ha ®ur.25.

Mold Erosio

Empty
150.0
1393
1286

=i - - s
" bl
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429
321
214
107

@ue.25. Kpurepmii —‘Mold Erosion”

Tlono0OHu kpuTepun 3a oleHKa Ha BTOpaTa (a3a — BTBBPISBAHETO
ce MpeIarar 3a pa3JIMuyHUTE TIpoLecH Ha CBbp3BaHe. Hampumep, 3a
PU Cold Box mpomeca kpurtepus “Absorbed Curing Gas”,
npencraBeH Ha ®ur.26 gaBa  mpeacTaBa  3a  CTENEHTa Ha
BTBBP/SIBAHE HAa CHPIIETO.
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®ur.26. OtHOCUTENEH [T Ha abcopOUpaHus ra3
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4. 3axnouenue

ABTOpPBT ce HajsdBa, Y€ M3JIOKCHOTO II0-TOpe € yOeIUTEeIHO
IokazarencTBo 3a Toa, y¢ MAGMADS.4 m3kimounTenHo edhukaceH
U yHUBEpCAJEH MWHCTPYMCHT 3a HaMHpaHe Ha ONTHMAaJIHU
TEXHOJIOTMYHM  PELICHUS, OCHTYPSIBAllM  BHCOKOKAYECTBEHHU
OTJIMBKH, KAKTO M 33 3HAYUTEIHO MOBHIIABaHE Ha €(EKTUBHOCTTA
Ha MPOEKTAHTCKO-pa3BoOilHaTa JEHHOCT, a ChIIO Taka U 3a
MIOCTHTaHEe HAa BUCOKM MPOM3BOACTBEHM DPE3YJNTATH C MHUHHUMAJICH
pa3xox Ha cpencrBa. CrenoBaTesHO TOH ce sBSBa M MOIICH
MHCTPYMEHTApUyM 3a IOBHIIABaHE HA KOHKYPEHTOCIIOCOOHOCTTa
Ha U3II0JI3BALINTE TO JESPCKH GUPMU.

NMCTIX-BAH e u3kimounTeneH U opUIAaIeH TUCTPHOYTOP
Ha mporpamuute npoayktd Ha MAGMA GmbH 3a Bearapus,
BkirounTenHo 1 Ha MAGMAS.4. Toii e oTopusupaH KakTo na
mpojaBa JMILEH3M 3a IOJN3BaHE Ha MpOrpaMHuTe, Taka U Ja
CKJIIOYBa JOTOBOPH 32 OKa3BaHE Ha TEXHOJOTHYHA IOMOII H
peanu3upaHe Ha KOHKPETHH IIPOEKTH C W3BBpIIBaHE Ha
CHMYJIAIlM{ ¥ ONTUMH3AINH Ha KOHKPETHH JIeIPCKH TEXHOJIOTUH.
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U3CJEJABAHE Bb3JENCTBUETO HA ®JIIOCH BLPXY TBBPJIOCTTA T10
BPUHEJ (HB) HA CILJIAB AlSi12CuNiMg

RESEARCH OF THE IMPACT OF FLUXES ON BRINELL HARDNESS (HB) OF AlSi12CuNiMg ALLOY

A. Velikov, Y. Boichev, K. Petrov, B. lvanova, R. Rangelov
* BAS - Institute of Metal Science, Equipment and Technologies
with Hydroaerodynamics Center “Akad. A.Balevski®, 67 "Shipchenski Prohod" Blvd., Sofia.
**TU - Sofia
E-mail:anmabg@yahoo.com

Abstract: In the work was studied the influence of different fluxes on the Brinell hardness (HB) of piston aluminum alloy AlSi12CuNiMg.

Analysis and conclusions were made.

KEYWORDS: ALUMINUM ALLOY, BRINELL HARDNESS (HB), PISTON ALUMINUM ALLOY

Buveeoenue

Ou3uKO-MEeXaHUYHHUTE M TEXHOJIOTHYHU CBOMCTBA HAa aTyMUHHS U
ATyMHHHEBUTE CIUIABH B MHOTO TOJsIMa CTENeH 3aBUCAT OT
ChABPIKAHMETO HAa HEMETalHH BKiIouYeHHs B Tsix [1]. Tasose,
OKCHIM, KapOHIH, HUTPUIH, YacTH OT (pyTepoBKaTa Ha IEIIUTe U
Ip. HapymaBaT IUTBTHOCTTa Ha OTJMBKUTE, HAMAJISIBAT SKOCTHUTE
UM TIOKa3aTeNd, XEPMETHYHOCTTAa MM, BJIOIIABAaT JIEIPCKUTE
CBOWCTBa Ha CIUIaBHTE W MEXaHWYHaTa MM 0OpadoTKa M T.H.
Hemerannure BKIIIOUeHHs ca €1Ha OT OCHOBHUTE NPUYMHH 3a Opaxa
10 OTJIUBKHTE, 0COOEHO 32 OTTOBOPHH TaKHBa.

MznomsBanero Ha (uirocw 3a HamasiBaHETO Ha 3aryOuWTe IIpH
TOIICHE U MPEAOTBpaTsIBaHe Ha Opaka € OCHOBEH METOI.
M3znomsBanuTe QIrocy 3a afyMHHUEBH CIUIAaBH TPsIOBa J1a OTTOBApST
Ha CJICTHUTE U3UCKBAHUS:

1./la npeanasBar MeTana OT OKMCIEHHUE U ra30HaCUIIaHe.

2.Jla oTcTpaHsABaT HEMETATHUTE BKIIOUCHNUS B CTOIMIIKATA.

3.Jla He TPOMEHAT ChCTaBa Ha CIDIABTA Upe3 OTCTPaHSIBAHE HA
HSIKOU €JIEMEHTH OT Hesl MM BHACSHE Ha TaKUBA.

4.J1a ce OTAENAT JIECHO OT TOIMIIHMUS arperar ¥ OT CTOIMIIKATa, pu
MHHHMAITHH 3aryOH Ha MEXaHUYEeCKU BKIIIOUEH B IIJJaKaTa METa.
5.Jla ca MMHMMaJTHO XMTPOCKOIIMYHH ¥ Ja 3ama3BaT KauecTBaTa CH
HPOJIBIKUTEIHO BpEMe.

6./1a He B3auMOZEHCTBAT ¢ (hyTepoBKaTa HA MEIIUTE U JEIPCKUTE
ycTpoiicTBa 3a 3aimBaHe (Ko(H, dyepnany U Ip.) WIA ¢ THTIUTE, B
KOHTO C€ TOIH CIIIAaBTa.

7.da 6paaT Ge30macHu 3a 3paBeTO Ha paOOTHHUS TIEPCOHAI.

8.Zla umar Touka Ha TOmeHe, ONM3Ka J0 Ta3W Ha aTyMUHHEBHUTE
CILJIaBH.

9.J1a He ca CHIIHO JICTJIUBU.

10./1a ca cbC cpaBHUTEIHO HHUCKA LIEHA.

[TocTuranero Ha BCHYKU TOPEN30pPOCHU KayecTBa HE € BB3MOXKHO.
3a pasIMYHHUTE CIOydaW ce Hajara NpHaraHeTo Ha (IIocH ¢

pasnuueH cbcTaB. JlelicTBHETO Ha (IIOCHTE € MpelMeT Ha
HENpecTaHHo u3ciesBane [2].

Ien

Ilenta Ha HacTosmaTa paboTa € Aa ce M3CIeABa BIUSHHETO Ha
Pa3NYHH 1O TIPOLEHTHO

ceabpikanre Ha NaCl, KCIl, NaAlFg u CaF, ¢urocn, BbpXY
MEXaHWYHUTE MMOKasareiau Ha OyranHa cmias AlSil2CuNiMg.
BbmopocHata cmaB ¢ moabpaHa IOpagd  TOBa, Y€ IIpU
MPOM3BOACTBOTO Ha Oyrama (0COOCHO TPH TPAaBUTALIOHHO
3ambiBaHe Ha MeTadHu (OpMH), clie]] MeXaHWyHa oOpaboTka ,
3aryOuTe OT CTPYXKH, JICSIKOBa CHCTEMa, MbBPTBH [JaBH U
NpENMBHULK € ChIIECTBEHA. B mpeauinmHo usciensane[2] Oe
usnosseana cas AlSi6Cu7Mg, kosto crio karo AlSi12CuNiMg
¢ OyramHa, HO MOJYYEHHTE PE3yATaTH OsfXa 3a SKOCT HA ONBH H
JIMHEWHO YABIKEHUE.

3a ONON30TBOpSIBaHE HA MeTana, OCTAaThK CJEA MEXaHHYHa
00paboTKa, € HEeoOXOOMMO HErOBOTO CTOIsIBaHe, 00paboTka H
nocieiBanio  u3non3BaHe. Tyk ce TMpoOsiBsIBA pOJIATa HAa
rOpEOIHCAHHUTE (ITFOCH.

EKcnepumeHmaJma yacm

HNscnenpanusara ce NpoBenoxa 1o clieHaTa METOAMKA:

MeranHaTa IKXTa Ce ChCTOEIIE OT CBEXK MeTall, 00pe3ku (JIesH,
MBPTBU IVIaBU U NPEJUBHULMU) U CTPYXKKU, B chboTHomeHue 3:1:1,
KaTO BTOPUYHHMAT MeTal He Oe mMojularaH Ha IpeIBapUTEIHO
obe3macisiBaHe U CymIeHe. TOMEHeTO ce IPOBEAe B THUIJIOBA
€JIEKTPOCHIIPOTHBUTENHA el C Yyr'yHeH THren. TuremsT Oe
mpeaBapuTeNIHO oOMa3aH ¢ OTrHeymopHa o0maska, 3a Ja ce
MpEeOTBPATH Pa3TBApSHETO HA XKENIA30 B CTOIIIIKATA.

Taonuya 1.
Hé_l Qo ChbcraB B TeryioBd %
NaCl KCI Na;zAlFg CaF,
[ 50 50 - -
Il 60 25 10 5
1 60 25 15 -

Omocute 0sXa MOIOPaHU MO ChCTaB B TETJIOBHU MPOICHTH, YAUTO
CTOMHOCTH Ca ITIOMECTEHH B Ta0. 1.

Bsixa mpoBemeHH oceM IUIaBKM, Karo JBe OT TiIXx- 0e3 ¢urocopa
00paboTKa, a BCEKH JIBE OT OCTAHAINTE MIaBKU Osxa 00paboTeHU C
¢mrocose I, Il u Ill, B xommuectBo 15 % OT KOJHYECTBOTO Ha
METaJIHUTE OTHMAABbIIM M METAIHHUTE CTPYXkH. IlnaBkute Osixa mo
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JIBE, 32 JIa Ce MOJIy4H W3BECTHA MOBTOPSEMOCT U OT TaM- IO-TOJIsIMa
JOCTOBEPHOCT Ha Pe3yJITaTUTE.

Crnen cromsiBaHe, CIUIaBTa OT IIECTe IUIABKH O€ TpeTHpaHa CbC
CHOTBETHHS (IIIOC TIPH TeMIIepaTypa Ha MeTaja 730°C.



INTERNATIONAL CONFERENCE "FOUNDRY 2019"

IIpo6uuTE 06pasy, TvIl ,,rp0a", 05Xa OTIIATH B CIICLIHATHO
u3paboreHn MetaHu Gopmiu (¢ur.1), HIOATPATH OO TeMIeparypa
200°C.

Ha ¢ur.2 ca mokazanu oT pa3nuueH paKypc OTJISATH IPOOHU
obpa3umu.

Due. 2

Bceekn enuH oT onmTHHTE 00pasny Oe pasps3aH Mpe3 IEHTHpa Ha
LUHJIMHIPUYHATA YacT Ha OTIMBKaTa. J[oJHarta YacT OT oTpesa Oe
MEXaHMYHO  O00pabOTeH 3a IOCTHUIaHeTO Ha  IOJXOAAIIA
noBepxHocT. Cresy MexaHM4HaTa OOpabOTKa Ha 3aroTOBKUTE 3a
OIMTHU 00pa3uy, Te OfXa M3MUTAaHU C ypeA 3a TBBPIOCT IO
bpunen ,,EQUOTIP” B UMCTIIXA-BAH. Bcesika moBbpxHOCT O€

M3MHMTAHA B YCTUPH PA3JIMYHH TOYKH, OTCTOSIIA HA 5 MM OT
BBHIIHATA TOBBPXHOCT HA OTIMBKAaTa M pas3mnonoxeHn Ha 90
rpaayca eqHa oT Apyra.

Pesynrarure ot u3nuranusta Ha HB ca momectenu B Ta61.2.

Taonuya 2.
Ne
Ha TJTaBKaTa HB
BUJ (ITIOC
TouKa 1 TOUKa 2 TouKa 3 TouKa 4 CpeaHo
1, 2 (6e3 droc) 90 91 90 91 90,5
3, 4 (pmroc I) 92 93 93 93 92,75
5, 6 (daroc II) 93 93 94 93 93,25
7, 8 (dhmroc 1IT) 95 95 95 96 95,25
H3e00u: Jumepamypa:
1.Ilpu cmmaB  AlSil2CuNiMg sCHO JIHYH  TIOJIOKHTEIHOTO 1.CnaBoB P. u np. ,HapbuHuk 3a jeeHe Ha I[BETHH METald U
Bb3lelicTBUe Ha (QurocoBaTta 00paboTka BBPXY TBBPAOCTTA MO craBu.“Texuuka“.C.1976.
Bpunen (HB). 2. Bemmkos Amnren *, fBop Boitues *, Kpym Ilerpos **, Panren

2.Pesynrature ot m3cnenBaHusATa ca no-n06pu npu ¢imrocu Il u 1l
cbe chabpikanue Ha kproiuT (NagAlFg) 10- 15%.
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PanrenoB **.’U3cienBaHe BB3AEHCTBHETO Ha (UIIOCH BBPXY
SKOCTHMTE  KadectBa Ha  cmiaB  AISI6CU7Mg”. XXV
MEXIYHAPOJHA HAVYHO TEXHUYECKA

KOH®EPEHIIA ,,METAJIOJIEEHE 2018”.18-20 ampun 2018.
[Inesen. P buarapus.
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MOBBIIIEHUE N3HOCOCTOUKOCTH JUTBIX TETAJENA MAIIIAH

IMPROVEMENT THE WEAR RESISTANCE OF CAST PARTS

I.T.H., npodeccop @ypman E., k.T.H. ®ypman UL.E., acnupant Yconsies E.
Vpansckuii ¢penepanbHbIil yHUBepcUTeT NMeHH 1epBoro [Ipesnnenrta Poccuu b.H. Enpiuna, . Exatepun6ypr, Poccniickas ®exepanns
El.furman@urfu.ru, foundry@inbox.ru, e.a.usoltcev@urfu.ru

Abstract.. The results of the investigations of methods to improve the steel and cast iron parts wear resistance are presented.
KEYWORDS: WEAR RESISTANCE, SURFACE WETTING, SURFACE ALLOYING, STRENGTHENING

1. Beeoenue

Bonbmioe xonmaecTBo geranel MalivH BBIXOST U3 CTPOS U3-
3a TOBEPXHOCTHOrO H3HOca. CyIIeCTBYIOT Pa3IMYHBIE CIIOCOOBI
HOBBIIICHUS] HM3HOCOCTOMKOCTH JeTajel, Takue KaK HalllaBKa,
HaIlbUICHHE U3HOCOCTOMKMX MaTepuajoB Ha MOBEPXHOCTH JeTajeil,
TOBEPXHOCTHAs 3aKanka W T.n. Hambomee pemeBbIM crocobom
NPUJaHKUS TOBEPXHOCTH JMTHIX JeTalell CleHHalbHBIX CBOMCTB
SBJISICTCS. METOJ MOBEPXHOCTHOTO JICTHPOBAHMS, IO3BOJISIONIMIL
COBMECTUTH IIPOLIECC HW3TOTOBJIEHHS OTIMBKM W YINPOYHEHHS €
Han0oJjiee M3HAIIMBAeMON YacTH ITyTEM HaHECEHHUs Ha IIOBEPXHOCTD
JUTEWHOH  (OpMBI  YINPOYHSIOIIETO  IOKPBITUS,  KOTOpOE
B3aHMOJICHCTBYET C 3aJIMBaCMbIM METAUVIOM M HEPEeXOIUT Ha
TIOBEPXHOCTh OTJIUBKH.

2. Peszynomamul u ouckyccusn

W3ydeHsl 0COOEHHOCTHM TMPOIECCOB, MPOTEKAIOIUX IIPH

YIIPOYHEHHH TOBEPXHOCTH OTJIMBOK IOpPOIIKAMH, HAHOCHMBIMH B
BuAe OOMa3Ku Ha TMOBEPXHOCTh (opMel. B  a3tmx memsix
TIPUMEHSIIICh KapOuabl Boib(dpaMa, THTaHA U TUPKOHMSA, OOpUIBI
THUTaHa U LUPKOHUS, HUTPHUJ TUTaHa, a Taioke cruaBbl BKS, T15K6,
T50N50 m paznuunbsle Mapku ¢eppoxpoma. Kak wmsBecTHO, mpu
UCIIOJIb30BAHUM  KPYIMHO3EPHUCTBIX  TYTOIUIaBKUX  IOPOILKOB
Benymieil cramueil ()OpMHUPOBAHHUS YHPOYHEHHOTO CJIOS SIBIISIETCSI
KaNnWULIPHOE  NPOHMKHOBEHWE  pacilaBa B MEXK3epeHHBIE
TPOMEXKYTKH [1]. DTOT mporecc CymecTBEHHO 3aBICUT OT yCIOBHI
CMaYMBaHUs METaJUIOM HCIIOJIb3yeMBIX MaTepranoB. KpaeBbre yrist
CMauMBaHUs, W3MEPEHHBIE C MOMOINBIO BHACO(PHUKCAINN B KOHIE
Ipollecca pacTeKaHus KaIllUIM paclljiaBa o IIACTUHKE, TIPUBECHBI B
tabmuie 1. BumHo, yro npu wucnonszoBanuu WC, TiC, BKS,
T15K6, ¢eppoxpoma QopmupoBaHHe KOMIO3HUIMOHHBIX CJIOEB
MOXKET MPOUCXOANTH 0€3 IMPHII0KEHHUS TOTMOTHUTEILHOTO IaBICHUS
3a CYeT KaNMJUIIPHBIX CHIL.
Ilockonbky BpeMs KOHTAaKTa JKHIKOTO MeTaula ¢ OOMasKkoi
JIUTeHHOH  (OpPMBI  OTpaHWYEHO, MPEACTABIAIOT  HHTEpec
KHHETHYEeCKHE 3aKOHOMEPHOCTH MPOHNKHOBEHHMS PacIliaBa B HOPHL
IIpu BbICOKOTEMMEPATYPHON MPONMUTKE MNPOABHIKEHHE pacIuiaBa
paccMaTpuBaeTCsl KakK BA3KHUH IPOLIECC, KOTOPBI ONHCBHIBAETCS
YpaBHEHUEM

m'cosﬁp

1312 =
@ ZnN

L,

Taon. 1. Kpaegvie yenvi cmavueanus pacniaéa Ha ocHoge dicene3a
MY20NAABKUX MAMepuanos, 2pao.

rae | — rmyOuna nponMTKE; G U 1| — HOBEPXHOCTHOE HATSDKCHHE U
BSI3KOCTb JKMIKOCTH; I — paguyc mop; N — CTpYKTypHbIH
ko3¢ ¢umuenT; t — Bpems. [Ipu 5ToM mpearonaraeTcs, 4To KpaeBoi
Yroj HMEET PAaBHOBECHOE 3HayeHHe Op, a MEHMCK BOTHYT H
JIaBJICHUE B HEM MOHUKEHO.

VccnenoBaHne KHHETHKM IPONMUTKH ITOPHCTHIX 00pasIoB
(mopucrocts 37-45%) w3 WC, TiC, ®X800, BK8 pacmaBa Ha
OCHOBE JKeJIe3a IPOBOJMIN METOIOM HETIPEPHIBHOTO B3BEHINBAHUS.
Pe3ynbTaThl HEKOTOPHIX OIBITOB MPEICTaBICHBI HA PHC. 1.

12, cw?

0 a,1 0,2 a,3 0,4 0,5 t,c

Puc. 1. Kunemuueckue kpusvie nponumxu obpasyos usz BK8 (1);
DX800 (2) u WC (3) uyeynom c 3,5 mac. % C npu 1300 °C

ITpornuTKa MPOMUCXOMUT BeCbMa OBICTPO (CKOPOCTH HOPsaKa
10-50 cm/c). BumHo, uto 3aBucumocTh (1) cobmromaercst MHIIb Ha
KOHEYHBIX CTaAWsX Tmpoluecca. B HauaimbHble MoMeHTH (~0,lc)
HaOJIolaeTCsl  MOCTOSIHCTBO  CKOPOCTU  MPOIMTKH. ITO, TO-
BUIMMOMY, CBSI3aHO C T€M, 4YTO 00BbEM paciulaBa B KalWUIIpe
BEChMa MaJl U BSI3KOE CONPOTHUBJICHHE HEBEIHMKO. B Takux yciIoBHsX
JKMIKOCTh TOYTH OECHpPEIsITCTBEHHO IIOCTYHaeT K MEHHCKY,
JIMKBHMPYS €r0 BOTHYTOCTS, T.€. TIepenas AaBiieHui. [IoBepXHOCTh
CTaHOBMTCA TUIOCKOH, a axTuueckuit kpaeBoit yrom Oy,
(bopMupysich B YCIOBHUIX HaTekaHus, npuommkaercs Kk 90°. Ipu
9TOM IPOLIECC CAEPIKMBACTCS OTPAaHHUYCHHON CKOPOCTh CMaYHMBaHHs

Pacrias wWC TiC ZrC TiB, ZrB, TiN BK8 | TI5K6 | T50N50 | ©X800 | X025
Fe (xapborumbHOR) 3 51 82 84 86 93 16 31 88 7 11
Fe+0,5% C 15 53 89 92 106 - 21 35 92 19 23
Fe+1% C 31 56 92 - - - 29 43 104 24 33
Fe+2% C 36 61 99 - - - 36 54 117 31 46
Fe+3% C 45 72 103 - - - 41 62 126 38 55
Fe+4% C 64 86 121 - - - 58 70 132 49 64
Crans 35J1 24 60 81 83 86 98 15 38 63 12 21
Cepsiit uyryH (3,5% C) 53 82 119 98 105 115 44 61 74 30 52
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KHAKUM METAUIOM IIOBEPXHOCTH Kamwuwipa. Ilepemeruenue
HepUMeTpa  CMauMBaHMS  HPOUCXOAMT  HOJ  JeHCTBHEM
HEypaBHOBEIICHHOr0 HaTsukeHus Ac=c(C0s 0, — C0S O;) co
CKOPOCTBIO

AcOQITERT  pycosé,
T kTty  cosB, +1

T7ie Vo — CKOPOCTh CMAa4YMBaHUS B HayaJbHBI MOMEHT; () —
aroMHbIil 00beM; K — mocrosHHas bombumana; Ty — mHepuon
KoJIcOaHHs aTOMOB.

Tlo mepe mnpomutku yBenuumBaercs Bbicota (l) cronGa
JBIDKYLICHCS KHIKOCTH U BSA3KOE CONPOTHBICHHE B €€ oObeme,
CKOpPOCTh JOCTaBKHM paclulaBa K IepuMeTpy CMadMBaHUS
YMEHBIIACTCSI.

JloGaBneHne B jKele30 MOBEPXHOCTHO-aKTHUBHBIX KHCIOpOIa
H Cepbl MaJo CKa3blBaeTCsi Ha CKOPOCTH IIPOIMTKH B IIEPBBIE
MOMEHTBI BpPEMEHH, YTO CBS3aHO C OBICTPHIM OOHOBICHHUEM
TOBEPXHOCTH paciuiaBa. Ha KOHEYHBIX CTagusx Mpomecca 3TH
3JIEMEHTHI yCIIEBAIOT ancopOupoBaThCs, YMEHBIIAIOT
TIOBEPXHOCTHOE HATSHKCHUE U CKOPOCTU MPOHNUKHOBEHUSI.

IIpn mMoBepXHOCTHOM JIETUPOBAHUY OTIMBOK XXKHUIKHH METall
CONPHKACAeTCsl C XOJOIHOW IOBEPXHOCTBIO (GopM. DTO MOXKET
BHECTH W3MEHEHHS B 3aKOHOMEPHOCTH INPONMUTKU. Bbuia cosnana
YCTaHOBKa, IIO3BOJIAIONIAS IPHBOJUTE B  CONPUKOCHOBEHHE
XOJIOAHBI O0pasen W3 Marepuaiza OOMAasKH C MEeperpeTeiM 0
OTIpENIeNICHHON TeMITepaTyphl pacilaBOM M (PUKCHPOBAThH TIyOUHY
TIPONHUTKU BO BpeMeHH. OIBITH NPOBOAWINCH KaK Ha BO3IYyXE, TaK
U B KOHTPOJHPYEMOii aTMocdepe.

Taxke ObUTM W3y4eHBl KHHETHYECKHE 3aKOHOMEPHOCTH
HEN30TEePMHUYECKOIl IIPONMUTKH TIOPUCTHIX 00pa3LloB pPa3INYHOMN
BBICOTHI (0T 5,0 10 25,0 MM) U3 penuTta, peppoxpoma u crutaBa BK8
pacriaBaMi CHUCTEMBI JKeNe30-yIiepoa mpu Temneparypax 1250-
1550 °C (puc.2).

[, cm
8 -

2 / % L 1 1
1300 1400 1500 T,°C

Puc. 2. Biusnue memnepamypul 3a1U6KU CEPO20 YY2YHA HA 2ILyOUHY
JIe2UPOBAHHO20 CILOSL U3 PEUma Npu PA3iuyHol memnepanype
CIMeHoK

1-50mm; 2—30 mm; 3— 10 mm

Buauane HaOmomaercs WHKyOarmoHHbIA nepuoa. Ero
HPOJO/DKUTENBHOCTh  YBENHMUYMBAETCA € POCTOM  TOJIIIMHBI
IJJACTUHKA M BBICOTHl MOPHUCTOTO 00pasla M YMEHBIIAETCS C
HOBBIIIEHUEM TEMIIEPATyphl paciuiaBa. Hammune mHKy6armoHHOTO
Nepruojia IOKa3bIBACT, YTO CMAuMBAaHUE HACTYNAET JMIIb I0CIE
mporpeBa oOpa3na [0 ONpENENIeHHOH TeMmeparypbl. 3areM
MPOUCXOJMUT HPOIUTKA, CKOPOCTb KOTOPOH 3aMETHO MEHbIIe
(nmopsizka 0,1 cm/c), 4yeM B M30TEPMHUYECKHUX YCIOBUSIX AaxKe IIpU
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TeMIepaTrype IJaBleHus clulaBa. TeueHue mpolecca ONMUChIBACTCS
JIVHEHHBIM 3aKOHOM. CKOpPOCTH MpONUTKU YBEIWYMBAIOTCS C
MOBBIIICHUEM TEMIIEPaTyphl METAlIa U C YMEHBIICHUEM BBICOTHI
obpa3ma, UTO  YyKas3blBaeT HA  CYIIECTBEHHOE  BIUSHUE
tervionepenady. ONBITBL TOKA3QJIM, YTO CKOPOCTh IPONUTKA
o0pa3noB u3 penura u eppoxpoma pacmiaBoM Fe+3,0%C Bemre,
gem Fe+4,0%C, x0T uX Temopu3nIecKre CBOHCTBa 03K, DTO
yKa3plBaeT HA Ba)KHYI0 pOJIb CMAa4YMBaHUS HE TOJBKO IIpU
MOCTOSTHHOH TeMIepaType, HO U B yCIOBHUSIX TEIMI000OMEHa.

B pabote [2] pocT rayOMHBI HEM30TEPMHUYECKOI MPOIUTKH
IIPU TOBBIIIEHUH TEMIEPAaTypbl MeTalia OOBSCHEH TOIBKO
OombIIMM BpEMEHEM MpeOBIBAaHUS IOCIEIHET0 B  KHUAKOM
cocTossHUM. OHAKO OIBITHI MOKA3ajH, YTO B YKA3aHHBIX YCIOBHAX
BEJINYMHA CKOPOCTH TNIPUMEPHO Ha OAWH IOPAIOK HIDKE, 4eM B
H30TEPMHYECKHX. DTO YKa3bIBaeT, YTO CMadMBaHUE UMEET MECTO
IIpU HEepaBeHCTBE TEMIIEpaTyp CTEHKH Kalmwunsipa M MeTajula.
[oBeIIeHne TemIepaTypsl paciulaBa W HOpUCTOro obpasma, a
TaKKe M30TEPMHYECKOH CKOPOCTH CMAuMBAaHUsS YBEIWYHUBAET
CKOPOCTH IPOIHUTKU B HEU30TEPMUUECKUX YCIOBHAX.

Wsyuena nponwuTka gyrynom (2,95% C; 0,16% Si; 0,5% Mn)
oOpasnoB u3 penmra, ¢eppoxpoma u ciutaBa BKS8, conmepikammx
npumepHo 0,2% 3THICHIMKATa, aTroModocdara, KUIKOTO CTEKIIA,
MyJabBepOaKenTa, CyJIb(UTHO-CITUPTOBOM Gapsl Win
¢denondopmanpaeruaapix  cmon  OP-1 u  Kd-90. Darocamu
CITY)KWJIU colia, Oypa, XJIOPUCTHIN Kalui ¥ HaTpuil. B He#TpanpHOi
atMocdepe 1 Ha Bo3ayxe oOpasusl ¢ amoMopochaTHOH CBIZKOH U
STUICHINKATOM  HE  INPONUTHIBAIOTCS, 4YTO  CBA3aHO  C
00BOJIaKMBAaHUEM YAaCTHI] TBEPABIMHU IUICHKAMH, HE CMauHBaEMBbIMHU
yyryHoM. B 3ammrHON atMocdepe CKOPOCTH MPOMHUTKH 00pa3IoB,
COZIepKaIlNX OpraHHYECKHe CBA3YIOIINE, a TAKXKe JKHIKOEe CTEKJIO,
MPAaKTUYECKH HE OTJIMYAIOTCS OT TaKOBBIX JUI CHEYESHHBIX
MarepuaioB Oe3 cBs3yrommx. MHas kapTuHa HaOmromaercs Hpu
B3aUMOJCHCTBUHM pACIUIaBOB C JICTUPYIOIIUM IIOKPHITHEM Ha
Bo3ayxe. OOpasiel 6e3 cBA3yronmx U coaepsxkamue cMoisl OD-1 u
K®-90, mynsBepOakenmuT W Cynb(HUTHO-CIIUPTOBYIO  Oapay
MPONHTaTh HE YHAETcA. DTO CBA3aHO C TEM, YTO TOHKHHA CIOH
CBSI3YIOIIETO 32 KOPOTKOE BPEMs YCIICBACT Pa3JIOKUTHCS U CTOPEThH
M, TakuM o0pa3oM, He 3allUIIaeT pPEeIuT OT OKHCIICHUS.
OOpa3zoBaBmIascsi OKHCHas IUICHKA 3aTpyJHsAeT NpomuTky. IlIpum
BBEJICHUHM (IIOCOB B 00pa3lbl C OPraHMYECKUMHU CBSI3YIOIIMMH
CKOpOCTh M TJIyOMHA TpPONUTKH Ha BO3JYyXE YBEIHMYMBAIOTCS.
OddexTrBHOCTE neiicTBUs (arocoB Bozpactaer psagy Na,COs,
NaCl, KCI, Na,O- B,0O3. HaubGonbimasi riiyOrHa MPOHAKHOBEHHS
HaboaeTcst mpu BBeAeHUH B 00pa3isl 0,5% Oypel. B aTom cirywae
MIPONUTKA HA BO3MAyXE HMPOUCXOAUT C IOYTH TAKOH K€ CKOPOCTHIO,
KaKk B 3amuTHOW armocdepe. [Ipm nobaBkax >KUIKOTO CTEKJIa
(0,15%-0,2%) ckopocTu mporiecca B HEUTpaibHOH aTMoc(epe U Ha
BO3JyXe OJHMHAKOBBL. JKWIKOE CTEKIO MO OTHOIICHUIO K PEIUTY
BBITIOJTHSIET POJIb HE TOJIBKO CBSI3YIOIIET0, HO U (IIIoca M 3aIlniaeT

ero 3epHa oOT okucieHus. Ilo3ToMy TmpH TOBEPXHOCTHOM
JIETUPOBAHUM YYTYHHBIX OTJMBOK PEIUTOM  I€JIecoo0pa3Ho
UCIONB30BaTh B  KAueCTBE CBA3YIOLIETO JKHIKOE  CTEKJO.
IlpuMeHeHHe JpPYrUX CBA3YIOUIMX HEXKEIaTelbHO, TaK Kak

TpeOyeTcsi JOTONHUTENEHOE BBEICHHE (IIFOCOB, KOTOpBIE, Kak
NPaBWJIO, NPUBOAAT K 3aCOPEHHMI0 KOMIIO3HLIMOHHOIO  CJIOS
HEMETAJUTMYECKUMH BKITIOYEHUSIMU.

BrnusiHME TONIIMHBI CTEHKU OTJIMBKU M TEMIIEPATYPhI 3aJIUBKU
Ha [NIyOUHY JISTHPOBAHHOT'O CJIOSI pEeACTaBieHo Ha puc. 2. Tak xe,
KaK B OIIBITaX, NPOBEACHHBIX B HEU30TEPMUYECKUX YCIOBUSIX,
MponuTKa 00Ma3Ku B hopMe HauWHAETCS, KOTJa YyTYH Meperper He
MeHee 4deM a0 1250°C C yBenmuueHWEM TOJIIWHBI CTCHKH U

TeMIlepaTypsl  TNIyOMHAa  JIETHPOBAaHHOTO  CJIOS  BO3PACTaeT.
[IpuBenieHHBIE Ha pHUC. 2 JaHHbIE [O3BOJSIOT  ONpPEAENATH
TEMIIepaTypy 3alUBKH, HEOOXOAMMYIO Ul TIOJNYYeHHsS Ha
NOBEPXHOCTH  OTJIMBOK ~ KOMIIO3UIIMOHHOTO  CJIOS  3aJaHHOMI
TOJILMHBIL.
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[IpoBeneHo cpaBHEHHE H3HOCOCTOMKOCTH OOpasloB ¢
YIPOUHEHHOH IOBEPXHOCTBIO M3 CEPOTr0 U BBICOKOXPOMHUCTOTO
(MYX28) uyrynoB u ctamu 35JI. VcnoblTaHust NOpOBOIMIIUCH
ra3oabpasuBHOM  cTpyeld, a  TaKKe  3aKpeIUICHHBIM U
He3akperuieHHbIM  abpasuBoM [3]. B omimdnme OT OOBIYHBIX
MaTepHajoB IPOIecC H3HOCA 00Pa3IOB COCTOSII U3 ABYX JTanoB. B
TIepBBIE MOMEHTHI BPEMEHH NIPOUCXOIUT NPUPabOTKa IIOBEPXHOCTH,
KOTOPOH COOTBETCTBYET MaKCHMalIbHasi CKOPOCTh W3Hoca. [Ipm
3TOM HaOII0JaeTcss WHTEHCUBHOE MCTUPAHHE MATPUIBI MEXIY
TBEpABIMH 3epHaMu. IlOBEpXHOCTb CTAHOBHUTCSA IIEPOXOBATOM.
Janee usHoC 3aMeniseTcst Oarofaps Tak Ha3bIBAEMOMY TEHEBOMY
s¢dexTy BBICTyHAalOIMX 3epeH. B cilydae 3aKpeiieHHOro Hu
HE3aKpeIUIeHHOro abpa3uBa CTOWKOCTh YYT'YHHBIX 00pasIoB,
YOPOYHEHHBIX PEIUTOM, COOTBETCTBEHHO B 28 M 17 pa3 Bblle
crampHbIX (35J]) m B 33 m 20 pa3 BB CTOMKOCTH YYTYHHBIX
(CU18-36). B ciyuae ra3oaOpa3sMBHOTO BO3JCUCTBHS MPH MAIBIX
yrnax araku (~10°) M3HOC YHIPOYHEHHBIX OOpa3IOB HIDKE, YeM
ctanbHbIX (35J1), B 5,7 paza u uyrynneix (CH18-36) B 9,6 paza, a
nipu G6oupIux yriaax (~90°) — B 15 u 16 pa3 cooTBETCTBEHHO.
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3. 3axnwuenue

OmpeneneHbl peXUMBl TTOJy9eHHsT W3HOCOCTOHKHUX CJIOEB Ha
MOBEPXHOCTH CTANBHBIX M UYYTYHHBIX OTJIMBOK M3 OOMasK# C
MOPOIIKAMH KapOuI0B TYrOILUIaBKUX METaJIJIOB u
BBICOKOXpoMHuCTOro uyyryHa tuma WYX28. Uzyuenune wusHOCa
YIPOYHEHHBIX 00pa3loB MOKa3al0 3HAYUTENBHOE YBEIHYCHHUE
N3HOCOCTOMKOCTH ~ YIPOYHEHHBIX 00pasloB IpH  Pa3IUYHBIX
peXMMax W3HAIIMBAHUS.
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MATERIALSCIENCE - MATHEMATICS AND PHYSICS FOR EVALUATION OF
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Abstract The base process was obtained: 3D hardening temperature field for the K-test under heat transfer at conditions with maximum
intensity. A methodology for determining macro-level defects in aluminum alloys. It is definitely the placement of the K-test method in the
process of creating the first order phase transition in a casting technology. The idea of interaction between the classical theory of
crystallization and quantum mechanics for the processes of structure formation at casting was introduced by Stefan’s task in volume with

nano-size.

Keywords: MATHEMATICS, PHYSICS, MICROSTRUCTURE, ALUMINIUM ALLOY, TASK OF STEFAN IN NANO-SPHERE

1. Introduction — mathematical basis of the
foundry; material evaluation (metal, alloy
(primary, secondary), ceramic casting)

The basic processes of material science are: casting and heat
treatment, collectively called die-casting. On Fig. 1 presents a
diagram of methodology and connectivity of the most important

fundamental scientific areas for high-tech production of the smallest
producer (detail).

COMPLEX SYNERGY OF NECESSARY SCIENCES

MATHEMATICS MATHEMATICAL
. (COMPLEZX) SICS
THEORY OF ¢ P THERMODYNAMICS
DIFFERENTIAL PHASE TRANSITIONS
EQUATIONS

SCIENCE BRIDGE

THEQRY OF
HEATCONDUCTIVITY
TASK OF

STEFAN-SCHWARTZ
-

(COMPLEX)
i

i

r
INDUSTRIAL
MATHEMATICS

MAGMASOFT
and
CASTEP

Fig. 1 Synergy (a complex combination) of high-tech foundry science of a
single manufacturer (detail). The connection between mathematics and
mathematical physics is a science bridge between software MAGMASOFT
[26] and CASTEP (first-principles calculation) [27].

The working properties of the materials are determined by the
structures, which have to describe their creation through the
connection between mathematics and mathematical physics from
the science bridge (Fig. 1). Fundamental knowledge in industry is
used through computational software (Fig. 1).

Mathematics we present in general with work [1] and today it is
used everywhere; in research it has become a working language
because every science is differentiated through it. Work [2] and the
whole development of mathematics has shown that there is no
complete (mathematical) mathematics, but it develops itself from an
inner necessity without the use of physical experiments. Methods of
advancement in theoretical physics are presented in [3]: The
principles of quantum mechanics are new ideas observed in
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experiments and described through mathematical formalism
(mathematical theories). The functional link [4] entropy (S) and the
probability of the state (n) of the system is eq. of Boltzmann in
general with a constant for determining S = kinz + const, where k is
a Boltzmann constant. The difficulty in determining this constant is
the separation of the set of dynamic states of the phase space (0%),
where f — the number of degrees of freedom of the system.
TpyaHocTuTe 3a ompenensHe Ha Ta3d KOHCTaHTA € pas3leisiHe Ha
MHOKECTBOTO oT JAUHAMHU4YHHA CBhCTOSIHHUSA Ha CI)aSOBOTO
npocrpanctBo (0¥ ), kpaero f — Gpoii Ha cTeneny Ha cBoGoxa HA
cucremara. Thus (oo2f) is separated into very small cells of the same
(hyper-volume) ©: 1. Classical statistical mechanics - indefinite
multiplier in m; 2. Quantum mechanics - introduces discrete
quantum states: the division of (o) is of cells with hyper-volume
hf, where h - the plane of Planck. In [4] is presented the atomic heat
capacity based on the Debye temperature quantum mechanics.

Experimentally, a reduction in nanocrystalline Cu and Pd grain
size reduction was observed [5].

The material science we present on [6, 7, 8, 9, 10, 11, 12, 13,
and 14]: 1. Metal science and hardening [6, 7] - from the electronic
structure of the atoms, between atomic bonds, crystal structure,
defects and real crystal, properties, X-ray analysis, crystallization
and solidification of metals and their alloys; 2. Solid State Theory
and Physics of Metal [8, 9, 10, 11,] Atomic view of building-
properties from classical physics and quantum mechanics. We note
a natural methodological connection from a fundamental point of
view between works [6+11]. Work [12] is an important
development for a generalized pattern of strength properties -
toughness and resistance to demolition materials; 3. The history of
material science is presented by work through separate editions of
[13] i.e. a dynamic process of developing learning to teach. We are
interested in the theory of alloys. In different editions, the emphasis
is on the inclusion of new knowledge of competition in the
economy. A problem is a release of knowledge; 4. Principles and
system of stereometric metallography methods are presented in
[14].

The mathematical experiment is a basic tool besides for
research [15] (in pure mathematics discoveries, supporting
theorems, and last but not least appraisal of applications [1, 2]). The
mathematical experiment was imposed in the industry through the
rapid development of mathematical modeling [16]. The [17] is a
presentation of the need of using modern computer technology as an
active tool in mathematical research. For example, MAGMASOFT
is based on modern computer technologies that are constantly being
upgraded for high competition. Work is [18] a fundamental example
of industrial mathematical physics - nano-particles of gold become
corrosively unsustainable. Mathematics is generally a tool that is
often stimulated by need for hypothesis assessment and/or
predictive discovery (in mathematical and theoretical physics).
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Modern Quantum Theory of Solids [19] and modern ideas such
as quantum fluctuations and strong electronic correlations. Different
topics are dealt with: the general theory of phase transitions,
harmonic and anharmonic grids, Bose condensation and
superfluidity, modern aspects of magnetism including resonant
valence bonds, electrons in metals, and strong electron correlations
are seen in terms of ordering and elementary excitement.

The theory of the solid body [20] (or the physics of condensed
matter) evolved after the discovery of quantum mechanics. It deals
with problems related to materials from fundamental to
technological problems (quantum mechanics industry). The
progress of industrialized countries is largely a consequence of
quantum mechanics [20]. Condensed matter (solids) consists of
atomic nuclei (ions) and electrons arranged in an elastic recess.
Describe their interaction. Typical scales known from atomic and
molecular systems are: Radius length of Bohr; Energy: Hartree with
a constant for fine structure. The fundamental theory of common
origin of states is sought: electrons interact with each other and
through ionic coulombic interaction. Effective (reduced) theories
are formulated as an important step (part) of the condensed matter
physics of various common Earth states: metal theory,
semiconductors, superconductivity.

In [21] are presented the main ideas and methods for the current
applications of the variation theory in theoretical physics and
chemistry. The known variational principles of classical mechanics
and optimization theory are addressed by the variation principles,
formalism, and computational methodology of connected and
continuous quantum states of interacting electrons in atoms,
molecules, and condensed matter

From the works [19, 20, and 21] follows the mandatory use of
quantum mechanics in the industry. For example, 34% of the US
economy is based on quantum mechanics. The application of
quantum mechanics in foundry as a first step in Bulgaria is the
methodological proximity of works [6 and 9].

The use of quantum mechanics in the foundry should be from
the preparation of the material to the casting and more important
structural factors influencing the properties of Al-alloys are [24]:
macro size of the grains of the solid solution and the state of their
boundaries; the amount, shape and temperature of the eutectic
crystallization; the amount and size of the secondary phases and their
interaction with the solid solution during the heating process. Physics-
chemical properties affecting the casting strength: micro-resistance of
the solid solution; energetic state of the crystalline lattice of the solid
solution (interatomic interaction forces, character state); atomic diffusion
coefficient of aluminum and diffusion of the atoms of the alloying
elements and impurities in the crystalline grid of the solid solution;
quantity and nature of distribution of crystal lattice defects (vacancies,
dislocation, impurity atoms) and their interaction with the atoms of the
alloying elements. Quantum numbers are: the quantum number is n
and accepts only positive values n = 1, 2, 3, ...; an orbital quantum
number | =0, 1, 2, 3, ... , n-1, 0 < | < n — 1; magnetic quantum
number m; = 0, 1, £2, ..., I, [m;] <I; spin quantum number s -
which occupies only + 1/2 and defines the moment of impulse of

| E——
the electron £z = f/5(5 =11 pauli's principle: In the metal, every
possible state of the electron can be occupied by an electron. The
electronic state is uniquely defined by the four quantum numbers;
there are no two electrons of conductivity with the same four
quantum numbers. Not to be taken into account = Pauli's principle
is: each state is described by three quantum numbers and can be
encountered twice; it is understood that the two electrons in this
state must have the opposite spin. In the electronic gas the impulses
ps (or p) do not have a forward direction, so all p are located within
a sphere with max radius po and volume i'4,.f3:|rrpf,7 where py is the

maximum impulse corresponding to the energy of Fermi's energy

Eo: E0 = Po/2M  \where m — electron mass. [10]. The p, and E,
dimensions are defined by Pauli's general quantum theorem: At any
state of any z-dimensional system corresponds volume #7 in the
phase space (in the impulse space and coordinates). The aim of
work is shown in Fig. 2
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DESCRIPTION OF STRUCTURE FORMATION

CLASSICAL QUANTUM
THEORY {W*HI SCALES} MECHANICS
CONTINUITY DISCRETE
1 [No]
CONTROL OF
LIQUID | )| MATERIAL || QUALITY
MATERIAL K test MATERIAL
USE OF {_@
SOLIDIFICATION

Fig. 2 The place of the K-test in the process of forming the structure in a
first-order phase transition in a casting technology.

2. Computational Physics - Melt Solidification
Temperature Range in the K-Test

The mathematical model for the calculation of the hardening
temperature field is the 3D task of Stefan-Schwarz realized with the
finite element method at the dates: oy = 56000 w/m? K, OlmjAr.media
= 28000 w/m? K, A, =104 w/m K, ¢, = 30,54 J/kg K, p_ = 2500
kg/m®, ks = 83 w/m s K, cg =30,54 J/kg K, ps = 2500 kg/m?, Ty,
A=554+35°C, Q.= 160000 J/kg Topm =20°C, T =558°C
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b) Temperature field of solidification in K-test;

Fig. 3 The role of K-test for the first order phase transition before every
castings is the give important technological information.
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The K-test is a visual estimate of the number of non-metallic
inclusions of the rapidly-validated sample castings (Figure 3a) from
a casting grade. Repeat gravitational flooding in a molten metallic
form is done several times. The transverse grooves on the top and
bottom surfaces of the slab form the places of rupture. It is believed
that the retention of non-metallic inclusions from the melt increases
in the channels due to some retention effect.

In Fig. 4 are represented by: a rapid crystallized test sample for
the K-test (Fig 3a) and the resultant casting structure of a type of
care wheel

K-test

»
SN

——wmgsi
3 # b
A

- g ' 3 ey
< = ¥ Sopm

S

Fig. 4 Lom on the K-test for visual observation. Polycrystalline structures
obtained in local casting volumes: 1 macro-grinding; micro-grindings: (2,1
2,2 2,3); Phases in solid material 3.

Fig. 3 is the most important information: K-test of liquids —
phase transition of first order — real structure of solid body —
work properties. Fig. 4 introduced mathematical experiment:
numerical investigation of the solidification and results Local
solidification velocity. Stefan-Schwartz task is the bridge (Fig. 1)
and it is bridge between theoretical thermodynamics and (metal
physics + theory of solid body).

[3.10.11]
'l'HER_\fIODf{.NAMI(' [2 2 2 2 3 ]
S o BRIDGE  CONTROL
T STEFAN -SCHWARTZ |, PRINCIPLES
POTENTIALS ) o )
CONDITIONS I< - te St ‘LUL'AL IMEOF | o ee
FOR MAGMASOFT [26] _SOLHJII‘ ICATION 1E i
EQUILIBRIUM Qu(y. 2.0 =24V iy}
T E
PARAMETERS STEFAN - SCHWARTZ IN ‘}=‘;R'
20 nm < R, —=-1gm)
SYSI.],M KOSILfﬁTR-LVﬁh'.I-FOl.\l[';- KAISHEV
STATES CUEORTICAL MODEL F STRCCTURE
CONVERSION (6.7.89.10.1112.15.14] FORMATION AT Urm [25]
INTERNAL MATERIAL (ALLOY) - - -
ENERGY METAL CONECTION|  [QUANTUM MECHANICS
ns+217a80 CASTEP 1271

Fig. 5 Mathematical experiment and Computational physics.

Types of Chemical connection: lon crystals lon crystals - the
crystal lattice is composed of oppositely charged ions connected by
an ionic bond; Valence crystals - the atoms are connected in a
crystal lattice with covalent (or homeopolar) bonds; Metals - a
crystalline lattice made up of positive ions, whose repulsive senses
are counterbalanced by free electrons; Molecular crystals - a grid
built of separate molecules or atoms interconnected with
intermolecular (of Van der Waals) forces. It is well known, that
electrostatic nature of chemical connection is attraction and
repulsion of electrical charges [9]. Chemical connection are defined
from electron structure of the interaction atoms and effects of
quantum character of the electrons movement: The energy of
ionization J of a neutral atom is the difference with a negative sign
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(-) between the energy of the atom in its basic state and the energy
of the single (+) ion (also in the basic state). J (measured eV),
associated with the electronic structure, and the periodic change of
the properties of the chemical elements; Energy of the kernel of
electrons (electronic affinity) . Many atoms of chemical elements
are connected to an additional electron by releasing energy equal to
the difference between the energy of the neutral atom in basic state
and the energy of the basic state of the corresponding negative ion;
Electro-negative based on J and ¢ characterizes the ability of atoms
in a molecule to attract electrons to itself, atom A associates an
electron by cleavage from atom B. When Jg — {a < Ja — (g OF Ja +
Ca > Jg + (g the electron will strive to move from atom B to atom A
i.e. Jo + Ca or the semi-sum x = (Jo + Ca)/2 (Mulliken) is a
quantitative measure of electro-negative. The energy of the ionic
(chemical) bond U is the difference from the interaction energy W
and the difference (— J + ) needed to form neutral positive and
neutral ions U =W — (= J + {) = W + J — C. The energy of the ion
crystal lattice between i-th and j-th ions is sum: a potential energy
of interaction Wj; repulsing forces; potential energy of coulomb
interaction W; = X; Wj;. If the surface effects are neglected, the full
energy U of a crystal composed of 2N ion or N molecules is: U =
NW; = NW. Methodology for application is — the necessary work ¢
spent on approaching two charges or half a crystal (ekp) is:
¢ = q,0./4megr, @y, =efdmeor(-e/1 e/2 - /3 +e/4- )

o, ) [
= (= ameyr)in2 , or P2 =CEVATETIE  where @

corresponds of In2 = there is a need for work to create a 3D lattice
of a large number of particles, among which only coulomb forces
Eparrice = (—87/4m07 1@ \Where Eyuyice is the lattice energy, @ is
constant of Madelung [10].In the metal bond, valence electrons are
also called generic. They move in the force field of the atoms of the
lattice, forming the lattice; are not localized around their atoms but
move freely; and interact with one another. In their movement
electrons do not disturb the chemical properties of metals. The
number of electrons of each atom does not change. The energy of
each individual bond in the metal grid is smaller than in a two-atom
metal molecule, and the inter-atomic distances are correspondingly
larger. Metal alloys are solid solutions. The crystal lattices of the
alloys can be: substitution solutions at comparable sizes of different
atoms; incorporation solutions when smaller size atoms are
introduced into the crystal lattice by atoms of larger size. For
describing the structures and properties of metals and materials in
general, quantum mechanics is used to search for the corresponding
solutions of the Schrédinger equation

—REVR ) 2m + V() uir) = Eu(r),

i () = exp(ik. g (T)

up(r) = up(r+ Ty,

where m is the mass of the electron; 7 is a Planck constant; V is the
periodic potential of the interaction electron/(all other electrons); v
is a wave function, a solution to the Schrdodinger equation; K is a
vector defined by the vector base t;, t, and t; of the crystal Brave
lattice Thinans = Nitg+n,oty+nats = T, nois the number of the ordered
numbers (N4, Ny, N3); Uy is a periodic function with the period of V.

Local Crystallization Time = § s STEFANTASK R =50 1m
IS BRIDGE TO S

L Al Si Mg, Fe Mg Si THE QUANTUM
& — MECHANICS IN
. /PE Si 20pm THE SPHERE

- E 2

Fig. 6 Character phases (Fig. 4, 3); sphere R = 50 nm which cannot see in
the scale 20 zm; Local Crystallization Time LCT = (20/10)*=8 /s.

Stefan's task in a sphere with a radius of R, = 50 nm is our
proposal for a bridge between the task of Stephen-Schwartz (the
first-order phase transition) and the general theorem of Pauli's
quantum mechanics [10]. V is volume in Euclidean space; N is the
sum of the electrons of the conductivity (e-gas) n = N/V and:

4 N Iy L2 BE p3m, M
(?pgv=—n=,pn=h(a‘] ; E(ﬁ, '}|—;

E. =
2

0=
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for a particular material (alloy), a necessary geometric matching is
sought for the formation of the polycrystalline structure in the die
by Stefan's task in the sphere volume with radius R = 50 nm:

T.°C
5647
562
560
558

SOLIDIFICATION SPHERE R=50 nm

0,0000005 0,000001 0,0000015 r:J:m:ltbooz
- sec

Fig. 7 Time-temperature curve of solidification of nano-sphere from melt of
aluminum alloy (Fig. 3), i. e. conditions of local solidification.

The process of solidification in a radius sphere, 50 nm is a
convenient tool for connecting foundry (MAGMASOFT) and
Quantum mechanics (CASTEP) software (first-principles). This
software are convention for using the methodology of mathematical
experiment and computational physics [16, 17]. Application of
CASTEP (or other software) to form a real polycrystalline structure
is an important manufacturing tool.

3. Conclusions

1. A 3D Stefan-Schwartz mathematical model is applied in heat
transfer with maximum intensity for a K-test. It is obtain the basic
process in the real casting volume: the non-stationary temperature
field of solidification (separating the latent heat) in the real macro-
geometry in the phase transition zone.

2. Stephen's task in nano-volume was chosen as a bridge
between software of quantum mechanics to description of structure
formation at casting and for example MAGMASOFT.
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Abstract: This paper proposes the idea of a "small volume" in which to consider complicated processes to create structures in phase
transitions of first and second order in the foundry. The small volume is chosen based on the classical theory of crystallization and its use for
quantum mechanics. A numerical solution of Stefan-Schwarz's task was presented by obtaining the temperature field of solidification of a
composite cast in a squeeze casting. This little volume we proposed for a good possibility in the direction for a theoretical possibility of

hybridization of production and technology.

Keywords: ,,LITTLE VOLUME®, SOLIDIFICATION COMPOSITE, 3D PRINTING, ADDITIVE, MICROSTRUCTURE

1. Introduction — science

The phase transition from the first order is an irreversible
process and flows into an open thermodynamic system (OTS). The
dynamic state of the particles in it is represented by the generalized
entropy function [22]:

S=kIn T, €y

where, k is Boltzmann constant. We applied [8] the second low of
thermodynamics in the form of the extend of I. Prigogine [11]

Entropy Internally entropy Externally entropy
of OTS | production of foe flow by fore
l Time :|_ [( irreversible processes / Time |+ interaction 0TS |/ Time
(erystallization)in OTS, with environment
dS dS; dSgy
— =
ordr dr dr . (2)

At the interphase surface (front) is the limited the change of
properties and the thermodynamic state is introduce by Gibbs-
Lengmure isotherm

da/dIne;

— (RTPKia)/(1 + Kiax;) @3)

where - surface tension; Kjor; is chemical activity of i-

componentw; I? is maximum concentration at the front. The
measure of metastability of phases is the different (Aw) between
chemicals potentials (call driving force) while the change is local
equilibrium from anisotropy of surface energy with relation to
isotropic is being determined by Gibbs-Thomson equation:

Ap=py — pg py — ps = ews(RT + R77) (4)

where ., us — are chemical potentials of phases on both sides of
surface front; Ry, R, — curve radii on surface for location; vg —
specific volume (of one molecule) of crystals phase; o - surface
energy [8]. Theory of Kossel-Stransky-Folmer-Kaishev molecular-
kinetic theory. The solution of thermodynamic of equation of Gibbs-
Thomson

In(Py,/P..) = (@12 — ‘F_’ngjfkri (5)

where P,s, P, — the pressure of the surface of the crystal and
environment; ¢y, — the energy for separation (incorporation) of a
particle from semi-crystal state; 5.,,3 — the average energy used for a
particle. The equation much more general [8]. The functional
relation between kinetic motion and velocity of crystallization Ve,
is driving force of crystallization AT, at three growth mechanisms:
1. 2D nucleus formation V~AT,; 2. through screw dislocation
Vcrys~i'LTﬁ; 3. Continuous growth Ve,y«~AT,. Character macro- and
micro-scales on the base of [1;1] in [8 and 9] s
obtained-AVeorr = leorm Tar = DAV d=1,2,3 ®)
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where AV, If,w are correlations scales and local characteristics

volume and timet, d is growth directions; and from [2] we accept
2/d

Tep = l'f@ﬁﬁ ,.-"ID = ﬂﬂfﬁ.’l";—ﬁ'}-l @)

where D, ATy, Vs are coefficient of diffusion, locals temperature

gradient and velocity of solidification.

The aim of this work we present through paragraphs 1.1
additivity, and 1.2 Synergic.

2.1 Additive — know how

Additive It is known that in a production cycle we have a
compulsory sequence of technologies shown in Fig. 1

MELT
PREPARATION

!

CASTING

2

-

DEFORMATION

HEAT
TREATMENT

!

FINAL
SURFACE
TREATMENT

Fig. 1 Know How — Technological additive on the basis of the two basic
processes of material science, casting and heat treatment, where 1 (2) are
two real technological circuits, and various well-known combinations of
technologies can be made.

From Fig.1 we add the technology 3D printer.
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32 Synergic — unification of sciences and structure, properties, article, market, product life, material of
technologies processing:

If Material-science is understand full knowledge we introduced
on Fig.2: by the through the concepts of science, materials,

STRUCTURE-PROPERTIES-PRODUCT

METALS,
AlLoys, CERAMICS, PLASTICS, COMPOSITES.
ENTRANCE 1 2
[ crassicaceavsics || TECHNOLOGIES || NfARKET AND
LIFE OF
S QUANTUM MECHANICS PRODUCT
NO 1
| MATHEMATICS | L
. [ END OF PRODUCT |
MATHEMATICAL PHYSICS
THEORETICAL PHYSICS v
PROCESSING
i /\ OF
NO R MATERIAL

Fig.2 Synergic the least knowledge of the material science needed for the participation of a family or large foundry company in a circular economy. Material
science is unification of sciences: classical physics; mathematics; mathematical physics; theoretical physics, quantum mechanics. Integration of casting
technology to produce an article whose material has a particular structure and working properties for the longest possible life of the product. Integration of
Foundry Technologies we consider as hybrid technology - a combination of foundry machines and 3D printers [].

) . . . ar
4. Materials science in foundry — sciences and at I ﬁ.ﬁ:rrj-[Tﬂx.y.z.'rJ—Tgm-m,.,.m]-

technologies ar

at Wg: i— = gy [Tplr.yv.z. 1) —Tylx.y.z 1]

Composite technologies allow new materials to be obtained dn ) (SS,3)

whose working properties are generally represented by the definition
on the base of well-known results [1, 2, 3, 4] and [5; 6, 7] is: ’

the thermal coefficients of the OTS for a time interval A, including

the filling time of the melt form t = O until the application of the

pressure T = Tgp:

Each composite material is non-homogeneous on a micro scale
because it consists of two or more components of different
chemical composition and a clear boundary between them but is

homogeneous (in properties) on a macro scale. (WPC) 1 = Aup Bags Cup for Te, (1) r
Bridge to unite science and technology in materials science is g_‘f“’”“ for ?' ';ﬂ} r V_;_‘M_
the basic process - the phase transition of the first order. That is the AP F ds [T(r) for Talo)z Tu =41
3—dnpue; 0 ———— forTgit)c [Ta £ AT(T]]
fundamental task at foundry Stefan-Schwarz problem (St-Sch). The 3— i o dr for Ty, (1)< Tu —AT
mathematical model of foundry in 3D case is 5 P s FLAM= oo , (SS, 4)
-equation of heat conductivity from the time of application of pressure to solidification of the
composite castin
aT _ @'T 8T _ 3T Vi UV UV P J
Cepf— —A—— + A—+ A—— inVyp = o 1 — & puey. ForTe(7) vr
e e dx* ¥ dz* o pil VS U 3 - A po o forTp,(x )» Tu+AT
c c ", (SS, 1) 3 — 4 Prce= Ly Qu dSe [T':'r N/ dar forTeit)e[T, £ AT(T)]
3 — A% P Co forTeit)z T, — AT ,(885)
— . _A. 3, —ir =k & +ﬁ=i.”ﬂ:-:ka 1 +k.p,. ef =kqe + ke forT, ,(135 T, +AT
-initials conditions at t=0: 3o- 35 pLel=  cbt Qu dS, [T(rl/dT ForTe, (z)e [T £ AT(D)]
3c gt ke ks Hhadopi=lkyps  +hopa ef=kae,tlepesforTe (v)s T, — AT

Telxyz,t=0) = consty and Tylx.y.z,t = 0) = consty, (SS, 2)

the function of the heat source is approximated by 3-type function
-boundary conditions at t >0: uncti urce 1 approxi Y o-type functi
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L Fa'\*

Sp(T)=5=e ' o ), DeAT(§=(Tm— AT.Tm + AT), at (SS, 6)
W

T+ AT .
-lT. L SETdT =1 o erf

(%} and at % = 2. (SS,7)

The following symbols are used in this model : thermophysical
coefficients A, p, ¢ — thermal conductivity, density and thermal
capacity for the individual parts of the OTS according to the
indices used M - mold, 2 — preform (corundum), L and S — melt
and solid phase of pure Al, lower index C - casting, upper index C -
composite area; lower index EL - final element; kp, ko -
percentage of pure Al and corundum fibers in the composite area; X,
y, z - coordinates of OTS; heat transfer coefficients oys and oy —

at working and external surfaces of the Qf — heat of phase
conversion; T,, — phase transition temperature, the same for the
composite and Al-casting areas; AT — temperature range of T,,;; D —
dispersion of the Sg function; Tarm. — ambient temperature; V,
volume of preform (carborundum) which after filling with Al melt is
the volume of the composite area, — volume of pure Al; V, = mold
volume; Ws and T" — working and external surfaces of the mold.

On Fig. 2 we present General Scheme of the experiment for
production of composite casts by squeeze casting; and Fig. 3 present
solidification of composite at squeeze casting technology:

T SQUEEZE CASTING
— COMPOSITE
&p ALUNINUMN -
- - ADAPTIVE MESH FOR FINITE ELEMENTS - 4RBORUNDUM
THREADS
M
P
W, H
I - ] i r_
C
@ o, Ih“hc
% | 2
' 1
Eu | b) e)

Fig.2 General Scheme of the experiment for the production of composite casts (square slab) of aluminum base by semi-die-casting at pressure P = 150 Mpa:

a) cast C — dimensions: hc, h — cast heights and composite areas, square base with side 2ap; mold M — dimensions Ry — radius, H — height, by - distance from
the base of the casting to the shape of the mold; Ws, 7”— working and outer surfaces of the form; b) a grid of fined elements for solving the Stefan Schwarz task

— 1 for cast with composite area and 2 for cast from pure Al; ¢) microstructure of the composite where (- randomly intertwined carborundum strands,
O a solid melt of pure Al.

a) b) c)
2627 o
COMPOSITE p— 255
T e _ 700 z50°
] PURE Al —_— va -
T =] 262
[=]
— 271

Fig.3 Temperature fields at different moments of time with perfect contact of the preform — melt and composite — melt or hard composite — hard metal: We use
the following numerical values for the above values: H = 0,1m; R = 0,1m; by = 0.02m; a, = 0,05m; h = 0,02m; hc = 0,037m; for the mold - Ay = 54,28
wimK, cv = 460,548 J/kgK, pu = 7860 kg/m®; for cast - preform k, = 15%, 4, = 0,2125 w/mK, ¢, = 1338,8 J/kgK, p, = 555,3876 kg/m®, pure Al ky = 85%
104,675 w/mK, ¢, = 1088,568 J/kgK, o = 2380 kg/m®, As = 209,2750 w/mK, ¢s = 1130,436 J/kgK,/m®, ¢ =89,006 wimK, ¢¢ =12175JkgK, p =
2106,3 kg/m®, 2= 177,9 w/mK, ¢S = 1253,1 J/kg K, pS = 2242 31 kg/m?®, T,, = 660.1 ° C - same for pure Al and composite material, AT=3,5°C, D =
1,51°C, Qg =401932.8 J/kg, = 730 ° C =250 ° C, Tarm. = 20 ° C, heat transfer coefficient at the working surface Ws up to the moment of application of
pressure - aws = 3292,3 w/m? K, after applying pressure to the end of the hardening - aws = 29000 w/m? K and coefficient of the heat transfer on the outer
surface I"of the form - = = 12 w/m* K. The numerical solution of the three-dimensional task is by the finite element method with a time step 67 = 0,001s.

a) Closed unpressurized (i.e. pressure 1 atmosphere) mold with clear preform limit — Melt from pure Al at time point 7= 0,003s, only in casting 720 ° C and
currently == 0,034s in the melt 700 © C, in the form 250C; b) pressure hardening at three different time points in the time interval = 0,14+2,5s, where in the
casting — — — the composite-pure Al, 700 © C-blue border, the hardening front is approximated to the temperature range TS = Tm+ AT and T5= T, - AT, in

the form 255 © C — blue color, 262 © C — yellow color and 271 °C red color; c) — pressure hardening of a cast of pure Al currently 7= 0,14s.

And important Methodology for connection crystallization and
quantum mechanics is in the frame of [16] — work ¢ two charges gy,
g2 should be kept at a minimum distance r (metal chemical
connection MCC) only coulomb forces. According to a classical
methodological principle, is only for ionic crystals [16]:

@ = (gyqz)/(4megr) (MCC)
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Work to bring one positive charge to the end of a chain of
alternating (+) and (-) charges of equal distance r is the coming
expression:

@y = —e* fdmegr)(—e/1+e/2—e/3— ) = (—e* Fdme riin2

or @y = (—e/amegr) &, (Mcc2, 3)
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where @ corresponds of In2 = for work to build a grid of large
numbers of particles N (or Energy of lattice) is

z
EN partictes = (—€”/4meqr) @ and for energy 3D lattice, Ey
particles = Elattice» and @ is constant of Madelung [16, 3]. To describe
the chemical bond, quantum mechanics must be used [3, 16, and
17]. In an electronic approach, the Vigner-Zeitz cell method is used
for solution Schrodinger equation (SEQ) in character volume A8,
and time eq.(6 and 7) are the connection Classical physic and
Quantum mechanics.

—hF pir)/2m+ V(r) Br) = E®r)  3n4 conditions of (SEQL)
v,(r) = exp(ikriu,(r) (SEQ2)
(1) = ug(r+T,), (SEQ3)

where m is the electron mass; A — Planck constant; V is the periodic
potential of the interaction electron/(all other electrons); y is a wave
function, a solution to equation; k is a vector defined of the crystal

Brave lattice Tninons = Nyti+nyty+nsts = Ty, nis numbers (ny, Ny, Ng);
Uk is a periodic function with the period of V.

Composite materials [5, 6 and 7] obtained by casting have great
development potential. For example, heat-physical coefficients
eg.(SS5). The machines and technologies created in our institute
allow create of new composites.

The characteristic volume A3, and time eq.(6 and 7) is a
model of consideration for mathematical and theoretical
consideration of processes to create structures in phase transitions.
This approach allows the conditions of structuring in foundry
machines, technologies and new materials to be stored and used in
new technological solutions. Works [11, 12, 13, 14 and 15] are the
scientific approach to generalization on work-based science [11 and
12].

The well-known 3D printer technology allows additive
engineering summation of ideas called “cross-pollination™ in [20].
Additive manufacturing technologies [18, 19, 20 and 21] is a basic
idea as a molecular science and technique or a multivariate
summary. Technology based on quantum mechanics is evolving,
constantly shifting and capturing new production areas. Additive
Manufacturing [18+21] are tied to a 3D printer. Important moment
in additive manufacturing is combination between new [21]
software and traditional production (for our institute foundry
machines and technologies). In [21] is called ,,hybrid production“
and ,,hybrid machines.

At work [23] it is emphasized the need to describe structures by
quantum mechanics in a "small volume". For us, this is a clear
emphasis on "knowledge transfer" or the most difficult work with
"full knowledge" and "prognosis”. Concentration of research is
precisely the "drop™ model chosen by us (AScorr and time eq. (6
and 7)).

3. Conclusions

A characteristic volume on the consolidation front was obtained
to calculate the microstructure using quantum mechanics software.

It is obtain the numerical result of solidification composite
material at squeeze casting.

3D Printer is additive through its drop and the characteristic
volume for storing the solidification conditions in foundry and
creating hybrid technologies.
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Abstract: Two tasks are enumerated: a task of hardening spheres with a radius of 50 nm and a task of crystallization - the underlying
kinetic equation of formation of new phases. These tasks are rational bridges for multi-scale approach.

There is an opportunity to create additive production with traditional machines and technologies in the field of anti-pressure casting
Keywords: ADDITIVE MANUFACTORING GAS COUNTER-PRESSURE, ,,CORRELATION VOLUME*, 3D PRINTING

1. Introduction

Definition of the thermodynamics: Thermodynamics (from
Greece) [1] is called the general science of energy dealing with the
relationship between heat and mechanical energy and heat
transformations at work and vice versa. The purpose of the article in
[1] is to show the application of the two general principles (1) the
Joule’s Law on Heat and Work Equivalence, and (2) the Carnot
principle that the efficiency of a reversible engine depends only on
the temperatures between which it does work;

The main content of thermodynamics - this is a description of
the conversion of heat into work and, conversely, the conversion of
mechanical work into heat [2]; Thermodynamics: the science that
deals with heat and work, and those properties of matter that refer to
heat and work [3]. Thermodynamics is a branch of physics that deals
with heat and temperature and their relationship to energy, work,
radiation, and the properties of the bodies of matter [5]. The main
meaning in all definitions is preserved, which is an example of
accurate knowledge.

The classical thermodynamics presented in the essay of Table 1:
Table 1: Thermodynamics [1, 2, 4].

1. LIQUIDUS IS HOMOGENEOUS OR HETEROGENEOUS OPEN
THERMODYNAMICS SYSTEM; 2. PARAMETERS: VOLUME V PRESSURE
PARAMETERS p TEMPERATURE T AND AGREGATE STATE; 3. FOR A
SUBSTANCE VARIABLES V, p AND T ARE NOT INDEPENDENT BUT ARE
CONNECTED IN THE STATE EQYATION f(p, V, T) = 0 AND THE SOLUTION
FOR EACH VARIABLE IS A FUNCTION OF THE OTHERS TWO; 4.
EXTENSIVE QUANTITIES ARE: VOLUME (v), MASS (m), ENERGY (U),
ENTALPY (H), ENTROPY (s), BECAUSE THEY ARE PROPORTIONAL TO THE
QUANTITY OF MATTER. INTENSIVE QUANTITIES ARE: DENSITY (p =
m/V) AND TEMPERATURE T, WHICH DO NOT SATISFIES WITH THE
CONDITION OF EXTENSIVE; 5. ANALYSIS APPROACH: THE
HETEROGENEOUS SYSTEM IS DISTRYBUTED AT THE END OR EXRTEME
NUMBER OF HOMOGENEOUS VOLUMES (PARTS). 6. THE STATE OF
THERMODYNAMICS EQUILIBRIUM OF A SYSTEM IS SIMULTANEOUSLY
THE THREE THERMAL, MECHANICAL AND CHEMICAL EQUILIBRIUM.
THE DYNAMICALLY-THERMODYNAMIC STATE IS A COMBINATION OF
DYNAMIC STATES THROUGH WHICH THE SYSTEM REPIDLY MIGRATES
AS A RESULT OF MOLECULAR MOVEMENT; 7. THE SYSTEM HAS A
STEADY EQUOLIBRIUM WITH A MINIMUM OF FREE ENERGY; 8. THE
CONVERSION OF THE SYSTEM STATUS IS EXCHENGED UNDER AN
INCORRECT RANGE OF INTERMEDIATE CONDITION. THEREVERSIBLE
TRANSFORMATION IS WHEN THE ARRAY OF INTERMEDIATE STATES
ARE INFINITELY CLOSE TO THE EQUILIBRIUM; 9. INTERNAL ENERGY
(U) IS THE SUM OF: THE TOTAL KINETIK ENERGY XEciic OF THE
MOVMENT OF MOLECULES AND THE FULL POTENTIAL ENERGY XEpgentia
OF ELECTROMAGNETIC INTERACTION KEEPS THE ELECTRONS IN THE
ATOMS AND CONNECTS THE ATOMS IN MOLECULES AND CRYSTALS U =
ZEcinetic + ZEpotential;

10. LAWS OF THERMODYNAMICS: ZERO LAW: IF
THRMODYNAMICS SYSTEM A IS IN THERMODYNAMIC EQUILIBRIUM
WITH SYSTEM B AND IN TURN SYSTEM B IS IN THERMODYNAMIC
EQUILIBRIUM WITH SYSTEM C, THEN A AND C ARE ALSO IN
THERMODYNAMIC EQUILIBRIUM. PHYSICAL PRINCIPLE EXPRESSING
THE TRANSITIVITY OF THERMODYNAMIC EQUILIBRIUM AND DEFINING
TEMPERATURE; FIRST LAW: THE CHANGE IN THE INTERNAL EMERGY U
OF A THERMODYNAMIC SYSTEM IN AN  RABITRARY
THYERMODYNAMIC PROCESS WITH INITIAL AND FINAL STATE IS
EQUAL TO THE QUANTITY OF HEAT Q INPUT OR OUTPUT FROM THE
SYSTEM AND THE OPERATION W PERFORMED ON THE SYSTEM AU = Q +
W or AQ = dU + pdV; CHANGE BETWEEN TWO EQUILIBRIUM STATEES:
CLOSED SYSTEM AE = AE¢(ragg) + ABp(macg) + AU; AND OPEN SYSTEM AE =

AEcmacro) + ABp(macro) + AU + m(Winiet - M(UW)outtet, WHERE MASS m(U)oure(nier)
ARE MASS FLOW ENTERING AND LIVING THE SYSTEM; 10.1
THERMODYNAMJC FUNCTIONS: EMTALPY H = U + pV; ENTROPY (S) dS =

541 = | doT
dQ/T or 0 . 10.2 THE SECOND LOW: IT IS NOT A POTENTIAL
PROCESS IN WHICH THE ONLY ULTIMATE RESULT IS TO SWICH TO THE
HEAT OF A HEAT REMOVED FROM A SOURCE THAT ALWAYS HAS A
SINGLE TEMPERATURE (KELVIN POSTULATE); IT IS NOT AN INHERENT
PROCESS IN WHICH THE ONLY ULTIMATE RESULT IS A HEAT TRANSFER
FROM A BODY HAVING A GIVEN TEMPERATURE TO A BODY WITH A
HIGHER TEMPERATURE (CLAUSIUS POSTULATE) IF THE HEAT REMAINS
FROM THE BODY A AND ANAOTHER B, THIS IS NOT A POSSIBLE
PROCESS TO WHICH THE ONLY END RESULT IS TO BE TRANSFERRED TO
THE HEAT FROM B TO A (OTHER CLAUSIUS POSTULATE); SECOND LOW:
THE ENTROPY OF A CLOSED SYSTEM THAT IS NOT IN EQUILIBRIUM
INCREASES WITH TIME REACHING ITS MAXIMUM VALUE WHEN
EQUILIBRIUM AQ £ TS; 10.3 THERMODYNAMICAL POTENTIALS OF THE
SYSTEM: INTERNAL EMERGY dU = TdS - PdV, IN VARRIABLES S, P, V, T;
POTENTIAL ENTROPY H=U +PV ORdH =d (U + PV) =dU + PdV + VdP =
TdS + VdP IN VARIABLES S, P, V, T; HELMHOLTZ’S FREE ENERGY F = U-
TS (dF = - SdT - PdV) IN VARIABLES T AND V; POTENTIAL OF GIBBSG =U
+ PV -TS=H-TS IN VARIABLES T AND P; OFEN G IS CALLED FREE
ENTALPY; THE RANDOME CHOICE OF THE INITIAL STATE O
INTRODUCES INTO THE ENTROPY S AN UNDETERMINED ADDITIVE
CONSTANT. 104 THE THIRD LAW OF THERMODYNAMICS OR
THEOREM OF NERNST: THE ENTROPY OF ANY SYSTEM AT ABSOLUTE
ZERO CAN ALWAYS BE ASSUMED TO BE ZERO. 11. ASSESSMENT OF
THERMODYNAMICS: FROM ALL POSSIBLE STATE, WHICH OF THEM IS
EQUILIBRIUM. MAKE THE RELATIONSHIP BETWEEN I-st LOW AND II-nd
THE THERMODYNAMICS LAW OF THE TIPE dU + pdV = AQ < TdS at dp =
dT=0=dG<0.i.e. G—> min. ANALOGGUE WHEN SET V AND T, dV =dT =
0= dF =dU - TdS - SAT £ - PdV - SdT and from dV =dT =0 = F - min. IN
FUTURE AMENDMENS WITH FAST FREQUENCY CONFLICTS FREEFIELD
PHRASES dF = dU - TdS - SAT = - PdV - SdT AND GIBBS POTENTIAL dU =
pdV = AQ = TdS WE HAVE AN EQUALITY WE HAVE EQUALITY MARK.

HERE ARE FOLLOWING RELATIONS: AT F - min
WWE/BV)gy, = -F WBF/BThy, = =5, AT G o min BRI =T
(86/8T),,y, = -5

THE CHEMICAL COMPOSITION DETERMINES THE AMOUNT OF N

OF EACH COMPONENTS k IN EACH PHASE ¢ I.LE. K& ARE QUANTITIES
WHERE K — THE NUMBER OF COMPONENTS AND @ — THE NUMBER OF
PHASES. THE MAGNITUDE Ny, DENOTES THE CHEMICAL COMPOSITION
WHICH FOR EACH PHASES. THE MAGNITUDE K_qu, IS UNICUELY
.Tw = Nw .l'r N;v

CHARACTERIZED BY K - 1 PARTS: [=1 , BUT ALSOW
THE TOTAL QUANTITY OF SUBSTANCE AS 'I';HE AMOUNT OF SUBSTANCE

.t'w :Z N;v

vV PHASE ¢ IS EQUAL TO =1 . EXTENSIVE ¥ FOR
HETEROGENEOUS MIXTURE IS OBTAINED BY SUMMING (ADDITIVE
RULE) ¥ = £%;; THE RELATION ®(aNy, aNy, ..., aNi) = a®(Ny, Na, .., Ni) IS
TRUE; MATHEMATICAL REPRESENTATION OF THE EXTENSIVE
DIMENSIONS ARE HOMOGENEOUS FUNCTIONS OF THE 1-ST DEGREE
AND IS TRUE EULER’S THEOREM W=%;(@%/6N))N;, WHILE FOR ANY
FUNCTIONS E IT IS ONLY THE CORRESPONDING DIFFERENTIAL RATIO
TRUE d& = 5(02/0N;)dN;.
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The basic processes of material science, casting and heating
flow in open thermodynamic systems [2, 3, 4, 5 ana 6]. The two
processes are irreversible phase transitions of the first and second
order. The classical thermodynamics Table 1, [2, 3 and 4] is used to
describe the casting process that is basically considered.
Mathematics is presented alongside the laws of thermodynamics,
showing in depth the historical development. We also use the
synergistic approach [18, 19, 20, 21 and 22]. The overall dynamic
state of the system in the synergistic approach [18, 19, 20, 21 and



INTERNATIONAL CONFERENCE "FOUNDRY 2019"

22]. is the extended form of I. Prigogine's second law of
thermodynamics [18] in the view:

Entropy Internally entropy Externally entropy
of OTS | production of 3 flow by .
l Time ]_ [ irreversible processes /‘i"rms + interaction OTS Time

(erystallization)in OT. with environment

ds _dS; dSgx
ordr dr  dr . (1)

The thermodynamic driving force Ap > 0 of the phase transition of
first order and at crystallization of melts [15, 16, and 17]

Ap = AS(Ty =T, )

Where T, — the temperature of phase transition. Temperature of
undercooling is defined from Stefan’s problem. The work W, for the
formation of n-atoms complex in the system AV under the influence
of the case eq, (2) we have

W, (ap) = —nap+ Fo(a) ©)

For description the nucleation and growth we use fundamental
kinetic equation phase transition of Kashchiev [30]. It expresses a
balance between the distribution function Z.(t) of new phase
complex of n-atoms and its total change dZ,, (t)/dt

M
dZ,(t
o Zl[rm(r)zm(a o @2 ]+ Ky (0) — Ly are = (0,10

-4

With a suitable definition of the transition frequencies Fam (®)
the equation (4) is valid not only for the initial stage of nucleation,
but also for coagulation from unified point of view. The general
number N(T) of the over-nuclei complex in the subsystem AV is
obtained. So as the rate of nucleation J(t)

The equations (2+5) introduce the phase transition of first order of
the three levels [31]. The local function

a5 = F[N(2).j(2)] at te[0.27). )

We separate the volume of the open thermodynamic system in
macroscopic cells AV;, i =1, ..., N and the phase transition of first
order is

as=z.:r§ E:ZE}E

T fortime: T Q)

Thus with eq.(7) a generalized model of phase transition of first
order in the complex casting process is present.

In order to have a technology we can reproduced in every local
volume AV; degradation of energy and condition.

stz ()arte [0, r},—]

The functional relation between kinetic motion and velocity of
crystallization v, is driving force of crystallization AT, at three
growth mechanisms: 1. 2D nucleus formation V~ATy; 2. through
screw dislocation Vc,ys~ﬂTf,; 3. Continuous growth Vs~AT,.
Character macro- and micro-scales on the base of [11] in [8 and 9] is
obtained:2Vcarr = lgur'rvf;hl =paw ¥ d=123 ©)

where AV, r:,‘m are correlations scales and local characteristics

volume and timet, d is growth directions; and from [2] we accept
2id

Teh = l‘f@ﬂ.ﬂ / /D= ﬂﬂ,l"rﬂTfo’ 9)

where D, ATy, Vi are coefficient of diffusion, locals temperature
gradient and velocity of solidification. On Fig.1 present gas counter-

dN(t
N(E) = flZ,).J(0) =7t [0, 2], (5) pressure technology
AIRCRAFT
ENGINE
T ¢
L
/_ 7_
3575 B TC d) Machine for casting -
Zas counter pressure
A\g‘corr
260
s
554
4; T < J_ B X ejector
Il plate and
IS Teh Q 200 = oylinders
£
aector
9505 pins
molder
140 charber
5
lllﬂu
b) Technlogical proj floen
t s s
_ oBcaprojec CAS MOULD - et
. (C) - Cast; inec]
11 RS, g&={\i&1+M2+M3+M4) - Mold; ; 'ﬁtﬁ
oundary .
T L surfaces.WMIC: E" - inlet.

¢) Solidification

Fig.1 Integration of casting technology to produce an article whose material has a particular structure and working properties for the longest possible life of
the product. Integration of Foundry Technologies we consider as hybrid technology - a combination of foundry machines and 3D printers [25, 26, 27 and
28]. We wanted correlation volume eq. (8) and (9) with condition of solidification. The idea is produce cast with simple geometry and finish with 3D
printer
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2. Materials science in foundry — sciences and

technologies

fundamental task at foundry Stefan-Schwarz problem (St-Sch) Fig.
2 and 3 are shown the choice of A3, ... and T,; two bridge tasks:

solidification of spheres with radius 50 nm and solution of eq.(4)

Bridge to unite science and technology in materials science is
the basic process - the phase transition of the first order is the

T,OC T°C logZin,t)
> 20 =40
665 Al 34251 w Win) " -
2E-20 =124
7E-20 : 0
i COMPLEX,
6601 3420 P S 6E20 | 10
A ¥l 5820 | -20
3415 420 ! 30 w129 163
655+ 3E-20 E ig
34104 0 160 200 300n 3 2 -1 0 11‘
650 S o100 0 5.0x10° 1x10°1,5x10° P s
B - - IX X1
0 2,0x10° 4,0x107 ,0x . coNELERD
» t, s
h 4
i (COMPLEX) ] Schrdinger] 1926)]
P Evolution of Quantum
vears e Theory and Methods
hours Tasks, processes design (1) 4 }gig Schradinger
Finite element 1928 Dirac, H:
mimtes Srilysis (2) 1930 Fork Slater Mou?f;(;z%lessm
Processes simulation 3) 1933 Wigner, Seitz
g Mesoscale | 1937 Slater APW
tuodeling 1950
s (Field) (4) 1951 Slater exchange _ Kohn & Sham
— 1959 Psendopotential method Cizek(1968) (1965)
1964 DFT: Hohenberg, Kohn, Sham 1971
08| mechanics (5) 1972 Spin-polarized DFT
(Atons) 1875 LMTO and LAPW Girarient-Conected
P*| Quantum l 1981 FLAPW Pople & others Kohn-Sham Theories
rechanics (6) 1985 Car-Parrinello
fs | (Electrons) N 1986 Gradient corrected DFT
Tietancs? 1998 Nobel Prize for Kohn and Pople hd
5 2000
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Fig.2. Determination of correlation volumeA.#, .- and characteristic phase transition timeT -, of first order. We use a multi-scales approach.

ADDITIVE MANUFACTORING TECHNOLOGIES

Bulgarian academy of sciences
Institute of Metal Science, Equip t and Technologies With Hydro-
and Aerodynamics Center ,Acad. A. Balevski®
Sofia 1574, 67 ,,Shipchenski prohod* blvd. Bulgaria

1. GAS COUNTER-PRESSURE CASTING MACHINE VP-type;

2. PNEUMATIC PISTON MACHINE FOR COUNTER-PRESSURE
CASTING:

3. CENTRYFUGAL COUNTER-PRESSURE CASTING MACHINE;

4. SQUEEZE COUNTER-PRESSURE CASTING MACHINE:

5. COUNTER PRESSURE AUTOCLAVE CASTING;

6. GRAVITATIONAL CASTING UNDER COUNTER PRESSURE:

7. CONTINUOUS CASTING WITH COUNTER-PRESSURE CASTING:

8. CARUSEL COUNTER-PRESSURE CASTING MACHINE;

9. ELECTROMAGNETIC PUMP FOR LIQUID METAL;
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Fig. 3. Additive manufacturing gas counter-pressure casting machines: Castings with simple geometry and final operation with 3D printer.
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From Fig. 1, 2 and 3, the correlated volume and the

and and

characteristic phase transition time 4%zarr @76 T2 e take for a
drop size of a 3D printer. This way we can preserve the capabilities
of the machines, technologies and materials of our institute. Tasks
for solidification of spheres with a radius of 50 nm are key, and the
solution of eq.(4) represents the number of nuclei-forming particles.
This information is very close to the actual structure of the material.
Using quantum mechanics allows you to get complete information
about the real structure i.e. the properties of the material.

The multi-scales approach by the bridge tasks of solidification
and crystallization are shown interacts with thermodynamics [1, 2,
3, 4, 5, 6]; material science [12, 13, 14]; synergy and methodology
of science [18, 19, 20, 21, 22]; metal science [8, 9, 11];
metallography [23]; solid state physics and quantum physics [7, 10,
24, 29]. By choosing a correlation volume, phase transition
conditions [25, 26, 27, and 28] allow to transfer through a 3D
printer

3. Conclusions

Bridged tasks such as solidification a sphere with a radius of 50
nm and a crystallization task are selected.

Nano-scale and number of nuclei-forming particles are robust
scientific and technological tools in multi-scale approach and
additive production.

An additive manufacturing methodology is created by choosing
a drop size for a 3D printer.
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