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Purpose. Based on existing criteria for predicting the suitability of metals and their alloys for manufacturing products from them
by deformation or casting analysis develop a set of dimensionless parametric criteria and their quantitative scales. Their using will
allow increasing the predicting accuracy of metals and alloys for their processing by pressure or casting suitability and feasibility.

Methodology. The work uses phenomenological approach to systematic analysis results of metals and alloys mechanical and
individual casting properties interpreting under uncertainty conditions, drawing on literature reference data, expert evaluation data
and the authors’ own research results. The authors’ own data have been obtained experimentally using standard methods for me-
chanical properties determining and due to original authors’ method for technical purity metals and alloys based on them cast
samples values of their absolutely hindered linear shrinkage determination during casting.

Findings. The authors first proposed parametric dimensionless criteria and scales to them (criteria groups). Their application
allows one, through such groups combinations, to assess suitability of any alloy or metal for its use possibility for products manu-
facturing by casting and/or pressure processing.

Originality. For the first time dimensionless parametric criteria have been developed and proposed for use at initial stages of
new alloys or technologies elaboration for products from them manufacturing as well as their quantitative scales for preliminary
assessment (prognosis) of alloys processing feasibility by pressure or casting, regardless of their type and method.

Practical value. Developed criteria and their quantitative scales using will allow alloys developers and specialized enterprises

employees to save time and expenses both for alloy elaboration and for its implementation into production.
Keywords: deformation, elongation, billet, plasticity, shrinkage, casting, structure, heat treatment

Introduction. Products vast majority made of metals and
their alloys has been manufactured by casting or further mate-
rials pressure processing (MPP) of their cast billets (rolling,
forging, pressing, drawing, etc.). At the same time, alloys
physical and structural properties, finished products geomet-
ric and/or shape features or other factors may cause particular
alloy to be unsuitable for selected processing type. Therefore,
by processing type, modern alloys have been divided into de-
formed or cast.

Any alloy suitability for particular type of processing deter-
mination is the first and key step towards achieving a positive
result in any product manufacturing.

Such prediction accuracy is especially important at the
stage of any alloy elaboration or introduction into manufac-
turing, as it allows developers in timely manner to either adjust
further research direction, or, for shop technologists, to take
appropriate technological regulations in production for de-
sired result achieving.

According to their properties, metals and alloys have been
characterized by varying degrees (in terms of time, deforma-
tion rate, energy consumption, etc.) of suitability for MPP. In
particular, pure metals and single-phase alloys are relatively
ductile and well deforming in cold state. At the same time,
metals and single-phase alloys of technical purity could be
hard and, in some cases, brittle. Therefore their MPP has been
carried out not only in hot state, but also at extremely small
values of reduction, speed, and using limited MPP types. Hot
MPP methods have been also used to process billets of multi-
phase alloys, i.e. at the temperature at which their multiphase
structure has been transformed into single-phase one (if it is
possible) and the billet acquires satisfactory plasticity.
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MPP and castings production conditions, alloys properties
and products made from them, variety multifactorial nature
have led to classifications of these processes according to many
characteristics emerging.

In particular, according to MPP process’s temperature level
according to grain recrystallization process, there is deformation
division accepted into cold and hot (complete and incomplete).
According to purpose — into those that allow obtaining different
profiles of constant cross-section along the length (rolling,
pressing, drawing, extrusion) and those that allow obtaining
parts or blanks with shape and dimensions close to finished parts
(transverse and transverse-screw rolling, forging, stamping), etc.
[1, 2]. Nevertheless, absolutely all technologies for manufactur-
ing any metal products by MPP fulfill two conditions:

- primary billet in cast state using;

- plastic deformation in MPP solving problems approaches
versatility.

For any metal or alloy plastic deformation implementing
complexity degree depends, firstly, on its possibility to be de-
formed in cold state (at normal temperature), secondly, on
cast billet quality, its structure, MPP selected type, final prod-
uct size and shape, etc.

In modern theoretical and applied materials science de-
formable body’s plasticity and strength issues are considered
and solved from the points of view:

- dislocations theory [3, 4],

- pressure processing influence on metals and alloys struc-
ture and properties experimental data analysis results [5, 6],

- crystal lattice microscopic defects behavior under devel-
oped and limited plastic deformation |7, 8] conditions model-
ing results, using phenomenological and other approaches to
solving problems of deformation theory, etc.

All this today allows finding rational solutions to significant
number of applied problems occurring in body’s deformation

40 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N° 1



center due to modeling by experimental, mathematical or com-
puter processes [9, 10]: on preventing defects in workpieces
during their MPP [11, 12], on issues of material stresses and
displacements [13], on MPP technologies parameters specify-
ing and optimizing for metals and their alloys [14, 15], etc.

Nevertheless, despite significant achievements in the field
of fundamental and applied research into plastic deformation
problems, there is currently no unambiguous answer to the
purely practical question:

- is particular metal (alloy) suitable or to what extent is it
suitable for MPP or for cast manufacturing products from it?

Answer to this challenge will allow alloys’ developers sig-
nificantly save time and costs on future alloy elaboration, and
foundries and MPP shops employees will save time and costs
on its implementation into production. On authors’ opinion,
the answer to this question at the first stage of any alloy devel-
opment should be sought in the area of the initial comprehen-
sive criteria-based assessment of casting material properties,
its characteristics in cast state and final product mechanical
performance, which is currently absent. Therefore, work
aimed at parametric criteria developing for preliminary assess-
ment of possibility alloys for processing by deformation or
casting is relevant.

Problem establishing. According to expert evaluation re-
sults, when deciding on any metal or alloy workpiece deforma-
tion processing possibility, specialists have been primarily
concentrated on requirements for final product quality and
cost and process productivity. That is, for example, in the case
of workpiece processing by rolling, data on final product thick-
ness, rolled product geometric dimensions accuracy, surface
quality; requirements for workpiece material corrosion resis-
tance and its mechanical properties, process cost and produc-
tivity have been taken into account. Based on this, preliminary
decision regarding workpiece by rolling processing possibility
and feasibility has been made, its type (cold or hot rolling),
workpiece for MPP preliminary and intermediate preparation
type, its reduction degree, etc.

To predict any alloy for MPP suitability, maximum possi-
ble body deformation indicators (cast workpiece with certain
sizes and shapes) under pressure influence has also been taken
into account — deformation amount (linear, angular, surface,
volumetric). That is, the indicator of alloy for deformation
processing suitability, at this stage of evaluation, is plastic de-
formation maximum value at which deformed body still re-
tains its external integrity (there are no cracks on the body
surface that can be detected with naked eye). To do this, as a
rule, in MPP workshops, to assign safe deformation degrees,
metal (alloy) plasticity values at different temperatures, reduc-
tion values and its deformation rates have been experimentally
determined in one or another way. However, for technological
process developing, such data on plasticity are not always suf-
ficient, since any material plasticity depends on many factors,
including: body stressed state scheme (deformation method),
chemical and, as a result, material phases composition (phases
genesis and quantity in structure), cast workpiece grain size,
deforming body material crystal lattice type, temperature and
deformation rate, workpiece single (per pass) reduction value,
body’s material resistance to plastic deformation, etc. Thus,
since plasticity value depends on number of mentioned above
load parameters, it is currently not possible to determine a
single accurate plasticity indicator for specific metal (alloy)
and its MPP all types.

In this regard, according to expert assessment, at enter-
prises for technological process developing, any metal or alloy
plasticity has been determined using indicators called the unit
plasticity index. Among such indicators:

- relative deformation during cast metal (alloy) sample re-
ducing before the first crack appears on its surface during pres-
sure treatment under all-round friction conditions;

- workpiece’s cast metal (alloy) impact toughness value at
normal temperature;

- cast metal (alloy) sample relative elongation or cross-
sectional area relative reduction when stretched at normal
temperature with deformation rates not exceeding 10 mm/s;

- metal (alloy) hardness at normal (room) temperature in
cast state, etc.

Additionally, following factors have been taken into ac-
count:

- non-brittle pure metals and alloys with single-phase
structure are more suitable for MPP, in contrast to multiphase
alloys, in which structure there are chemical compounds that
are poorly soluble at elevated temperatures or completely in-
soluble substances, for example, graphite, exogenous non-
metallic impurities, etc.;

- it is desirable that metals and alloys relative elongation at
normal temperature be at least 20 %, and yield strength to ul-
timate tensile strength ratio (o, ,/0) be at least 0.95;

- at MPP materials’ deformation rate and value can be the
greater, the higher its temperature and cast workpiece grain
size finer. At the same time, material deformation rate and
value cannot be infinitely large, since in deformation rate in-
creasing also leads to stress (yield limit) growing and in mate-
rial being deformed plasticity dropping down, which, for ex-
ample, is inherent for deformation process of workpieces made
of high-alloyed steel and some copper alloys;

- the higher alloy’s processability, the more effective tem-
perature interval for its pressure treatment;

- for MPP it is desirable to have workpieces with fine-
grained equiaxle structure. If workpiece’s grains are exces-
sively large, they must be grinded, for example, by workpiece
recrystallization tempering after its preliminary deformation;

- to reduce cast billet’s strength and increase its plasticity,
ingot’s in mold crystallization and cooling rate should be opti-
mized.

From above analysis, it follows that, in essence, any metal or
its alloy workpiece’s MPP possibility, conditions, degree and type
has been determined, for the most part, by plasticity level and
structural state of its cast billet. Based on this, it is advisable to
establish correspondence between metals (alloys) casting proper-
ties and their pressure processing possibility and feasibility.

Purpose. Based on existing criteria for predicting the suit-
ability of metals and their alloys for manufacturing products
from them by deformation or casting analysis develop a set of
dimensionless parametric criteria and their quantitative scales.
Their using will allow increasing the predicting accuracy of
metals and alloys for their processing by pressure or casting
suitability and feasibility.

Methodology. In this work for interpreting studied objects,
systematic analysis under uncertainty results phenomenologi-
cal approach has been used. It has been performed by borrow-
ing reference literature data from other authors and own re-
search results, obtained using standard methods for determin-
ing mechanical properties at normal temperature and original
method for cast samples manufacturing to determine their
absolutely hindered linear shrinkage value.

Non-ferrous metallic alloys melting have been carried out
in graphite crucible in induction furnace using charcoal as
protective melt coating. Bronze melts deoxidation has been
carried out with phosphorous copper before they were released
from crucible. Cast iron and steel melting has been carried out
in induction furnace in crucible with quartz and magnesite
lining, respectively.

Studied alloys mechanical properties have been calculated
based on results of samples testing with working part dimen-
sions of J8 x 40 mm during their static uniaxial tension on
universal machine FP-100/1 at temperature of 20 + 1 °C. Sam-
ples have been manufactured by mechanical processing from
club-shaped samples, which melts have been poured into
mold made of sand-sodium-silicate mixture. Elongation at
rupture (ds) has been calculated based on results of samples’
working part lengths measuring with caliper of 0.01 mm ac-
curacy before and after their testing.
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Cast cylindrical samples’ free and absolutely hindered lin-
ear shrinkage determination has been carried out based on cast
non-thermally treated samples lengths measurements results.
Unlike method [16], measured samples have been manufac-
tured in casting molds with improved design, which allowed
increasing metals and alloys linear shrinkage values accuracy
determination. That is, in order to increase accuracy of abso-
lutely hindered linear shrinkage coefficient determining, steel
chill and sand-sodium-silicate casting molds have been used
in this work, which schemes are presented in Figs. 1 and 2.

Principal difference between adopted original method
and technique in work [16] is constructive change in sample
force resistance to linear shrinkage scheme due to quartz
tube using, which thermal linear expansion coefficient is in
two orders smaller than similar coefficient for steel chill-
mold material.

Cast samples control length has been measured 24 hours
after they have been poured into casting molds at temperature
of 19+ 1°C.

Results. According to expert evaluation by specialist’s re-
sults, in MPP processes, regardless of deformation method, it
has been established that, if metal or alloy:

- has multiphase structure;

- characterized by small (up to ~20 %) relative elongation
at normal temperature;

- has significant quantity of undesired impurities or non-
metallic particles;

- has narrow range of reliable deformation temperatures;
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Fig. 1. Schemes of chill molds (a, c) and length measurements
of samples that solidified and cooled under free (b) and ab-
solutely hindered linear shrinkage (d) conditions:

1 — pouring basin riser; 2 — mold working cavity; 3 — steel washer;
4 — quartz tube; 5 — sample’s shrinkage-inhibiting element; 6 —
solidified sand-sodium-silicate mixture

6

Fig. 2. Scheme of casting mold for cast iron samples making that
solidified and cooled under free and absolutely hindered
linear shrinkage conditions:

1 — sand-sodium-silicate casting mold; 2 — quartz tube; 3 — mold
working cavity; 4 — sand-sodium-silicate cork; 5 — steel cork; 6 —
sprue; 7 — runner

- contains in its structure phase or phases that retain their
stability when alloy is heated up to its solidus temperature (for
example, graphite in cast iron), then, to deform workpiece
made of such metal (alloy), it is necessary:

- increase workpiece pressure treatment temperature;

- lower one-pass deformation value (reduction, passage);

- restrict total deformation amount;

- decrease deformation rate;

- perform tempering before and/or between deformation
cycles, or preliminary normalization or workpiece quenching
(depending on material’s phase equilibrium diagram type);

- establish product’s size and shape limitation;

- use on MPP realization special conditions.

That is, with undesirable factors number in metal (alloy)
characteristics increasing, additional technological operations
number in MPP process increases [17, 18], its productivity de-
creases, final products limitation in assortment occurs [19, 20]
and, accordingly, its cost and quality instability grow [21, 22].

In some cases, MPP using becomes impractical because re-
sult achieved is not proportional to MPP expenses. For example,
two-component bronzes with tin content up to 5 % (by weight)
can be cold forged, but with less reducing than for pure copper.
With tin content of 5 to 15 %, bronze can only be forged at tem-
perature 550—600 °C. With tin content of 15 to 24 %, bronze al-
most completely loses its plasticity and its MM P must be carried
out in special mode (with small reducing) in hot state. With tin
content of 24—25 %, bronze becomes multiphase and, conse-
quently, extremely brittle. After all, it is possible to forge only
small and simple-shaped products from it at elevated tempera-
tures with extremely low reducing. Similar nature in conducting
MPP conditions changing observed in other bronzes.

In particular, aluminum bronzes with aluminum content
6—8 % are so ductile that they can be pressure-treated in both
cold and hot states, while bronzes with aluminum content
8—10 % are deformable only at high temperatures.

As a result of this regularity, all bronzes, like other alloys,
are divided into deformed and foundry alloys according to cur-
rent national and European standards.

This, in particular, is discussed in works of Greshta V. L.
(2014), Merkulov G.A. (2008), Arzamasov B.N. (2008), in
publications [23, 24], etc., and is given in Table 1.

At the same time, depending on factors number, including
final product quality, cost-effectiveness, demand and indus-
trial productivity, bronzes are suitable for deformation by not
all MPP types and not for all products types, as evidenced, for
example, data of V. L. Greshta (2014) work and our own expert
assessments, which are given in Table 2.

Data values in Tables 1 and 2 comparative analysis results:
yield strength to ultimate tensile strength ratio; cast bronzes sam-
ples, during their stretching, elongation at rupture or reduction of
area; impact strength and hardness at normal temperature, indi-
cates the weak correlation between them. Therefore, using impact
toughness, hardness, elongation or reduction of area, or yield
strength to strength limit ratio (brittleness index) for any metal
(alloy) as the only suitability indicator of this metal (alloy) for
MPP is not appropriate. That is, for metal (alloy) MPP suitability
assessing, in addition to economic and commercial component,
criteria are needed, which using would increase predicting accu-
racy of any metal or alloy for above processing types suitability.

In order to increase suitability (technological suitability)
accuracy assessing of any metal or alloy for MPP, dimension-
less parametric criterion “4” has been adopted. For this crite-
rion metal or alloy with absolutely hindered linear shrinkage
during casting solidification has been determined using origi-
nal methodology elaborated in this work

where a,, o,— correspondently, cast metal (alloy) absolutely
hindered and free linear shrinkage, %.
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Grades of some deformed and foundry bronzes

Table 1

TIN
BpO5* BpO®4-0.25 BpOLi4-3 BpOC8-12* BpOLIC4-4-2,5 BpO3A3*
BbpO10* BpO®d6.5-0.15 BpOL18-4* BpOC5-25* BpOLIC4-4-17" BpO3K5*
bpO19* BpOd7-0.2 bpOL110-2* BbpOC10-10* BpOLIC5-5-5 —
— BpOd10-1* - BpOC6-15* BpOLIC6-6-3* —
ALUMINUM
BpAS BpAMu9-2 BpAZXK9-4 bpAXKMu10-3-1.5 BpAXKH10-4-4
BpA7 BpAMir10-2* - BpAXKHM1110-4-4-1 BpAXH11-6-6*
SILICON BERYLIUM CHROMIUM MAGNESIUM
BpKMu3-1 bpb2 BbpX0.8 BpMr0.3
BpKHI1-3 bpb2.5 BbpX1 BpMr0.5
BpKHO0,5-2 BpBbHT-1.9 bpX1Lp BpMr0.8
CADMIUM ZIRCONIUM MANGANESE LEAD
BpKnl BpLlp0.2 bpMu5 BpC30*
BpKnX0.5-0.15 — — —

Note: Bronze grades used exclusively or predominantly as foundry alloys are marked with an “asterisk” in the table

According to industrial experience results generalizing for
castings in foundries and MPP workshops, it has been estab-
lished that according to criterion A metals (alloys) with 1.0 >
> A > 0.7 are more suitable for MPP, but are not very suitable
for manufacturing products by casting methods.

The reason for this limitation is these metals (alloys) ten-
dency in cast state to form hot cracks, gouging and their di-
mensional accuracy instability. That is, it is advisable to pro-
duce small castings with simple shape from such metals (al-

loys).

Recommended MPP types for copper and bronzes semi-finished products

Table 2

Bronzes grades

Semi-finished products

sheets

strips

slabs tapes

bars profiles

tubes wire

forgings

Number of
MPP types
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Table 3

Criterion “A” values for castings made of copper, bronze, steel 45J1 and gray cast iron CH350 with absolutely hindered and free

linear shrinkage
Alloy Oy, % o, % A Alloy, metal Oy, % o, % A
BpA7 0.88 1.17 0.75 BpA9XK3JT 1.15 2.44 0.47
BpA5 0.80 1.10 0.72 BpA10XK3Mul.5 1.12 2.44 0.46
BpA6K1 0.74 1.05 0.70 BpA112K6H6 0.79 1.82 0.43
bpMu5 1.07 1.58 0.68 BpOsSL5CS 0.56 1.51 0.37
BpA6Miil 0.87 1.29 0.67 BpO3A3 0.44 1.34 0.33
BpA3KIMul 1.03 1.57 0.66 BpO6A3 0.33 1.16 0.28
BpA9 0.69 1.37 0.50 Cu 0.48 2.31 0.21
BpA102K4H4 0.87 1.82 0.48 Steel 45]1 1.04 2.20 0.47
BbpAIMu2J1 0.94 2.01 0.47 Cast Iron CY350 0.42 1.07 0.39

1f0.7 > A> 0.5, then such metal (alloy) is suitable for MPP,
but with certain its processing conditions in technological pro-
cess, with restrictions on future product size and shape, etc. It
is quite suitable for castings manufacturing with certain re-
strictions on castings design and size.

Alloys with A < 0.5 are unlimitedly suitable for castings
manufacturing by any casting method, but require certain
conditions for products manufacturing using MPP types. As
an example, Table 3 shows criterion 4 values for some bronzes
grades.

Table 3 data analysis shows that double bronzes BpA7 and
BpAS5 having A > (.7 are known to be mainly used for products
using MPP manufacturing methods. For castings these bronz-
es are used limitedly, in particular, for small size marine pro-
pellers or for large size marine propellers’ individual elements.
At the same time, bronzes BbpAIMu2J1, BpA9XK3JI,
BpA112K6H6, BpOS5LI5C, cast iron and other alloys with A< 0.5
are mainly used for any mass, size and shape castings manu-
facturing, by any type of casting. Pure metals (Cu, Al, Pb, etc.)
with A <0.5, as is known, are used both for castings manufac-
turing and for products by MPP manufacturing.

Based on this, according to criterion A4 value, metals and
alloys have been classified into the following subgroups:

- subgroup A1 — metals and alloys with values 1.0 >4 >0.7;

- subgroup A2 — metals and alloys with values 0.7 > 4> 0.5;

- subgroup A3 — metals and alloys with values A <0.5.

It should be noted that for some pure metals and alloys
with value A4 > 0.5, it is not always possible to determine abso-
lutely hindered shrinkage value using the method adopted in
this work, due to hot cracks on samples occurrence. There-
fore, for qualitative assessment of any metal or alloy with BCC
and FCC crystal lattice, without insoluble in a-phase at any
temperature another phase (phases), suitability (technological
suitability) and possibility of its deformation processing by
MPP, dimensionless parametric criterion B has been adopted

_8 o5
100 o,,’

where 85 — elongation at rupture, %; o, 6, — correspondent-
ly, strength limit and yield stress of metal (alloy) cast samples at
testing temperature 20 + 1 °C, MPa; 100 — balance constant, %.

Adopted for calculation mechanical properties parameters
values and criterion B calculating results values according to
own data and data [25] for some metals and alloys in cast state,
as well as conditional subgroups of their manufacturability ac-
cording to criterion B, are given in Table 4.

From Table 4 data analysis, it follows that all the studied
metals and alloys can be divided into the following 7 manufac-
turability subgroups (subgroups of their deformation and/or
casting complexity) according to criterion B value:

- subgroup B0 — metals and alloys with values B> 1.8;

- subgroup Bl — metals and alloys with values 1.8 > B>0.9;

- subgroup B2 — metals and alloys with values 0.9 > B>0.5;

- subgroup B3 — metals and alloys with values 0.5 > B>0.2;

- subgroup B4 — metals and alloys with values 0.2 > B>0.1;

- subgroup B5 — metals and alloys with values 0.1 > B> 0;

- subgroup B6 — metals and alloys with value B=0.

Subgroup B0 includes metals and alloys, products from
which are manufacturing mainly in cold state from their blanks
by any MPP types with relatively large single deformation de-
gree and at high speed.

Subgroup Bl contains metals and alloys, products from
which are manufacturing both in cold and hot state from their
blanks by any MPP types with relatively large single deforma-
tion degree and at high speed.

In subgroup B2 — metals and alloys, products from which
are mainly manufacturing from their billets in hot state by lim-
ited number of MPP types with single deformation and its
speed lower degree than in subgroup B1.

In subgroup B3 — metals and alloys, products from which
are manufacturing exclusively from their billets in hot state
with more limited number of MPP types than for subgroup
B2, with single deformation and its speed lower degree.

In subgroup B4 — metals and alloys, products from which
are manufacturing exclusively from their billets in hot state
with more limited MPP types number than for subgroup B3,
with relatively small single deformation and its speed degree.

In subgroup B5 — relatively brittle metals and alloys, prod-
ucts from which are manufacturing exclusively from their bil-
lets in hot state, with significantly limited MPP types number
than for subgroup B3, with small single deformation and its
speed degree.

Subgroup B6 includes extremely brittle metals and multi-
phase alloys, which MPP can be performed in one or two
types, exclusively in workpiece hot state under certain condi-
tions, at extremely low speed and single deformation degree
with limited dimensions and simple product shape, or this ma-
terials group cannot be performed under any MPP conditions.

Non-heat-treated metals and alloys (Table 4) division into
conditional subgroups according to their criterion B (suitabil-
ity for MPP) value is presented in Fig. 3.

From discussed above it follows that any metal or alloy is
more suitable for MPP and less suitable for casting on the
greater criterion B (from subgroup B0 to B6) and A (from sub-
group A1 to A3) values and vice versa.

To increase preliminary forecast objectivity for any metal
or alloy based on experimental studies results, it is advisable to
establish both criterion A and criterion B values. That is, for
example, according to experimental data, investigated alloy
belongs to groups A1 + Bl. It means that this alloy is quite suit-
able for any MPP type in cold and hot state, but is not suitable
enough for making medium and large-sized heavy castings us-
ing traditional casting methods. This means that it is advisable
to make castings from such alloy only of small size, mass, sim-
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Table 4
Values “B” calculation results for some metals and alloys [25]

Metal, alloy oy, MPa | 64, MPa | 5, % | B | Subgroup Metal, alloy oy MPa | 6y,, MPa | 8, % B | Subgroup
Pure metals BpOsLS5SCSIT 151 72 7 0.15 B4
Au 120 10 50 | 6.00 B0 B4 680 320 5 0.11 B4
Ag 140 20 50 | 3.50 B0 B4 220 175 8 10.10 B4
Pb 11 2.7 69 | 2.81 B0 B4 74.5 39 5 0.10 B4
Al 50 5 25 | 2.50 B0 BpO8CI12 160 100 5 10.08 B5
Pd 180 50 35 | 1.26 Bl BpO10 215 175 6 | 0.07 B5
Pt 141 60 50 | 118 Bl BpO5C25 125 90 5 10.07 B5
Cu 160 35 25 | 1.14 Bl BpO10d1 195 135 3 10.04 B>
Sn 19 12 60 | 0.95 Bl Brass
Rh 400 69 15 | 0.87 B2 J1064-2 310 78 55 | 2.19 B0
Fe 245 137 45 1 0.80 B2 JIMm168-0.05 310 98 50 | 1.58 Bl
Nb 334 248 48 | 0.65 B2 J196 216 62 45 | 1.57 B1
Cr 380 353 44 | 047 B3 J168 290 98 50 | 1.48 Bl
Ti 300 250 30 | 0.36 B3 JIK80-3 275 105 53 | 1.39 Bl
Mg 117 25 7 10.33 B3 J170 290 130 60 | 1.34 Bl
Ir 491 89 6 |0.33 B3 J180 290 120 55 | 1.33 Bl
Ru 490 373 10 | 0.13 B4 JI85 235 98 55 | 1.32 Bl
Zn 150 20 0.5 | 0.04 B5 J163 350 108 40 | L.30 Bl
Cast Iron JIAMu77-2-0.04 320 120 45 | 1.20 Bl
BY 350-22 350 230 22 10.33 B3 J190 235 125 52 | 0.98 Bl
BY 400-15 400 260 15 10.23 B3 J160 360 147 40 | 0.98 Bl
BY 450-10 450 320 10 | 0.14 B4 JIOMm70-1-0.05 310 160 50 | 0.97 Bl
BY 500-7 500 340 7 0.10 B5 J1060-1 353 176 40 | 0.80 B2
BY 700-2 700 420 2 10.03 BS JIC59-1 290 140 36 | 0.75 B2
BY 1000-2 1,000 700 2 10.03 B5 JIL4Mu3XK 390 165 18 | 0.43 B2
CY200* 210 172 0.7 | 0.01 B5 JILI35HXKA 345 175 20 | 0.39 B3
CY350* 367 265 0.4 |0.01 B5 JILI16K4 245 115 15 |0.32 B3
Sgﬁ:iz‘;?rl:n 310 302 01 |0.00| B6 | JI40AXK 335 245 0 [o027] B
Bronze JILI30A3 275 150 12 |0.22 B3
BpA3K2* 315 61 53 1274 B0 JIL38M12C2 295 215 10 | 0.14 B4
BpA5K0.6Mu0.6* 309 63 55 | 2.70 B0 JI14K3C3 270 135 7 0.14 B4
BpA3KIMul* 276 70 61 | 2.40 B0 JIU23A62K3Mut 540 295 7 0.13 B4
bpAS 275 68 55 | 2.22 B0 Aluminum Alloys
BpA6K1* 342 88 52 | 2.02 B0 AMTr5 300 130 23 | 0.53 B2
BpAIK1* 470 120 47 | 1.84 B0 AMr3 230 120 25 10.48 B3
BpA3Mui2* 249 88 48 | 1.36 Bl AMr2 190 120 25 | 0.40 B3
BpCp0.1 200 80 50 | 125 Bl AMu (1400) 110 60 18 | 0.33 B3
BpAY* 448 157 35 | L0OO Bl A2 170 80 6 |0.13 B4
BpKMu3-1 340 100 25 10.85 B2 AJl24 240 150 4 |0.06 B5
BbpOLIC4-4-4 315 130 30 | 0.73 B2 Steel
BpO3A3* 330 150 29 | 0.64 B2 Cr3-cn 350 190 37 | 0.68 B2
BpAXKMit10-3-1.5 490 155 20 | 0.63 B2 110r13J1* 794 498 20 | 0.32 B3
BpA102K3Mu2J1 490 157 20 | 0.62 B2 35J1* 608 310 14.5 1 0.28 B3
BpO®d6.5-0.15* 295 140 28 | 0.59 B2 35XHMIJ 900 775 2 10.02 B5
BpOLI4-3 245 65 15 | 0.57 B2 Magnesium Alloys
BpA7 295 245 45 1 0.54 B2 M2 100 35 4 0.11 B4
bpMus5 245 145 30 | 0.51 B2 Mun3 180 55 5.5 1 0.18 B4
BpAIMu2JT* 440 196 20 | 0.45 B3 Zinc Alloys
BpA9K4H4M1* 595 247 13 | 0.31 B3 LIAM 10-5 328 301 1 0.01 B5
BpAXK9-4 345 195 15 10.27 B3 LIAM 9-1.5 300 255 5.2 1 0.06 B5
BpAXKH 10-4-4 750 295 10 | 0.25 B3 Titanium Alloys
BpO8H4LI2 265 175 14 |0.21 B3 BT1-0 440 310 32 | 045 B3
BbpOLIC4-4-2.5 185 100 11 ]0.20 B3 BT-5J1* 870 690 10 | 0.13 B4
BbpO8LI4 195 115 11 ]0.19 B4 Notes * — own data

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N2 1 45



w W
[V R-N

¥
Aa8

w
@

i

|
|
|
|
|
|
I
|
I
|
I
|
I
J

selive]

\

|

I

|

\

|

\

|

\

|

\

!
®

6

~ -t 4"+ + . |
-+t 4+ +— 1

B

(=]
—
[\S)
w

Fig. 3. Cast non-heat-treated metals and alloys (Table 4) divi-
sion into conditional subgroups according to their criterion
Bvalue (suitability for MPP)

ple configuration and under certain conditions. If, for exam-
ple, alloy has been included in groups A3 + B4, this means that
such alloy is suitable for castings of any size, weight, and shape
manufacturing and not limited by casting types number, but
has certain conditions and limitations for its processing by
MPP processes.

Naturally, this classification (metals and alloys for their
casting and/or MPP manufacturability division into groups)
has conventional character. Nevertheless, in first approxima-
tion, this approach provides certain orientation for enterprise
technologists and alloy developers on possible technological
problems that will need to be solved during such materials de-
velopment and implementation into production.

Conclusions.

1. Parametric dimensionless criteria (4 and B) divided into
groups have been developed, which, due to such groups com-
binations, allow, in first approximation, to assess suitability of
any alloy or metal for foundry and/or MPP using.

2. Impact strength, hardness, elongation at rupture or area
reduction values, as well as yield strength to strength limit ratio
of any cast metal (alloy) as cast metal (alloy) or metal (alloy)
for MPP suitability only indicators cannot be recommended.

3. Elaborated parametric criteria and their division into
groups are recommended for use to pure metals, cast irons,
steels and bronzes with low lead content analysis.

4. Further investigations development, devoted to pro-
posed criteria of preliminary assessment, should be expanded
to other alloys, including alloys based on Ni, Al, Ti, etc.
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Mera. Ha ocHOBI aHaTi3y iCHYIOUMX KPUTEPiiB MPOTrHO3Y-
BaHHS MPUIATHOCTI METAJIiB i X CIJIaBiB 1J11 BATOTOBJIEHHS 3
HUX BUPOOiB 1ehOopMyBaHHSIM 200 JTUTTSAM PO3POOUTU KOMII-
JIeKC 06e3p03MipHUMX MTapaMeTPUYHUX KPUTEPIIB i 1X KiTbKICHI
LIKaJIU, BUKOPUCTAHHS SIKMX IO3BOJUTH MiABUIIUTUA TOY-
HICTb MPOTHO3YBaHHS MPUIATHOCTI 1 TOLUIBHOCTI METaB i
CIUIaBIB 70 iX 00POOKM TUCKOM 200 JIMTBOM.

MeTtomuka. Y pobOTi BUKOPHUCTAHO (PEHOMEHOIOTIYHUIA
Miaxia A0 iHTeprpeTallii pe3yabTaTiB CUCTEMHOIO aHali3y
MEXaHIYHUX Ta OKPEeMUX JIMBAPHUX BIACTUBOCTEN METaiB i
CIUIaBiB B YMOBaxX HEBU3HAUEHOCTI i3 3aIT03MYEHHSIM JliTepa-
TYpHUX AOBIIKOBUX AaHUX, TaHUX €KCIIEPTHUX OLIIHOK i pe-
3yJIbTATIB BJIACHUX OOCHiIKeHb. BiacHi naHi oTpuMaHi ekc-
TMEePUMEHTAILHO 32 CTAHAAPTHUMU METOAMKAMU BU3HAUYEH-
HSI MEXaHiYHUMX BJIACTMBOCTEI CIIaBiB Ta OPUTiHAIBHOIO aB-
TOPCHKOIO METOIUKOIO BU3HAUYEHHSI BEJTMUUHU iX AOCOTIOTHO
YTPYIHEHOI JIiHIMHOI ycaaKy TpU JIUTTI.

PesyabraT. ABTOpamu BIiepliie 3anpornoHOBaHi mapame-
TPUYHI 0€3p03MipHi KpUTEPii Ta IKaIu 10 HUX (KpUTepiaib-
Hi TpyIu), 3aCTOCYBaHHS SIKUX JO3BOJISIE 32 PaXyHOK KOMOi-
Hallil TAKKUX TPYI IMTPOBECTU OLLIHKY MPUIATHOCTI OY/1b-SIKOTO
CIUIaBy UM MeTay 10 MOXJIMBOCTI HOrO BUKOPUCTAHHS JJIsI
BUTOTOBJICHHSI BUPOOiB criocobamMu JIUTTA Ta/abo 0OpoOKMU
THUCKOM.

HayxkoBa HoBM3HA. Yriepiie po3po0JieHi i 3arpornoHoBa-
Hi 10 BUKOPUCTaHHS Ha TOYAaTKOBUX €Tarax po3poOKU HOBUX
cruiaBiB ab0O TEXHOJIOTii BUTOTOBJEHHS 3 HUX BUPOOIB 0€3-
PO3MipHi MapaMeTpUyHi KpUTEPii Ta iX KiIbKiCHI IIKaIu A5
MONepeaHbOl OLIHKU (MMPOrHO3Yy) MOLLIBLHOCTI 00pOOKM
CIUIaBiB TUCKOM a00 JIUTTSIM O€3BiIHOCHO Bil IXHHOTO BUIY
Ta crocooy.

IIpakTyna 3HayuMicTh. BuKopucTaHHsS pPO3POOIEHUX
KPUTEPIiB Ta iX KUIbKICHUX LKA JO3BOJUTh PO3POOHUKAM
CIUIaBiB i MpalliBHUKAM MPOMITbHUX MiANPUEMCTB 3a01ATM -
TH Yac i BATPATH SIK Ha pO3poOKY CIIaBy, TakK i Ha OTo BIPO-
Ball>KEHHS Y BUPOOHUIITBO.

KmowoBi caoBa: degopmauisn, eudosicenns, 3acomoexa,
naacmuunicms, ycaoka, AUMms, CmMpyKmypa, mepmiuna oopooka
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