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Summary. The technical state of the unexploited steels brackets’ metal has been analyzed. Their
mechanical properties inconsistency with the regulated requirements has been revealed. It has been shown that
the elongation J of the bracket metal, which varied from 1.8 to 3.3%, and the yield strength were lower than the
regulated level. The low values of 6 and obtained ratios of yield strength to ultimate tensile strength (ovs / ours)
indicate a low ductility reserve of the bracket metal, consequently posing a high risk of unforeseen brittle fracture
during operation.
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Statement of the problem. Foundry production is important for engineering
because its simplicity, low energy consumption, and manufacturing cost have
made it possible to produce a significant portion of large, complex geometry
parts for machines and equipment [1, 2]. Already in the foundry production stage,
metal in its molten state is poured into molds whose dimensions correspond to
the parameters of the required parts, and after its cooling and crystallization,
practically finished products are obtained. The main processes of foundry production
include metal melting, mold making, metal pouring and cooling, extraction of blanks
from molds, cleaning and trimming of excess casting residue, heat treatment, and quality
control of castings.

During the production of cast parts, some defects occur. According to technical
requirements, if a casting has at least one unacceptable defect, it is considered defective.
Defects can be determined by inconsistency of microstructure, chemical composition,
physical, and mechanical properties. Defects are divided into four groups: | — geometry
inconsistency (due to incomplete filling of forms with molten metal, inconsistency of wall
thickness of hollow castings, distortion), Il — surface defects (burning, growths that disrupt
the geometry of the part), 111 — cavities in the body of the casting (shrinkage cavities during
crystallization, gas cavities, pores of various origins), IV — various types of inclusions [3—
4]. Defects in castings are caused by various reasons, including substandard molding
materials, poor quality charge for melting metal, inappropriate design of the part (its
complex nature is not technologically suitable for casting), or the organization of the casting
process itself with poorly thought-out casting technology, low-quality molds, weak
technological control, and others [5-9].

The aim of the work is to analyze the technical condition of the metal of two brackets
on the basis of the determining their chemical composition and mechanical characteristics
through tensile and impact testing.
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Object and methods of the research. The castings of two brackets for the reactive rod
were investigated in the unexploited state. The content of alloying elements in the metal of the
brackets (mass, %) was evaluated using an optically spark atom-emission spectrometer
SPECTROMAX LMF 0.5. For this purpose, flat specimens with a cross-section of 2020 mm
were prepared, the thickness of which was reduced by grinding on both sides to 3...5 mm.

Impact testing was carried out on beam specimens (10x10 mm in cross-section) with a
sharp stress concentrator of the Sharpy type (with a V-shaped notch, the radius at the apex of
which is 0.02 mm) with a depth of 2 mm. The specimens were tested on a pendulum impact
tester type 10 — 5003.

The mechanical properties of the casting metal, namely strength characteristics (yield
strength ovs and ultimate tensile strength cuts) and ductility (elongation d and reduction of area
y), were determined based on the results of tensile testing of standard smooth cylindrical
specimens (diameter 5 mm and five times the length of the working section). To eliminate
grinding marks, which could serve as stress concentrators during tensile testing, and thus
increase data scatter, the working portion of the specimens was polished before testing using
abrasive paper and diamond pastes of various grit sizes. The specimens were tested on a
universal testing machine UME-10T at a deformation rate of 3-10° s,

Results and their discussion. First of all, we have analyzed the unexploited brackets
of the reactive rods to identify any damages. By visual inspection of their surface, we noted
several specific features (see Figure 1). In particular, we found defects in the castings in the
form of small and larger blisters, associated with unsatisfactory surface cleanliness (see
Figure 1a). Deep shrinkage cavities were observed in the body of the brackets, which had
an irregular oval shape. The size of the largest one reached 13x8 mm (see Figure 1 b). One
of these shrinkage cavities was found on the external surface of the bracket casting (see
Figure 1 c).

Figure 1. General view of the casting surface of the bracket (a) with an internal cavity and a crack in its cross
section (b) and with a deep cavity in casting exposed to surface (c)

Using the dye penetrant method on the surface of one of the brackets, cracks of
lengths 5 and 9 mm were also identified. During the operation of the bracket, which would
be subjected to a cantilever bending scheme, these cracks would be located in a plane
perpendicular to the direction of the applied forces (see Figure 2). Moreover, the maximum
forces would occur precisely in the area of structural stress concentrators, that is, in the
cross-section of the analyzed elements, where these long cracks were found.
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Figure 2. Cracks on the outer surface of the bracket

The average content of alloying elements in the bracket metal based on three
measurements is presented in Table 1. The analysis of the obtained data has showed that
according to DSTU 8781:2018, in terms of the content of basic elements, bracket steel Ne 1
mostly corresponds to the chemical composition of steel 30L, while bracket Ne 2 corresponds
to steel 50L, but due to the 0.5 mass % Cr content, it is more likely to be classified as steel
50KhHL. Nevertheless, slightly elevated Mn content was noted in bracket metal Nel
(1.13 mass % compared to the maximum allowable content of 0.9 mass %). Moreover, in the
composition of steel 50KhHL, approximately 0.34 mass % Cu and approximately 0.11 mass %
Ni were found, which are not provided for by the mentioned regulatory document. In the
composition of steel 30L from bracket Ne 2, Cr, Cu, Ni, and also high S and P content were
found, which are not provided for by the mentioned regulatory document and are not favourable
factors for its mechanical characteristics, as they contribute to its brittleness.

Table 1

Chemical composition of the bracket metal, wt. %

C Mn Si Cr S P Cu Ni
Bracket Nel 0,5 1,13 0,50 0,6 0,04 | 0,03 | 0,34 | 0,11
Steel 50KhHL
(DSTU 8781:2018) 0,45-0,60| 0,509 | 0,205 | 0,6-0,9 | 0,04 | 0,04 - -
Bracket No2 0,31 0,90 0,49 0,28 0,07 | 0,05 | 0,09 | 0,13
Steel 30L
(DSTU 8781:2018) 0,27-0,35| 0,45-0,9 | 0,2-0,52 - 0,04 | 0,04 - -

Impact toughness is considered a fundamental characteristic for determining the
technical condition of metal. It is used as an indicator of resistance to brittle fracture. So, impact
toughness was utilized to assess the sensitivity of metal to the influence of notches and defects
under high deformation rates. It was found that the impact toughness of bracket metal Nel and
No 2 was 100 and 70 KJ/m2, respectively (see table 2). Taking into consideration that the
analyzed elements are responsible for safe bus operation, and then they should have sufficient
resistance to brittle fracture accordingly. The obtained values are lower (at least 2.5 times) than
those regulated for such types of steels (since the KCV values are not regulated for steel
50KhHL, the requirements for steel 50L were taken as a prototype). However, with the use of
appropriate heat treatment regimes, this difference may be even greater (see table 2).
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Based on the obtained results, it can be concluded that the ability of the metal to resist
brittle fracture is insufficient, therefore, the brackets made of the analyzed metal cannot be used
In operation.

Table 2

Impact toughness of brackets metal, KCV, MJ/m? (KJ/m?)

Bracket Nel 0,1 (100)
Bracket Ne2 0,07 (70)
50KhHL (DSTU 8781:2018) Not less than 0,245 (245)

The mechanical properties of the metal of both brackets were also analyzed, and it was
found that their ultimate tensile strength (cuts) ranged from 615 to 824 MPa, while the yield
strength (ovs) ranged from 492 to 531 MPa. Moreover, the ratio ovs / outs, which is commonly
used to characterize the ability of steel to plastically deform until reaching its strength level,
was 0.77 for the bracket metal Nel and 0.62 and 0.86 for the bracket metal Ne 2. According to
the established notions regarding this plasticity reserve ratio ovs/cuts, often used in the energy
sector, exceeding its level beyond 0.7 poses a risk of brittle fracture. The data provided in the
standard correspond to a high level of plasticity reserve in steels, thus indicating a low
probability of brittle fracture. However, in our case, this ratio in two out of three tested samples
significantly exceeded this value, which is indicative of a precarious state of the metal in terms
of its brittleness and the risk of premature failure of the analyzed elements. The analysis of the
metal of both brackets based on ultimate tensile strength showed that regardless of which steel
(50KhHL or 50L) is taken as a prototype for comparison, only one out of three samples met the
requirements of DSTU 8781:2018. Although the values obtained for yield strength in all
samples complied with regulatory requirements.

Table 3

Mechanical characteristics of bracket steel

outs, MIla | oys Mlla | oys/outs | 8, % | @, %

Bracket 1 633 492 0,77 23 | 12

824 511 0,62 33 |59
Bracket 2 615 531 08 | 18 | 13
Steel 50KhHL, according to DSTU 8781:2018 the values not lower than
After normalization with tempering 687 - - 5 -
After quenching and tempering 775 - - 13 -
Steel 50L, according to DSTU 8781:2018 the values not lower than
After normalization with tempering 569 334 0,58 11 20
After quenching and tempering 736 392 0,53 14

The elongation 6 of the metal brackets varied from 1.8 to 3.3%, while the relative
narrowing y ranged from 1.2 to 5.9% (see table 3). However, according to the requirements for
both steel analogs regulated by DSTU 8781:2018, the lowest value of & is achieved after
normalization with tempering (for steel 50KhHL it is 5%, and for 50L — 11%), and the value of
v for steel SOKhHL is not regulated, while for steel S0L, it should not be lower than 20%. In
our case, both plasticity characteristics of the metal of the brackets under consideration have
been significantly lower (at least 2—3 times) than the regulated values. Such a violation of the
requirements for total deformations (by both plasticity characteristics), which precede the
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ultimate fracture of elements, combined with the low ability of the metal to plastically deform
until reaching the maximum stress level (judging by the ratio ovs / cuts), poses a threat of brittle
unpredictable fracture of the analyzed elements even in the absence of cracks in the elements
before their operation.

Conclusions. It has been determined that the prototype steel for bracket No.1 is steel
50KhHL or 50L, and for bracket No.2 it is steel 30L. A slight deviation in the content of alloying
elements from the regulated levels for these steels has been noted. The resistance to brittle
fracture of the metal in both brackets was found to be low, particularly for steel 50L, where the
KCV value was almost 2.5 times lower than the regulated level. It has been established that
despite the compliance with the regulated values of the yield strength of the metal in both
brackets, their ultimate tensile strength values do not meet this requirement. Regarding the
ductility characteristics, they are 2...3 times lower than permissible.

Non-compliance with the requirements regarding the magnitude of total deformation
(for both ductility characteristics) preceding the final failure of the elements has also been
identified. Considering the low ability of the metal to plastically deform until reaching the
maximum stress level (in terms of the ovs / cuts ratio), brittle and unpredictable failure of the
analyzed elements becomes possible even in the absence of cracks in the elements before their
operation.

The performed certification of metal for such critical components for automotive
transport as bracket castings has justified the necessity of mandatory incoming inspection of
the castings according to the following algorithm: visual inspection of their surface for
compliance of detected defects with quality requirements for castings; random inspection for
the presence of internal defects and their compliance with requirements; determination of the
chemical composition of castings from one batch and their mechanical properties as a basis for
ensuring their operability providing there aren’t any unacceptable external and internal defects
in the castings.
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Pe3tome. Ilpoananizogano mexHiuHuli cmax Memany HeeKCHIYAmo8aHUX KPOHUMENHI8, BUABIEHO
HegiON0GiOHICMb IX MeXaHiyHux 1acmueocmell pe2iameHmo8aHuM umozam. Becmanoeneno, wo 3a emicmom
OCHOBHUX elleMenmie cmaib KpoHuimena Ne 1 gionosioae ximiunomy cxkaady cmani 30J1, a kponwmetina Ne 2 —
cmani 5071, ane uepes emicm 0,5 mac. % Cr it cnio gionecmu 0o cmani S0XTJ1. [lokazano, uwjo 8i0HOCHe 8U008H#CEHHS
0 Mmemany Kpowwmelnie, sake 3Mminioganocsa 6i0 1.8 0o 3,3%, ma ecpanuys miynocmi OYaIU HUNCHUMU
De2NaMeHmMOBAH020 PisHs. 32i0H0 3 8uMo2amu 011 060x cmaneli-ananoeie, peenamenmosanumu JCTY 8781:2018,
HAUHUdCHe 3HAYEHHA & 00CAAEMbCA NICASL Hopmanizayii 3 eionyckom (0as cmani S50XIJI éono cmanosums 5%, a
ona S0J1 — 11%), a snauenna y ons cmani 50XIJ1 ne pecnamenmyems, a ons cmani 50J1 — mae bymu ne nHudsicuum
3a 20%. Hu3oKi 3nauents 0 ma cniégioHOULCHb MINC 2PAHUYSAMU RAUHHOCME ma Miynocmi ovs | outs, ceiduame npo
HU3LKUL 3anac NAACMUYHOCII Memany KpOHWMEUHI8 i 8i0N0BIOHO BUCOKY UMOBIPHICMb IX HENPOSHO308AHO20
KpUXKo20 pyUunyeanus mnio uac excniyamayii. Bpaxosyiouu me, wo aumanizosami eiemeHmu 6ionogioanvbHi 3a
be3neune Kepy8anHsa aemoOYcom, Mo NOBUHHI MAMU GUCOKUL ONIp KPUXKomy pyunyeanHio. Bcmanoeneno, wo
yoapua 6’asxicme memany Kpowwmeiinepie Ne 1 ma Ne 2 cmanosuna 100 ma 70 KIIm? gionogiono. Ompumani
3HauenHs € Hudcuumu (y 2,5 paza) 3a peenamenmosani 051 maxkoz2o muny cmanei (ockinoku 0as cmani S0XIJ1
snayenns KCV ne peenamenmosani, mo 3a npomomun e3sau eumoeu 0o cmani 50J1). Ilposedeno amecmayiio
Memany —GUIUBKIG KPOHWMEUHIE Oisi  asmomoOinbHozo mpancnopmy. Pexomendosano HeoOXiOHicmb
0008 ’513K08020 6XIOHO20 KOHMPOIIO TUMBA, WO GKIHOUYAE BI3YANbHULL KOHMPOb IX NOSEPXHI W000 8i0N0GiOHOCI
BUABIEHUX 0eheKmig 8UMO2aM 00 KOCMI BUNUBOK, BUOIPKOGULL KOHMPO/Ib HA HASGHICIb BHYMPIUHIX OeheKkmis i
ix 6i0OnoGIOHICMb BUMO2U, A MAKONC BUSHAYEHHS XIMIYHO20 CKIAOY GUNUBOK OOHIEI NAABKU MA IX MEXAHIYHUX
eracmusocmell ik OCHO8a 015 3a6e3neueHts ix pobomo30amnocmi.
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