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Abstract. Purpose. Analysis of DSTU 3184 requirements for spherical steel shot and heat-treated spherical steel shot in
the context of ensuring production accreditation procedures. Methodology. The research material was manufactured by
SE “STALZAVOD TAS” using the method of steel melting and pouring into rotary nozzles with subsequent atomization of
the melt on a water curtain to form shot particles. Metallographic analysis was performed using a NEOPHOT-32 optical
microscope. Findings. The analysis of DSTU 3184-95 requirements for spherical steel shot type was carried out with
regard to its size distribution, microstructure, unacceptable defects, heat treatment, and chemical composition. It was
established that the distribution of steel and cast-iron spherical shot into 10 nominal sizes specified by DSTU 3184 does
not correspond to international standards for this type of product. According to DSTU 3184, the chemical composition of
the shot is determined by the manufacturer, which decreases the level of regulatory control. The necessity of aligning the
regulated microstructure of heat-treated steel shot with its chemical composition was identified. Requirements for unac-
ceptable defects under DSTU 3184 include the ratio of maximum to minimum particle diameter, the area of shrinkage
porosity, the length of the largest crack, and the area of the largest cavity; however, they do not take into account such
typical defects for this product as gas pores and non-metallic inclusions. Originality. A comparative analysis of the re-
quirements of national and international regulatory documents and technical specifications regarding permissible defect
levels in steel shot was performed. The study revealed that DSTU 3184 provisions are inconsistent with modern require-
ments concerning the regulation of chemical composition and its compliance with the declared microstructure. Practical
value. The revision and adaptation of DSTU 3184 regulatory requirements to current technical realities and international
standards are substantiated as critical factors for maintaining the competitiveness of domestic products in both national
and international markets.
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AHomauisi. Mema. AHaniz HopmamusHux aumoe [JCTY 3184 Ha Opi6 cmanesul cepepuyHuli mapok [JCC ma ACCT 3
no3uyit ix seu4eprnHocmi 0ns 3abe3nedeHHs1 akpedumauitiHux rmpoyedyp supobHuymea. Memoduka. O6’ekmom Oocri-
OxxeHHs1 6ys cmanesuti Opi6 mapok [JCC ma [CCT supobHuumea A1 « CTA/TIbBABO/ TAC», suzomosrneHutli Memooom
rnasneHHss ma 3anueaHHs cmarsi y obepmarbHi (popCyHKU 3 nodarnbwiuM po3ruieHHsIM po3riasy Ha 800siHy 3asicy 0ns
opmysaHHsi Opobosux Yyacmok. MemarnoepaghivHuli aHani3 Mposodunu i3 3acmocy8aHHsIM C8imi108020 MiKpockona
NEOPHOT-32. Peaynsmamu. 3dilicHeHo aHani3 nonoxeHb [JCTY 3184-95 ujodo dpoby cmanesozo muny [CC cmoco-
8HO I020 hpakyitiHo2o cknady, Mikpocmpykmypu, Hedorycmumux eghekmia, mepmidHOi 06pobku ma XiMiyHO20 cknady.
BcmaHoerneHo, wjo nepedbayeHuli cmaHdapmom po3nodin ¢hpakuilti cchepuyHo2o dpoby cmaneso2o ma YagyHHO20 Ha
10 HoMiHanbHUX po3mipie He gidnosidae MixHapoOHUM sumoeam A0 uboeo 8udy rpodykuii. 32idHo 3 [CTY 3184 eusHa-
YeHHS1 XiMiHHO20 cknaldy noknadaembcs Ha 8UPOBHUKa, WO 3HUXYE pigeHb peanameHmosaHocmi. BusieneHo Heobxio-
Hicmb y3200XK€HHS1 6CMaHo81eHOI MIKpOCmMpyKmypu mepmidHo 06pobrieHo2o 0poby 3 (io2o ximidyHuUMm ckriadom. Bumoau
0o Hedorycmumux decpekmig 3a JCTY 3184 oxonnorome 8iOHOWEHHS MakcuMarbHo20 Oiamempa OpobuHu 00 MiHiMa-
JIbHO20, rrrowy ycado4Hoi nopucmocmi, 008XUHy Haubinbwoi mpiwuHu ma rowly Halbinbuwoi pakoguHu, 00HaK He epa-
Xo8yromb maki xapakmepHi 05151 ub020 8udy MPoldyKyii deghekmu, sk 2a308i nopu ma Hememaresi eknoveHHs.. Haykoea
HoBU3Ha. BukoHaHo rnopigHsinbHUl aHani3 8UMOe HayioHalbHUX ma MiXkKHapoOHUX HOpMamueHUX OOKYMEeHMI8 i mexHid-
Hux crnieyucgbikauiti ujodo dorycmumozo emicmy Oeghekmig y cmarnesomy Opobi. [NokazaHO He8i0no8iOHICMb MOIOXKEHb
ACTY 3184 cyyacHum sumozam Ao peanameHmauii XimidHo2o ckrnady ma Uoz2o 8i0rnosiOHOCMI 3as6MeHil MiKpoCmpyK-
mypi. lMpakmuyHa 3Havywicms. O6rpyHmosaHo HeobxioHicmb nepeansdy U adanmauii HopmamusHux eumoe JCTY
3184 0o cyyacHuUx mexHidHuUXx peanili ma MixHapoOHUX cmaHdapmie 3 Memoro Mid8UULEHHST KOHKYPEHMOCTPOMOXHOCMI
8imYu3HsIHOI MPOOYKUii Ha 8HYyMPIWHBLOMY ma 308HIWHbOMY PUHKaX.

Knrouoei cnoea: cmanesuli 0pi6, HopmMamueHe 3abe3nedeHHs, Mikpocmpykmypa, Oeghekmu, chpakyiliiHull cknad,
akpedumaujisi.

Introduction. The foremost objective of modern in-
dustry is to ensure high product quality that meets con-
sumer expectations, regulatory and technical docu-
mentation, and international standards. In the context
of global competition, intensified production pro-
cesses, and continuously rising customer expecta-
tions, enterprises are required not only to maintain

stable manufacturing operations but also to implement
an effective quality management system across all
stages of the product life cycle.

Product quality is a decisive factor in determining
an enterprise’s competitiveness, reputation, economic
efficiency, and market resilience. It is influenced by a
wide range of factors — from material selection and
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adherence to technological processes to final output
control and post-sale service.

Modern approaches to quality management are
based on international ISO 9000 series standards, par-
ticularly DSTU ISO 9000:2015, which provide a unified
understanding of the term "quality" as the degree to
which a set of characteristics of an object meets estab-
lished requirements [1].

A guarantee of product and service quality is the
presence of appropriate certification, confirming com-
pliance with established requirements, technical regu-
lations, and international standards. In today’s condi-
tions of globalization, open markets, and rising con-
sumer expectations, certification becomes not only a
control tool but also a key element of an enterprise’s
competitive strategy [2].

Since quality today is viewed not only as compli-
ance with technical specifications but also as a com-
prehensive indicator including service, reliability, envi-
ronmental friendliness, and safety, the role of certifica-
tion goes beyond formal confirmation. It becomes a
management tool integrated into all levels of enterprise
activity [3].

Product and service certification is carried out
through attestation procedures that involve verifying
the conformity of the evaluated object to established
standards, technical conditions, or regulatory docu-
ments. This process includes technical documentation
review, testing, production audit, and analysis of the
quality management system. Only after successfully
completing all stages can an enterprise or organization
receive the appropriate certificate of conformity.

It is important that the effectiveness and reliability
of certification are guaranteed by the accreditation of
certification bodies, confirming their technical compe-
tence, impartiality, and compliance with international
standards such as ISO/IEC 17065 (for products) or

ISSN 1028-2335 (Print)
Teopisi i npakmuka memanypeii, 2025, Ne 2
Theory and Practice of Metallurgy, 2025, No. 2

ISO/IEC 17021-1 (for management systems). In
Ukraine, accreditation is carried out by the National ac-
creditation agency of Ukraine (NAAU) in accordance
with DSTU EN ISO/IEC 17011.

Thus, certification together with accreditation cre-
ates a closed trust system between the manufacturer,
consumer, and the state, ensuring transparency, legal
validity, and international recognition of product and
service quality.

Therefore, one of the most crucial steps in ensuring
product quality is the selection of adequate regulatory
requirements according to which the product is evalu-
ated. Clearly formulated, up-to-date, and technically
justified requirements form the basis for objective con-
trol, certification, and continuous quality improvement.
Without unified regulatory guidelines, the concept of
“quality” loses its measurability, and product compli-
ance loses its evidential power.

Purpose and objectives of the research — to es-
tablish the validity of the requirements set forth in
DSTU 3184 for spherical steel shot and heat-treated
spherical steel shot in terms of the completeness of
normative characteristics necessary to support accred-
itation procedures in production.

Materials and research methods. Standard
DSTU 3184-95 Steel and cast iron shot. General tech-
nical conditions applies to cast steel and cast iron
spherical and angular shot intended for technological
purposes, shot blasting and shot peening of blanks
(castings, forgings, rolled products); for surface hard-
ening of machine parts; for scoring rolls of rolling mills
and other technological operations [4].

Spherical steel shot and heat-treated spherical
steel shot produced by SE “STALZAVOD TAS” (Figure
1, a) is manufactured by melting and pouring steel into
rotating nozzles with atomization of the melt (Figure 1,
b) onto a water curtain to create shot particles [5].

Fig. 1 — External appearance (a) and rotating spray cup (b) of the steel melt of spherical steel shot produced

by SE “STALZAVOD TAS” [5]

Microstructural research specimens were prepared
using standard methods in accordance with ASTM E3-
11 (2007) “Standard Guide for Preparation of Metallo-
graphic Specimens” with mechanical grinding [6]. Me-
chanical polishing was performed on a felt wheel using
diamond paste.

Metallographic analysis was conducted using a
NEOPHOT-32 optical microscope following generally
accepted procedures.

Shot, as a commercial product, according to DSTU
3184, must conform to the following types: spherical
steel shot, angular steel shot, heat-treated spherical
steel shot, and heat-treated angular steel shot.
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Angular shot is obtained by crushing the corre-
sponding spherical shot.

General requirements for steel shot and its testing
methods are regulated by the following normative doc-
ument: DSTU 3184-95, ISO 11124-1:2018, 1SO
11124-2:2018, 1ISO 11124-3:2018, 1ISO 11124-4:2018,
ISO 11124-5:2018, ISO\PWI 11124-6, ISO\DIS 11124-
7:2018, 1ISO 11125-1:2018, ISO 11125-2:2018, 1SO
11125-3:2018, ISO 11125-4:2018, ISO 11125-5:2018,
ISO 11125-6:2018, 1ISO 11125-7:2018, ISO 11125-
8:2018, DSTU ISO 11125-1:2015, DSTU ISO 11125-
5:2015, SAE J827, SAE J2175, SAE J444, DSTU
3185-95, ISO 11125-9:2021, SAE J445.

Research results. Analysis of the requirements of
DSTU 3184-95 for spherical steel shot type.

Analysis of the fractional composition of steel
shot

According to the requirements of DSTU 3184, the
fractions of spherical steel and cast iron shot are di-
vided into 10 nominal sizes.

However, some manufacturers, depending on the
intended use of the products, supply steel shot in two
fractions with the conditional designations «fine parti-
cles» and «coarse» with sizes of 1-3 mm and 3-5 mm,
respectively.

At the same time, the standard DSTU EN ISO
11124-2:2022 includes 12 nominal shot sizes [7], and
DSTU EN ISO 11124-3:2022 includes 14 nominal shot
sizes [8]. Specifications from the Society of Automotive
Engineers (SAE), specifically SAE J444, distinguish 20
shot sizes [9].

It is evident that when conditionally designating
shot according to the requirements of section 4.2 of
DSTU 3184 under the item “shot number,” in the case
of supply in two fractions from the dimensional ranges
mentioned above, this item in the product’s accompa-
nying documentation cannot be accurately fulfilled.
This is due to a contradiction — the dimensional range,
for example, 1..3 mm, according to the National stand-
ard DSTU 3184, includes 5 shot fractions. Fractions
smaller than 1 mm — three; 3..5 mm — two.

Even when agreeing to supply this product accord-
ing to the requirements of European, International, or
other standards (due to other objective circumstances
of interaction between the organization and the cus-
tomer), the boundaries of the 10 size ranges of shot
fractions under the National Standard requirements do
not align due to their differing quantities (see above —
12, 14, 20).

Analysis of the chemical composition of steel
shot

According to the requirements of DSTU 3184, the
chemical composition of the shot is determined by the
manufacturer.

The chemical composition of potential low-carbon
and high-carbon steels for shot production is regulated
by the following normative documents: DSTU
8781:2018, DSTU 7809:2015, DSTU 3833-98, I1SO
11124-3:2018, 1ISO 11124-4:2018, SAE J2175, SAE
J827, and the AUREMO Steel and Alloy Handbook.
Thus, as noted above, this is the first reason for
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aligning this technical requirement for steel shot with a
standard other than DSTU 3184-95. A key considera-
tion in this case is that such alignment must take into
account the possibility of ensuring a clearly defined mi-
crostructure of the shot material, which is unequivo-
cally stipulated by DSTU 3184-95 (this issue will be ex-
amined in detail later).

Analysis of unacceptable defects in steel shot

The requirements for unacceptable defects under
DSTU 3184 include the following categories:

a) the ratio of the maximum diameter of the shot
particle to the minimum > 1.7;
b) shrinkage porosity area greater than 40% of the shot
particle area;
c) the length of the largest crack greater than 20% of
the shot particle diameter;
d) the area of the largest cavity greater than 10% of the
shot particle cross-section.

Thus, DSTU 3184 regulates technical requirements
for the perfection of the spherical shape of the shot,
defects of crystallization origin (shrinkage porosity) in
melt droplets (Fig. 2, a), crack formation in products re-
lated to thermal expansion/contraction of the material
(Fig. 2, b), and casting shrinkage (Fig. 2, c).

At the same time, such obvious inconsistencies as
non-metallic inclusions (Fig. 2, d) and gas porosity
(Fig. 2, e), from the perspective of the normative docu-
ment, are not recognized as product defects at all.

As will be shown later, this situation is partially ad-
dressed in foreign standards.

Analysis of heat treatment of steel shot

Heat-treated shot is obtained by performing addi-
tional heat treatment to relieve residual stresses and
improve operational characteristics.

Requirements for the microstructure of steel
shot

DSTU 3184-95 establishes the requirement: “The
microstructure of heat-treated steel shot must consist
of tempered martensite with bainite.”

This unequivocal standard provision immediately
introduces a correction to the manufacturer’s freedom
to independently choose the chemical composition of
the product material.

Obtaining a martensitic structure in steels with car-
bon content below 0.3% is problematic without the use
of complex and costly production measures, such as
cryogenic cooling media for quenching.

For high-carbon steels (hypereutectoid composi-
tion), it is necessary to consider the carbide phase (ce-
mentite) as an additional structural component, which
is not normatively provided.

Discussion of results

General assessment of permissible defect con-
tent

Table 1 presents the results of an analysis of the
requirements of national and international normative
documents and specifications regarding the permissi-
ble content of shot with deviations from spherical
shape, shrinkage porosity, cavities, and cracks.

Despite some discrepancies in the quantitative
characteristics of such defects across different



normative documents, they are mostly consistent and
all converge in the total number of defective shot parti-
cles.

d
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Fig. 2 — Crystallization-related defects in steel shot: a — shrinkage porosity, b — cracks, ¢ — cavity, d — non-

metallic inclusions, e — gas pores; x50

Table 1 — Permissible content of defective shot particles

Normative Permissible shot content, %, not more than Total  defective | Foreign inclu-

document with with with with cracks shot content, %, | sions, %, not
deviation from | shrinkage po- | voids not more than more than
spherical shape rosity

DSTU 3184 10 10 10 10 20 0,5

ISO11124-3 | 5 10 10 15 20 1

ISO 111244 | 15 5 15 Not permitted 20 1

SAE J2175 5 10 10 5 20 -

SAE J827 5 10 10 15 20 -

Assessment of structural discontinuity require-
ments

Unlike DSTU 3184, international standards 1SO
11124-3 and ISO 11124-4 include a category of non-
conformity — «voids». According to ISO 11124-4:2018
[10], this is defined as «a smooth surface internal cav-
ity considered undesirable when greater than 10% of
the cross-sectional area of a particle». Based on the
criterion of «smooth-surfaced cavity», at least gas
pores (see Fig. 2, e) may be classified as such a de-
fect. With a certain degree of permissibility, this cate-
gory may also be used to assess the presence of non-
metallic inclusions (see Fig. 2, d) and other defects.
However, in these cases, the presence of a smooth in-
ternal surface of the discontinuity is not absolutely
guaranteed.

Nevertheless, when a national standard is in place,
the use of other individual normative technical require-
ments — even those of international scope — for proce-
dures of attestation, accreditation, and certification of
production and products is not permitted.

Assessment of chemical composition require-
ments

The issue of assigning normative requirements to
the chemical composition of a specific product on an
international scale is resolved through the use of indi-
vidual standards.

The international standard ISO 11124-4:2018 [10]
establishes requirements for the chemical composition
and structure of shot, specifically a carbon content of
0.08-0.20%.

Microstructure: bainite (Fig. 3, a) or martensite (Fig.
3, b). Ferrite and pearlite phases along grain bounda-
ries must not exceed 5% in any individual area of ex-
amination. This type of structure is essential for ensur-
ing a combination of high hardness and durability. No
more than 15% of test specimens may exhibit undesir-
able microstructure.

The SAE J2175 specification for low-carbon cast
steel shot sets the carbon content in the range of 0.1-
0.15%. The corresponding microstructure is a transi-
tional structure (bainite) (see Fig. 3, a), defined in the
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normative document as: “a mechanical mixture of fer-
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bainite) and needle-like (lower bainite) types with a
small amount or complete absence of free carbides [9].
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Fig. 3 — Microstructures of heat-strengthened structural hypoeutectoid steel: a — bainite, b — martensite,

¢ — martensite with bainite; a-c — x1000

Analysis of these normative documents raises
questions about how a martensitic structure is
achieved in low-carbon (<0.3% C) steel shot. From the
standpoint of fundamental principles of modern metal-
lurgy, the transformation of austenite during continu-
ous cooling of steels with carbon content <0.3% [11]
cannot produce martensite without the use of special,
unconventional heat-strengthening techniques.

The chemical composition of hypoeutectoid struc-
tural steels with carbon content greater than 0.15% up
to 0.60% (grades 15L, 20L, 25L, 30L, 35L, 40L, 45L,
50L, 55L) is regulated by the national standard DSTU
8781:2018 [12].

According to DSTU 7809 [13], stable martensite
formation occurs in heat-strengthened steels with car-
bon content of 0.3-0.6%, i.e., grades 35L, 40L, 45L,
50L, 55L.

Indeed, analysis of thermokinetic diagrams of aus-
tenite transformation in medium-carbon steels (Fig. 4)
[14] confirms the reliable hardenability of these materi-
als for martensite formation. They exhibit a wide tem-
perature-time range for intermediate transformation
with bainite formation and, evidently, phase transfor-
mations involving shear and shear-diffusion recrystalli-
zation of austenite, resulting in structures combining
bainite and martensite.

The recommended heat treatment regime for these
steels according to DSTU 7809 is: quenching from
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900°C followed by tempering at 200°C, resulting in a
tempered martensite structure.

The structural state of steel products with the car-
bon content currently under discussion, when imple-
menting heat treatment procedures according to the
phase transformation diagram during continuous cool-
ing of austenite (see Fig. 4), is presented in Fig. 3. To
obtain the desired structure of steel shot, the national
standard DSTU 3184-95 provides manufacturers with
permission to freely choose the heat treatment regime
at their own discretion.

Thus, fulfilling the DSTU 3184-95 requirement re-
garding the microstructure of tempered martensite and
bainite is realistic, but under the normative restriction
of the chemical composition of products to specific
grades of medium-carbon hypoeutectoid steels ac-
cording to DSTU 8781:2018.

The international standard ISO 11124-3:2018 [8]
establishes requirements for the chemical composition
and structure of shot, namely a carbon content of 0.8-
1.2%.

Microstructure — martensite and/or bainite, tem-
pered to a degree corresponding to the hardness
range (see Fig. 3, c), with fine, uniformly distributed
carbides, if present (see Fig. 5, a). Partial decarburiza-
tion, carbide networks (see Fig. 5, b), and segregation
along grain boundaries with products of high-tempera-
ture transformation, such as pearlite, are undesirable.



No more than 15% of tested samples should exhibit
undesirable microstructure.
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Fig. 4 — Diagram of continuous cooling transformations of AlSI 1045 steel [14]

a
Fig. 5 — Morphology of the carbide phase in high-carbon steel: a — tempered martensite with globular car-
bides, b — carbide network; a — x500, b — x200

The SAE J827 specification for high-carbon cast
steel shot also sets the carbon content in the range of
0.85-1.2%. The microstructure of high-carbon cast
steel shot must be homogeneous martensitic with fine,
uniformly distributed carbides (see Fig. 5, a).

As in SAE J827, the SAE J2175 specification states
that a carbide network (see Fig. 5, b), partial decarbu-
rization, grain boundary segregation, or pearlite are un-
desirable. No more than 15% of tested samples may
exhibit these defects.

In this case of high-carbon steel, there is an evident
inconsistency regarding the microstructure require-
ment. DSTU 3184 contains no information about car-
bides, carbide networks, grain boundary segregation,
etc.

Conclusions

Based on the research results, the following has
been established:

There is an evident inconsistency between the nor-
mative requirements of DSTU 3184-95 and the objec-
tive presence of defects in spherical steel shot and
heat-treated spherical steel shot, particularly in the
omission of gas porosity, non-metallic inclusions, and
other structural discontinuities.

DSTU 3184-95 is only partially suitable for the pur-
poses of technical auditing of shot production from a
limited number of structural steel grades and the cor-
responding products for their attestation, accreditation,
and certification.

The current normative framework imposes certain
limitations on the development of the steel shot pro-
duction sector, which in turn necessitates its revision,
adaptation to new technical realities, and integration of
international standards. This is critically important for
ensuring the competitiveness of domestic products
both in the domestic and international markets.
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