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This article presents the results of a study on the effect of reinforcement on
the microstructure of high-carbon steel castings. Plates with thicknesses of
0.5, 1.0, 1.5, and 3.0 mm are used as reinforcing elements. The implantation
of the inserts into the castings is carried out by placing them into a pre-
formed cavity in a polystyrene-foam model, which is then set into a mould
and poured with molten high-carbon steel. Examination of the °‘in-
sert—-matrix’ interfaces revealed both defect-free and defective contact areas,
the latter appearing as gaps with maximum widths exceeding 100 uym. A cor-
relation is established between the heating temperature of the inserts and the
length of the gap-containing interface. A quantitative relationship is deter-
mined between the insert thickness and the extent of the gap in the ‘reinforc-
ing element—matrix’ contact zone, and a mechanism of this effect is pro-
posed. The influence of insert thickness on the minimum, maximum, and av-
erage pearlite-grain area, as well as on its distribution within the matrix of
the castings, is analysed. Analytical models are developed to describe the ef-
fect of insert thickness and gap length on the average pearlite-grain area in
the microstructure of the casting near the insert surface and at a distance of
20 mm from it. As found, the minimum average pearlite-grain area near the
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insert surface reaches 170.4 pm? at an insert thickness of 2.2mm and
148.2 ym? at a distance of 20 mm for a 2.0 mm thick insert, which is 6 and
14 times lower, respectively, than in castings without inserts. The most pro-
nounced grain-refinement effect is observed for inserts with a thickness of
2.0-2.2mm and a gap length at the ‘insert—-matrix’ interface in the range of
62-72%.

Key words: steel, reinforcement, structure, casting, pearlite, solidification.

B crarTi ommcaHo pesysbTaTH AOCITiM:KeHHS BIJUBY apMyBaHHS Ha MiKpo-
CTPYKTYPY BWJIMBKIB 3 BHCOKOBYIJIEeNeBol Kpuri. SIK apmMyBanbHi eseMeHTH
BUKOPUCTOBYBaIM IjacTuHU ToBIuHOWO y 0,5, 1,0, 1,5, 3 MmM. IMmmmanTaIito
apMyBaJbHUX BCTABOK YV BUJIMBKY BUKOHYBAJU IIIJIAXOM BBEIEeHHS iX y mome-
PEeIHBO IMiATOTOBIEHY IOPOYKHUHY B MiHOMOJIiCTHPOJIOBUH MOJIe/Ib, 1110 BCTAHO-
BJIIOBaBCA Y JIUBApHY (OpMy Ta 3aIMBABCA PiIKOI0 BUCOKOBYTIJIEIIEBOIO KPU-
mero. 3a pe3yabTaTOM AOCJiMTKEeHHS MeXK MOAiJYy MidK BCTaBKaMHU Ta MaTPUU-
HUM CTOIIOM BCTaHOBJIEHO, IO € IK 0e3medeKTHi, Tak i ;edeKTHI Miciia KOHTa-
KTiB y BUTJISAI 3a30PiB, B AKNX MaKCUMaJbHA BUCOTA 3a30Py MOKe OyTH ITOHAT
100 mKM. BeTaHOBIEHO KOPEIAIiI0 MijK TeMIIepaTypoio HarpiBaHHSA BCTaBOK i
TOBXKXUMHOIO 30HM KOHTAKTY i3 32a30pOM i BUBHAaU€HO KIIbKiCHY 3aKOHOMipHiCTH
BILTMBY TOBIIIMHY BCTABOK HA IIPOTAKHICTH 3a30Py B 30HI KOHTAKTY «apMyBa-
JIBHUHA eJIeMeHT-MaTPUIA» Ta 3alIPOIOHOBAHO MexaHisMm BmimBy. Ilokasano
BILIMB TOBIIUHY BCTABOK Ha MiHiMaJabHYy, MAKCHUMAJBHY Ta CEPEIHIO ILIOIIY
3epeH IEePJIiTy Ta PO3IMOAiJa iX ¥ MaTpuIli BUINBKiB. BecranoBieno amamiTuuni
3aJIE}KHOCTI BILIMBY TOBIIIVHU BCTABOK i JJOBXKWHU 3a30pY Ha CEPENHIO ILJIOITY
3epeH NePJIiTy MiKPOCTPYKTYpPHU BUJIMBKIB 0iyia moBepxHi BCTAaBOK i Ha Bixmasri
20 MM Big Hux. BusHaueHo, 110 MiHiMaibHe 3HAUEHHA CepelHbOl IJIOI 3epHa
nepiity 6ina moeepxHi BeTaBoK carac 170,4 MmEM? 3a TOBIMHM BCTABKHU Y
2,2 mm i 148,2 mrm? Ha Bigganiy 20 MM 3a TOBIUMHY BCTaBKH y 2,0 MM, 1110 B 6
i 14 pasiB BiATIOBiIHO MeHIIIEe, HiK V BUJIMBKAaX 6e3 BCTaBOK. 3a pe3yabTaTaMu
IOCTiyKeHHs BCTAHOBJEHO, IO HANOiAbIN eeKTUBHUY BIJIUB apMyBaJbHUX
BCTAaBOK HA JUCIIEPI'YBAHHA MEPJITHOI CTPYKTYPU CHOCTEPIraeThCs 3a IXHBOI
ToBmuHI Big 2,0 mo 2,2MM i mOBXKUHI 3a30py HA MeKi HOALITYy «BCTaB-
Ka—MaTpuitsa» Big 62 mo 72%.

KarouoBi ciioBa: Kpuilidg, apMyBaHHSA, CTPYKTypa, BUJIWBOK, IIEPJIT, TBEpP.I-
HEHHS.

(Received 17 July, 2025; in final version, 15 October, 2025 )

1. INTRODUCTION

Reinforcement of castings is one of the effective methods for improv-
ing the quality and manufacturability of components with complex ge-
ometry. As a technological approach, reinforcement enables the com-
bination of several ferrous materials with different physical properties
within a single casting, while maintaining relatively low production
costs through casting processes. For example, a grey cast iron matrix
can be reinforced with a high-carbon steel insert in areas requiring in-
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creased hardness. Alternatively, stainless steel inserts may be used in
zones where localized corrosion resistance is needed. Another case in-
volves using a hard matrix made of high-carbon alloy steel and a softer
steel insert to facilitate machining in specific locations, such as for
threading in screw joints—either without additional machining or
with only minimal post-processing.

Reinforced castings are produced by various methods of liquid-
phase bonding, which involve the consolidation of solid reinforcing el-
ements with molten metal that, upon solidification, forms a composite.
The structure and properties of reinforced castings are determined by
the combination of the structure and properties of the reinforcing ele-
ments, the matrix, and their interfacial region.

During pouring, cooling, and solidification, physical and chemical
interactions occur between the reinforcing elements and the matrix.
These interactions lead to changes in the physical, chemical, and struc-
tural homogeneity of the matrix and contribute to the formation of the
interface between the reinforcing element and the matrix.

The heat balance equation during the solidification of a metal layer
on a solid reinforcing element is as follows:

dqmould = dqcool + dqcryst + dqreinf * (1)

Here, dgmoua—heat removed to the mould from the solidified metal,
dge..o—heat released during cooling of the melt from the pouring tem-
perature to the solidification temperature, dq.y+—heat released dur-
ing metal crystallization, dgr.n+—heat released during cooling of the
metal from the crystallization temperature to the temperature of the
solid reinforcing element.

The reinforcing element accumulates part of the heat released dur-
ing melt solidification, which promotes accelerated crystallization and
suppresses segregation processes. In this case, the intensity of internal
heat removal can be 3 to 5 times higher than that of external heat dis-
sipation through the mould wall [1].

The amount of heat transferred under steady-state heat exchange
conditions from the volume of liquid metal to the surface of the rein-
forcing element dgreins is determined by the following equation [1]:

qreinf = B(tl - ts)‘c * (2)

Here, p—contact heat transfer coefficient from the liquid metal to the
surface of the reinforcing element, #; and t—temperature of the melt
and the initial temperature of the surface of the reinforcing element,
respectively, —duration of heat exchange.

According to [2], the heating temperature of a metallic component
(tneat) in an external environment with temperature (fe.v) is determined
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by the following expression:

(3)

init avz *

oFt 2
- o°Q
theat = (tenv - tinit) (1 —e ™ j +1

Here, tinr——initial temperature of the metallic component, m and
F—mass and surface area of the metallic component, respectively,
c—heat capacity of the metal, o—heat transfer coefficient of the met-
al, ——duration of heat exchange.

The interaction between the reinforcing element and the solidifying
melt occurs in two stages. The first stage begins filling during mould
and is accompanied by the formation of a solidified metal layer on the
surface of the insert. At this stage, the most intense heat exchange
takes place during the initial period of layer formation. A study of the
solidification dynamics of the melt on the reinforcing element [3] re-
vealed that the contact between the outer surface of the insert and the
solidifying melt is discrete in nature.

The condition of the contact between the melt and the surface of the
insert has a significant effect on the intensity of heat exchange with
the reinforcing element. In the contact zone, oxide films and gas layers
are formed, which introduce considerable thermal resistance to the
heat transfer from the solidifying melt to the reinforcing element and
contribute to the formation of a gap.

The formation of a gap between the reinforcing element and the ma-
trix occurs during the heating of the insert to a temperature below the
solidus point, as well as due to gas release at the surface of the rein-
forcing element caused by decarburization and moisture evaporation.
During the interaction of the reinforcing element with the melt, gases
trapped in surface depressions and roughness zones heat up and ex-
pand, disrupting the metal solidified on the surface of the insert [4, 5].

The second stage involves the remelting of the solidified layer. Dur-
ing the solidification of a reinforced casting or ingot, these stages are
repeated multiple times.

According to[1], the introduction of 0.6-0.9% of a solid insert into a
mould measuring 250x1650 mm results in its complete dissolution and
a 60% reduction in the columnar crystal zone. The addition of
1.5-2.0% of the solid phase enables ingot reinforcement and complete-
ly eliminates the columnar zone. This leads to a reduction in axial seg-
regation, an increase in impact toughness, and an improvement in the
macrostructure of the cast metal.

A study of the thermophysical conditions of reinforced melt cooling
during continuous steel casting [6] showed that the most effective
cooling occurs when 1.5% of the solid phase is introduced in the form
of a steel strip 0.4 m wide and 0.0015 m thick. In this case, the greatest
portion of heat is consumed for the remelting of the initially solidified
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layer.

The change in the degree of superheat removed during the solidifi-
cation-on-insert process is shown in Fig. 1.

The consolidation of reinforcing inserts placed in the mould with the
solidifying melt after pouring occurs through the formation of a con-
tact zone, which is driven by mechanical and adhesion forces, as well as
diffusion processes[7].

Mechanical bonding is formed when the melt does not wet the sur-
face of the solid element and no chemical interaction occurs between
them. During the shrinkage of the solidifying melt, normal pressure is
exerted on the reinforcing insert, which ensures mechanical bonding.
This pressure is directly proportional to the shrinkage magnitude, the
elastic modulus, and the Poisson’s ratio of both the insert and the ma-
trix, and inversely proportional to the contact surface area of the in-
sert [7].

The level of mechanical bonding is characterized by the coefficient
of friction between the solid element and the solidified casting, which
can be increased by creating grooves or notches on the surface of the
reinforcing inserts. Mechanical bonding is effective under static load-
ing. However, a gap may form between the solid element and the cast
metal due to the incomplete filling of surface depressions, especially
when the melt poorly wets the solid surface. Therefore, surface notch-
es enhance mechanical bonding but also contribute to the formation of
intermittent gaps, which are undesirable under cyclic loading and vi-
brations.

The pressure, at which the liquid metal comes into contact with the
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Fig. 1. Cooling of liquid steel by the reinforcing insert (3), heating and remelt-
ing of the solidified layer (2), and total cooling of the melt (1) [1].
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solid element, influences the formation of mechanical bonds. Higher
pressure improves the filling of surface irregularities and reduces the
likelihood of forming intermittent gaps.

In the case of laminar melt flow and insufficient wetting of the rein-
forcing insert surface, the flow takes the form of a rolling wave, and
air pockets form between the flow and the solid surface. These air lay-
ers contribute to gap formation and weaken the mechanical bond.

The formation of adhesion bonds between the elements of composite
castings occurs when the surface of the reinforcing insert is wetted by
the melt. Wettability can be controlled by introducing surface-active
elements into the melt.

It has been established [7] that increasing the solubility of oxygen,
carbon, and boron in the melt improves the wettability of reinforcing
elements. For melts that wet oxides, effective surface-active compo-
nents are those with a high affinity for oxygen or for the metal present
in the wetted oxide. In the case of carbides and graphite, surface-active
components include carbide-forming elements.

Wettability is enhanced by laminar melt flow during mould filling,
increased melt temperature, the use of fluxes, alloying, and increasing
the surface roughness of the solid phase.

The formation of diffusion bonding zones occurs when the ampli-
tude of surface atom vibrations in the reinforcing element and the ma-
trix exceeds the gap between them. This process is facilitated by press-
ing of the reinforcing element against the matrix, increased tempera-
ture, and wetting of the solid reinforcing surface by the molten metal.

The strength of diffusion bonds is nearly equal to that of the matrix,
whereas the strength of adhesive bonds does not exceed half of the ma-
trix strength.

The refinement of the casting structure upon the introduction of
reinforcing elements is associated with a change in the solidification
rate of the molten metal, which is characterized by the solidification
coefficient.

The solidification coefficient (K) at the ‘solid reinforcing ele-
ment—-melt’ interface is determined by the following equation [8]:

20, —t,.)

K = . (4)
JCpi(t, —t,) +p L +0.5Cp (¢, —t,.)

Here, A—thermal conductivity at the ‘reinforcing element-matrix’
interface, J/(cm-s-°C); ps, pr—density of the solid and liquid metal, re-
spectively, g/cm3; C,, C—heat capacity of the liquid and solid metal,
J/(g-°C); tp, ter, tae—pouring temperature, crystallization temperature,
and temperature of the reinforcing element, respectively, °C;
L—latent heat of crystallization, J/g.

Analysis of Eq. (4) shows that the solidification rate of the melt de-
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pends on the properties of both the liquid and solid metal, as well as on
the temperature of the reinforcing element and the thermal conductiv-
ity of the ‘reinforcing element—matrix’ interface.

According to Ref. [8], when steel chill moulds are heated from 30 to
900°C, the solidification coefficient of cast iron decreases by a factor
of 16, and when heated to 1150°C, it decreases by a factor of 4.6.

A review of the literature indicates that reinforcement of castings
creates prerequisites for improving their quality. However, the effec-
tiveness of reinforcement strongly depends on the conditions under
which the ‘reinforcing element-matrix’ interface is formed and the
development of a gap within this zone, which remains insufficiently
studied.

The aim of this study is to investigate the effect of reinforcement on
gap formation in the ‘reinforcing element—matrix’ contact zone and on
the microstructure of high-carbon steel castings.

2. EXPERIMENTAL/THEORETICAL DETAILS

Plates with a thicknesses of 0.5, 1.0, 1.5, and 3.0 mm were used as re-
inforcing elements, with corresponding masses of 1.8, 3.5, 5.3, and
10.6 g. Inserts 0.5 mm thick were made from plates of carbon steel
(C=0.3wt.%), 1.0mm thick—from notched carbon steel plates
(C=1.5wt.%), 1.5mm—from toothed carbon steel plates
(C=0.6 wt.%), and 3.0 mm—from plates of austenitic stainless steel.

The implantation of reinforcing inserts into the castings was carried
out by placing them into preformed cavities in polystyrene foam pat-
terns, which were then positioned in the mould and poured with liquid
steel, following the procedure described in [9].

Castings in the form of hollow cylinders with a wall thickness of
7.5 mm were produced by pouring steel melt into expendable pattern
moulds containing the pre-installed plates.

The chemical composition of the steel smelted in the induction cru-
cible furnace was as follows (wt.%): C=0.88, Si=1.14, Mn=1.87,
Al=0.076, P=0.025, S=0.015. The liquidus temperature of the steel
was 1466°C, and the solidus temperature was 1436°C.

Photographs of the areas with inserts implanted into the casting are
shown in Fig. 2.

The microstructure of the castings with inserts after solidification
was examined using an epi-tip microscope at magnifications of 100x,
200x, and 400x.

The analysis focused on the microstructure of the near-surface zone
of the casting at the contact with the insert and at a distance of 20 mm
from its boundary.

The effect of the reinforcing inserts on the gap size between the in-
sert and the matrix, as well as on the microstructure of the casting,



160 Ye.H.AFTANDILYANTS, V. A.SLYUSAREV, Yu. H. KVASNYTS’KA et al.

Fig. 2. Sections of castings with inserts of 0.5 mm (a), 1.0 mm (b), 1.5 mm (c¢),
and 3.0 mm (d) thickness.

was assessed using the image analysis software ‘Imaged’.

The effectiveness of the reinforcing inserts on the microstructure of
the matrix was evaluated based on the pearlite grain area. During
mathematical processing of the obtained results, the minimum, maxi-
mum, and average pearlite-grain areas were determined. Histograms
of pearlite area distribution by fractions were constructed using the
‘Analysis ToolPak’ add-in in Microsoft Excel.

Regression and correlation coefficients (Ri) as well as the relative
approximation error (8) were determined with 95% confidence accord-
ing to the methodology described in [10].

3. RESULTS AND DISCUSSION

The examination of the interfaces between the inserts and the matrix
revealed the presence of both nearly defect-free contact zones
(Fig.3,a,b) and zones with gaps of varying size: up to 10 um
(Fig.3,c), from 10um to 100 pum (Fig.3,d), and over 100 pum
(Fig. 3, e).

The analysis showed that, for contact boundary lengths ranging
from 3750 pm to 12450 pm, an increase in insert thickness from 0.5 to
3.0 mm leads to a decrease in the length of defect-free contact zones
from 88% to 2.0%, while the length of defective zones increases corre-
spondingly from 12% to 98% (Fig. 4, line 1).

The relationship between the insert thickness (6;, mm) and the gap



THE EFFECT OF REINFORCEMENT ON THE MICROSTRUCTURE 161

Fig. 3. Microstructure of the contact zones between inserts (1) of 0.5 mm (a),
1.0 mm (b), 1.5 mm (c), and 3.0 mm (d, e) thickness and the matrix (2). Defect-
free contact zones (a); gap up to 10 um (c); gap from 10 to 100 pm (d); gap over
100 pm (e).

length in the ‘reinforcing element—-matrix’ contact zone (I, %) is ex-
pressed as follows:

[ = 33.645,, R=0.949. (5)

To determine the mechanism by which insert thickness influences
gap formation, the effect of inserts on the solidification rate of a
7.5 mm thick casting wall was investigated. Based on experimental da-
ta from Ref. [11], the influence of the ratio of insert thickness (6;, mm)
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Fig. 4. Effect of insert thickness on the number of defects in the contact zone
with the matrix (1), solidification coefficient (2), and insert heating tempera-
ture (3) during casting solidification.

to casting-wall thickness (s, mm) on the solidification coefficient
(K, cm/s%5) was determined and expressed as follows:

K =0.2006 + 0.11055,/5_ , R=0.890. (6)

Analysis of Eq. (6) shows that the solidification coefficient of the
casting wall increases from 0.274 ¢cm/s%% to 0.643 cm/s%° with the use
of inserts 0.5 mm and 3.0 mm thick, respectively (Fig. 4, line 2).

Assuming that the main heating of the inserts occurs during the so-
lidification interval of steel, and using the solidification coefficient to
determine the solidification time of the casting wall, the insert heating
temperature (tins) was calculated based on Eq. (3) (Fig. 4, line 3).

Correlation analysis showed that there is a statistically significant
inverse linear relationship between the insert heating temperature
(tins) and the length of the contact zone with a gap (I, %), expressed as
follows:

1 =128.98 - 0.0801¢,

ins ?

R=0.982. (7

This indicates that as the insert temperature increases, the quality
of the contact between the reinforcing insert and the matrix improves,
reaching a maximum when the insert is heated to the solidification
temperature. This is due to surface remelting of the insert and the
formation of a diffusion bond with the casting.

The microstructure of the near-surface zone of the casting at the
contact with the insert is shown in Fig. 5, and at a distance of 20 mm
from it—in Fig. 6.
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Fig. 5. Microstructure of the near-surface zone of the casting at the contact
with the reinforcing insert: insert thickness 0.5 mm (a), 1.0 mm (b), 1.5 mm
(¢), 3.0 mm (d).

Fig. 6. Microstructure of the near-surface zone of the casting at a distance of
20 mm from the reinforcing insert: insert thickness 0.5 mm (a), 1.0 mm (b),
1.5 mm (¢), 3.0 mm (d).
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TABLE 1. Results of quantitative analysis of the microstructure in the near-
surface zone of the casting.

Insert thick- Parameter Fearite-graln arzi ;S(li)iegl;ircfof 20 mm
ness, mm Near the insert .
from the insert
Minimum 64.5 57.1
0.5 Maximum 3861.3 8051.0
Average 699.3 1286.9
Minimum 66.3 68.4
1.0 Maximum 2933.7 2288.7
Average 460.1 450.9
Minimum 24.4 37.3
1.5 Maximum 1135.6 1995.9
Average 249.3 382.9
Minimum 15.8 34.1
3.0 Maximum 2706.6 3553.6
Average 286.2 609.9
100
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Fig. 7. Distribution of pearlite grain areas in the microstructure of the near-
surface zone of the casting at the contact with the insert (a) and at a distance
of 20 mm from it (b).
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The results of the quantitative analysis of the microstructure in the
near-surface zone of the casting at the contact with the insert and at a
distance of 20 mm from it are presented in Table 1, and the distribu-
tion of pearlite grain areas by size is shown in Fig. 7.

The data in Table 1 show that the minimum pearlite grain area in the
microstructure near the insert surface ranges from 15.8 ym? to
66.3 um?, while the maximum values range from 1135.6 uym? to
3861.3 pm?. The corresponding values at a distance of 20 mm from the
inserts are 34.1 ym? to 68.4 ym? for the minimum and 1995.9 pm? to
8051.0 uym? for the maximum grain area. This means that near the in-
sert surface, the minimum pearlite grain area is 3-216% smaller, and
the maximum is 78-208% smaller compared to the values at a distance
of 20 mm.

At the same time, an increased number of fine pearlite grains are
observed in the microstructure of the castings near the insert surface.
For example, 63% to 90% of pearlite grains have an area ranging from
500 nm?2 to 1000 pm?, which are 19% to 82% higher than at a distance
of 20 mm from the inserts (Fig. 7).

The effect of insert thickness (3, mm) on the average pearlite grain
area (Saup, nm?) is shown in Fig. 8, a. It can be seen that both near the
insert surface and at a distance of 20 mm, the inserts exhibit an ex-
treme (nonlinear) effect on the average grain area.

This is because, during pouring of the melt into the mould contain-
ing the reinforcing insert, the interaction between the insert and the
matrix is accompanied by heating of the insert and the formation of a
gap between the insert and the matrix. An increase in insert tempera-
ture promotes the formation of a strong diffusion bond, but at the
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Fig. 8. Effect of insert thickness (a) and gap length (b) on the average pearlite-
grain area in the microstructure of the casting near the insert surface (1) and
at a distance of 20 mm (2).
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same time reduces the solidification rate of the melt near the insert,
which leads to coarsening of the structural grains.

The formation of a gap between the insert and the matrix reduces
heat transfer at the interface, as the thermal conductivity of air is
700-800 times lower than that of steel. This creates conditions that
slow down the heating of the reinforcing element and, as a result, ac-
celerate the solidification rate and promote structural refinement.

For the microstructure of the casting near the insert surface and at a
distance of 20 mm from it, the pattern of this extreme effect is ex-
pressed as follows (Fig. 8, b).

In the near-surface layer of the casting, directly in the contact zone
with the inserts, the dependence of the average pearlite-grain area on
insert thickness is described by the following regression equation:

S, = 1067.5-811.678 +183.595%, R=0.997. (8)
At a distance of 20 mm from the insert surface, the relationship is as
follows:

Sffg = 2048.7 —1899.25 + 474.475%, R=0.952. 9)

Analysis of Eqgs. (8) and (9) shows that the minimum average pearl-
ite grain area near the surface of the inserts reaches 170.4 pm? at an
insert thickness of 2.2 mm, and 148.2 nm? at a distance of 20 mm at an
insert thickness of 2.0 mm, which is 6 and 14 times smaller, respec-
tively, compared to castings without inserts.

As the study has shown, at gap lengths (A, %) within the range of
62-72%, an increase in the solidification rate promotes the formation
of a fine-dispersed pearlitic structure.

With further increase in the number of gaps, the intensity of this
effect decreases.

The regularity of the influence on the microstructure near the sur-
face of the inserts is described by the following relationship:

Sy, = 826.01 - 16.848A + 0.1168A%, R=0.959. (10)
At a distance of 20 mm from the insert surface, the relationship is as
follows:

Sffp =1438.9 — 38.521A + 0.3118A*, R=0.775. (11)

The analysis results indicate that the most effective influence of re-
inforcing inserts on the dispersion of the pearlite structure is observed
at insert thicknesses ranging from 2.0 to 2.2 mm and a gap length at
the ‘insert-matrix’ interface ranging from 62 to 72%.
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4. CONCLUSION

It was established that, during the reinforcement of steel castings with
inserts, diffusion bonding zones and defects in the form of gaps are
formed at the ‘reinforcing element—matrix’ interface.

An analytical relationship was determined between the length of the
gap in the contact zone and the thickness of the inserts.

It was shown that the effect of insert thickness on gap development
results from the combined action of two opposing factors: the solidifi-
cation rate and the heating temperature of the inserts.

Through microstructural analysis of the castings, quantitative pa-
rameters of pearlite grain area and their distribution were determined.

Analytical models were developed to describe the influence of insert
thickness and gap length on the pearlite grain area in the microstruc-
ture of the casting near the insert surface and at a distance of 20 mm
from it.

Analysis of the analytical models showed that the most effective in-
fluence of reinforcing inserts on pearlite structure refinement is ob-
served at insert thicknesses of 2.0-2.2 mm and gap lengths at the ‘in-
sert—matrix’ interface of 62—72%.

Calculation results indicate that under optimal reinforcement con-
ditions, refinement of the pearlite structure by a factor of 6 to 14 is
achievable.
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