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SPEED DEPENDENCE OF ACOUSTIC VIBRATION PROPAGATION 
FROM THE FERRITIC GRAIN SIZE IN LOW-CARBON STEEL 

Purpose. It is determining the nature of the ferrite grain size influence of low-carbon alloy steel on the speed 
propagation of acoustic vibrations. Methodology. The material for the research served a steel sheet of thickness  
1.4 mm. Steel type H18T1 had a content of chemical elements within grade composition: 0, 12 % C, 17, 5 % Cr, 1 
% Mn, 1, 1 % Ni, 0, 85 % Si, 0, 9 % Ti. The specified steel belongs to the semiferritic class of the accepted classifi-
cation. The structural state of the metal for the study was obtained by cold plastic deformation by rolling at a reduc-
tion in the size range of 20-30 % and subsequent recrystallization annealing at 740 – 750 ° C. Different degrees of 
cold plastic deformation was obtained by pre-selection of the initial strip thickness so that after a desired amount of 
rolling reduction receives the same final thickness. The microstructure was observed under a light microscope, the 
ferrite grain size was determined using a quantitative metallographic technique. The using of X-ray structural analy-
sis techniques allowed determining the level of second-order distortion of the crystal latitude of the ferrite. The 
speed propagation of acoustic vibrations was measured using a special device such as an ISP-12 with a working 
frequency of pulses 1.024 kHz. As the characteristic of strength used the hardness was evaluated by the Brinell’s 
method. Findings. With increasing of ferrite grain size the hardness of the steel is reduced. In the case of constant 
structural state of metal, reducing the size of the ferrite grains is accompanied by a natural increasing of the phase 
distortion. The dependence of the speed propagation of acoustic vibrations up and down the rolling direction of the 
ferrite grain size remained unchanged and reports directly proportional correlation. Originality. On the basis of 
studies to determine the direct impact of the proportional nature of the ferrite grain size on the rate of propagation of 
sound vibrations in the low-carbon alloy steel. The directly proportional nature of influence of ferrite grain size on 
the speed propagation of acoustic vibrations in low-carbon alloy steel on the basis of the conducted researches is 
defined. The paper is shown that at increasing in the size of the recrystallized ferrite grain the degree of influence 
the texture from the previous cold plastic deformation by rolling increases. Practical value. The received results on 
nature determination of influence of ferrite grain size on the speed propagation of acoustic vibrations can be the use-
ful by development of techniques of non-destructive testing of metal materials quality. The special value the speci-
fied technique of measurement acquires in the conditions of line production of metal constructions. 

Key words: hardness index; grain size; ferrite; phase distortion; speed propagation of acoustic vibration 

Introduction 

In modern conditions of the industry development, 
the intensification of production is impossible without 
the development of automated control systems of 
technological processes [1, 10]. 

Based on this, the requirements are quite reasona-
bly increasing on the accuracy and speed evaluation of 
the metallic material properties [2], or the degree de-
fectiveness during the using of the product [9], in 

which is necessary for the timely adjustment of pa-
rameters of technological processes. These automated 
systems in most cases based on the use of non-
destructive methods for determining the properties of 
metals and alloys [6]. The numerical technique for 
modeling the propagation of elastic waves in materials 
received the application [12], methods for measuring 
physical properties of metallic materials, which in-
clude methods of acoustic measurement [13, 14], 
acoustic emission, magnetic [11], and other properties. 
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The state of the question 

To some of the known acoustic methods for as-
sessing the properties of metals and alloys include 
the method of measuring the speed propagation of 
acoustic vibration (V ) [8]. These specifications 
are structure-sensitive value to the internal struc-
ture of the metallic material. By the results of re-
search show the sensitivity of the speed propaga-
tion of acoustic vibration to changes in the strength 
characteristics [13], the structural state of metal 
[14]. On the other hand, for example, carbon steel 
the same level of strength can be achieved by vary-
ing the ratio of morphology and dispersion of par-
ticles of the minor phase, the grain size of the 
metal matrix, the presence of substructure [4] and 
others. Based on this, rather complex overall im-
pact of structural components in multiphase alloys 
magnitude to speed propagation of acoustic vibra-
tion [8] indicates the necessity for continued re-
search. Making a detailed analysis of the nature of 
the expected dependency rate speed propagation of 
acoustic vibration from the characteristics of the 
internal structure of the metal may be useful for the 
development of non-destructive testing methods, 
particularly in the difficult conditions of loading 
system “wheel – rail” of railway transport [7]. 

Purpose 

It is determining the nature of the ferrite grain 
size influence of low-carbon alloy steel on the 
speed propagation of acoustic vibrations. 

Methodology 

The material for the research served a steel 
sheet of thickness 1.4 mm. Steel type H18T1 had a 
content of chemical elements within grade compo-
sition: 0, 12 % C, 17, 5 % Cr, 1 % Mn, 1, 1 % Ni, 
0, 85 % Si, 0, 9 % Ti. The specified steel belongs 
to the semiferritic class on the accepted classifica-
tion. 

The specified steel belongs to the semiferritic 
class on the accepted classification. The structural 
state of the metal for the study was obtained by 
cold plastic deformation by rolling at a reduction in 
the size range of 20-30 % and subsequent recrys-
tallization annealing at 740 – 750 ° C. Different 
degrees of cold plastic deformation was obtained 
by pre-selection of the initial strip thickness so that 
after a desired amount of rolling reduction receives 

the same final thickness. 
The microstructure was observed under a light 

microscope, the ferrite grain size was determined 
using a quantitative metallographic technique. [3]. 
In order to understand the mechanism of ferrite 
grain size influence propagation of acoustic vibra-
tion in the metal determined the parameters of its 
fine crystal structure. The using of X-ray structural 
analysis techniques [5] allowed determining the 
level of second-order distortion of the crystal lati-
tude of the ferrite. 

The speed propagation of acoustic vibrations 
was measured using a special device such as  
an ISP-12 with a working frequency of pulses 
1.024 kHz [8]. As the characteristic of strength 
used the hardness was evaluated by the Brinell’s 
method. [3]. 

Findings and discussion 

During the cold plastic rolling deformation draft 
the increasing of shrinkage accompanied by a steady 
rising in the number of accumulated defects in the 
crystal structure. With further annealing at the ex-
pense of recrystallization processes is the formation 
of homogeneous microstructure of ferrite grain size 
structure ( d ), which are inversely proportional to 
the degree of plastic deformation [4]. 

 
Fig.1. The microstructure of steel H18T1 after cold 

plastic flow by the rolling and annealing at  
a temperature of 750 C. Magnification is 100. 

The magnitude of the grain size varied in the 
range 43-65 µm. The typical microstructure of in-
vestigated steel is shown on Figure 1. Normal dis-
tribution of grains in size is a confirmation of the 
completion process of building recrystallization. 

With increasing ferrite grain size the steel hard-
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ness, like most of the strength characteristics 
[4,15], decreases (Fig.2). The shown dependence is 
well obeys the equation of Hall-Petch type relation 

 
1
2

0HB HB kd
−

= + , (1) 

where 0HB  – the steel hardness at the infinitely 
large ferrite grain size, k  – the angular depend-
ency ratio. From the analysis of the ratio (Fig.2) 
were determined constant of equation (1), which 

amounted to the value 0HB =8 2
kg

mm
, and 

k ≈ 45 1,5
kg

mm
. Comparative analysis of the ob-

tained characteristics with known parameters for 
most steels shows that 0HB  in absolute values ap-
proaching the shear stress of the ferrite crystal lat-
tice, whereas similar magnitude exceeds by more 
than an order of magnitude [4]. Elevated values k  
are likely due to different stress state of the metal. 
Thus, measuring the hardness under the indenter is 
formed volumetric stress state, whereas in most 
studies devoted to the analysis of diagrams of the 
Hall-Petch relation, the tests were carried out in the 
uniaxial stress state at tensile. 

2, kgHB
mm

 

 
 

1
2 ,d

−

 

1
2mm

−

 

Fig.2. The dependence of the steel hardness  
from the ferrite grain size 

Experimental studies determined that under 
certain conditions during heat treatment in the steel 
structure of the specified can remain the volume 

fraction of residual austenite. To assess the possi-
ble influence of austenite on the steel hardness, 
determined the size of the lattice phase distortions 
for ferrit (µ ). The comparative analysis of the 
magnitude µ  of the steel hardness showed the ex-
istence of the directly-proportional ratio between 
them (Fig.3). 

410−µ ⋅  

 
2, kgHB

mm  
Fig.3. Mutual change of size µ  and hardness. 

Given the persistent structural state of metal 
ferrite grain size reduction is accompanied by quite 
natural growth of phase distortions. On this basis, 
it can be assume that for investigated the structural 
state of metal structure in the presence of austenitic 
phase does not lead to violations of the nature of 
ferrite grain size influence to the hardness and 
phase distortions. 

The measurement of the velocity of propaga-
tion of sound vibrations in the metal from the grain 
size (Fig.4) showed the existence of influence the 
texture of cold plastic deformation by rolling. 
From the comparative analysis of the given corre-
lations can determine that the dependence of the 
velocity of sound waves along (Vvp ) and across 
(Vpp ) in the direction from d  remained un-
changed and is accountable directly proportional to 
the ratio: 
 0V V d= + α  (2) 

where 0V  – the constant value and α  – angular 
dependency ratio. 
The influence of texture is reflected not only on the 
absolute values of the speed propagation of acous-
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tic vibrations, but also on the angular change of the 
dependency ratio.

 
, mV

s
 

 
,mkmd  

Fig.4. The dependence of the speed propagation  
acoustic vibrations from the grain size and the rolling 

direction:■ -Vvp  ♦and ♦-Vpp  

Indeed, assessing the sensitivity of the speed 
propagation of acoustic vibrations in the steel prior 
to the change of grain size of ferrite in angular ra-
tio ( )V f d=  (fig. 4), it can be determine that the 
propagation of acoustic vibrations in the direction 
of rolling the magnitude of the sensitivity to 

changes d  ( 1
Vvp
d

∆
α =

∆
) about in 2.5 times ex-

ceeds the similar characteristic to the rolling direc-

tion transversely ( 2
ppV
d

∆
α =

∆
).The result is addi-

tional evidence of the impact of rolling texture on 
the value V  of the tested metal. Although based on 
microstructural studies the influence after rolling 
recrystallization texture is difficult to define 
(fig.1). This is due by formed almost homogeneous 
microstructure of grain structure with no signs of 
forced orientation of the grains. 

Thus, only a negligible impact from parts of the 
texture that is left after recrystallization, can be 
determined by measuring the speed propagation of 
acoustic vibrations. The analysis of experimental 
results confirmed the given situation that the influ-
ence of the remnants of the texture of cold rolling 
and subsequent annealing of increasing ferrite 
grain size is reflected in the change V  to a greater 
extent. 

On the basis of numerous experimental data it 

is known that with increasing degree of cold plastic 
deformation occurs progressive increase in the 
number of centers of nucleation recrystallising 
grains. On this basis, it is quite clear that expecta-
tion of grain refinement of ferrite during annealing. 
On the other hand, by reducing the degree of cold 
plastic deformation significantly increases the like-
lihood of development of processes of polygoniza-
tion subsequent heating [4]. For this reason, after 
an inadequate level of plastic deformation may 
develop processes of polygonization could greatly 
complicate the formation of germ recrystallising 
grains. 

Thus, for the investigated steel the influence of 
texture from preliminary cold plastic deformation 
by rolling with the growth of the grain size must be 
manifested to a greater degree. As shown in the 
diagram it should be considered that the smaller 
degree of plastic deformation is subjected to the 
metal, the larger the grain size will be obtained 
after recrystalization annealing and will be more 
retained by the influence of cold rolling texture. 
For the purpose of determining the absence of the 
influence of the rolling texture you need to use the 
dependencies Vvp  and Vpp  from the ferrite grain 
size (fig.4). Extrapolation of these dependencies in 
the area of small grain size to the point of intersec-
tion (whenVvp ≈ Vpp ) allows you to define the 
grain size, below which it should expect from the 
lack of influence of the rolling texture. The ferrite 
grain size has roughly equal 30-33mkm. Thus, to 
achieve almost complete absence of anisotropy 
properties after recrystallization annealing before 
cold-rolled is necessary to increase the degree of 
cogging. In this case, the processes of recrystalliza-
tion will occur more fully and, as a consequence, 
there will be a more short-grain structure. To jus-
tify the submitted proposals were used constructed 
value correlation Vvp  and Vpp  from the steel 
hardness (fig.5). Implementation of extrapolation 
in areas of high hardness values just as it was done 
for according to the ferrite grain size (Fig.4), the 
moment when Vvp ≈ Vpp  metal hardness value 

should be at level 190-195 2
kg

mm
. If apply specified 

hardness value deducted for experimental depend-
ence HB  from grain size (fig.2), 

2, kgHB
mm
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310 mV

s
×  

Fig.5. The correlation of the steel hardness  
and the propagation velocity of sound vibrations 

(Vvp -1, Vpp -2). 

get 
1
2d

−
≈ 5,8 mm

1
2

−
, that actually corresponds 30-

33mkm. A similar grain size values obtained from 
the analysis of dependencies which are shown on 
figure 4. 

Thus, in terms of the engineering industry ap-
plications of the measuring method of speed 
propagation of acoustic vibrations will allow to 
evaluate the degree of anisotropy of the properties 
of metallic materials, without costly testing the 
mechanical properties. 

Originality and practical value 

1. On the basis of research defined directly 
proportional to the impact of ferrite grain size on 
the propagation of acoustic vibrations in the low-
carbon alloy steel. 

2. It is shown that at increasing in size of re-
crystallising ferrite grain, the degree of texture in-
fluence from preliminary cold plastic deformation 
by rolling is grown up. 

The results obtained by the determination of the 
ferrite grain size influence on the speed propaga-
tion of acoustic vibrations may be useful in the 
development of methods of nondestructive testing 
of metallic materials. The particular value is the 
specified method of measurement of gains in the 
ongoing manufacture of metal structures. 

Conclusions 

1. Analysis of the hardness dependence of steel 
from the ferrite grain size showed that the hardness 

component, which determines the state of a solid 
solution substantially equal to the shear stress of 
the crystal lattice of the ferrite. 

2. The angular dependency ratio of steel hard-
ness from the ferrite grain size is determined by the 
influence of the remnants of the rolling texture af-
ter annealing recristalization. 

3. Shredding ferrite grain lowers the effect tex-
tures of rolling low carbon alloy steel after recrys-
tallization annealing. 
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ЗАЛЕЖНІСТЬ ШВИДКОСТІ РОЗПОВСЮДЖЕННЯ  
ЗВУКОВИХ КОЛИВАНЬ ВІД РОЗМІРУ ЗЕРНА ФЕРИТУ  
В НИЗЬКОВУГЛЕЦЕВІЙ СТАЛІ 

Мета. Робота спрямована на визначення характеру впливу розміру зерна фериту низьковуглецевої лего-
ваної сталі на швидкість розповсюдження звукових коливань. Методика. Матеріалом для досліджень була 
обрана листова сталь товщиною 1,4 мм. Сталь типу Х18Т1 мала вміст хімічних елементів у межах марочно-
го складу: 0,12 % С, 17,5 % Cr, 1 % Mn, 1,1 % Ni, 0,85 % Si, 0,9 % Ti. За прийнятою класифікацією вказана 
сталь відноситься до напівферитного класу. Структурний стан металу для дослідження отримували в ре-
зультаті холодної пластичної деформації прокаткою на величину обтискування в інтервалі 20–30 %  
і подальшого рекристалізаційного відпалу при температурах 740–750 °С. Різний ступінь холодної пластич-
ної деформації отримували (завдяки попередньому підбору похідної товщини прокату) таким чином, щоб 
після прокатки на потрібну величину обтискування отримати однакову кінцеву товщину. Мікроструктуру 
досліджували під світловим мікроскопом, розмір зерна фериту визначали, використовуючи методики кількі-
сної металографії. Застосування методик рентгенівського структурного аналізу дозволило визначити рівень 
викривлень кристалічної решітки другого роду фериту. Швидкість розповсюдження звукових коливань  
вимірювали спеціальним приладом типу ІСП-12 із робочою частотою проходження імпульсів 1,024 кГц.  
В якості характеристики міцності використовували твердість, яку оцінювали за методом Брінеля.  
Результати. При збільшенні розміру зерна фериту твердість сталі знижується. Приведена залежність підпо-
рядковується рівнянню типу Хола-Петча. За умов незмінного структурного стану металу зменшення розміру 
зерна фериту супроводжується закономірним зростанням викривлень другого роду. Характер залежності 
швидкості розповсюдження звукових коливань уздовж й упоперек напрямку прокатки від розміру зерна  
фериту залишається незмінним та підпорядковується прямо пропорційному співвідношенню.  
Наукова новизна. На основі проведених досліджень визначений прямо пропорційний характер впливу роз-
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міру зерна фериту на швидкість розповсюдження звукових коливань у низьковуглецевій легованій сталі.  
В роботі показано, що при зростанні розміру рекристалізованого зерна фериту ступінь впливу текстури від 
попередньої холодної пластичної деформації прокаткою збільшується. Практична значимість. Отримані 
результати з визначення характеру впливу розміру зерна фериту на швидкість розповсюдження звукових 
коливань можуть бути корисними при розробці методик неруйнівного контролю якості металевих матеріа-
лів. Особливого значення вказана методика вимірювання набуває в умовах поточного виготовлення метале-
вих конструкцій. 

Ключові слова: твердість; розмір зерна; ферит; викривлення другого роду; швидкість розповсюдження 
звукових коливань 
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ЗАВИСИМОСТЬ СКОРОСТИ РАСПРОСТРАНЕНИЯ  
ЗВУКОВЫХ КОЛЕБАНИЙ ОТ РАЗМЕРА ЗЕРНА ФЕРРИТА  
В НИЗКОУГЛЕРОДИСТОЙ СТАЛИ 

Цель. Работа направлена на определение характера влияния размера зерна феррита низкоуглеродистой леги-
рованной стали на скорость распространения звуковых колебаний. Методика. Материалом для исследований 
служила листовая сталь толщиной 1,4 мм. Сталь типа Х18Т1 имела содержание химических элементов  
в пределах марочного состава: 0,12 % С, 17,5 % Cr, 1 % Mn, 1,1 % Ni, 0,85 % Si, 0,9% Ti. Указанная сталь отно-
сится к полуферритному классу по принятой классификации. Структурное состояние металла для исследования 
получали в результате холодной пластической деформации прокаткой на величину обжатия в интервале  
20—30 % и последующего рекристаллизационного отжига при температурах 740–750 °С. Различную степень 
холодной пластической деформации получали (благодаря предварительному подбору исходной толщины прока-
та) таким образом, чтобы после прокатки на требуемую величину обжатия получалась одинаковая конечная тол-
щина. Микроструктуру исследовали под световым микроскопом, размер зерна феррита определяли, используя 
методики количественной металлографии. Применение методик рентгеновского структурного анализа позволило 
определить уровень искажений второго рода кристаллической решетки феррита. Скорость распространения зву-
ковых колебаний измеряли специальным прибором типа ИСП-12 с рабочей частотой прохождения импульсов 
1,024 кГц. В качестве характеристики прочности использовали твердость, которую оценивали по методу Брине-
ля. Результаты. При увеличении размера зерна феррита твердость стали снижается. Приведенная зависимость 
подчиняется уравнению типа Холла-Петча. В случае неизменного структурного состояния металла уменьшение 
размера зерна феррита сопровождается закономерным ростом искажений второго рода. Характер зависимости 
скорости распространения звуковых колебаний вдоль и поперек направления прокатки от размера зерна феррита 
остается неизменным и подчиняется прямопропорциональному соотношению. Научная новизна. На основе 
проведенных исследований определен прямопропорциональный характер влияния размера зерна феррита на ско-
рость распространения звуковых колебаний в низкоуглеродистой легированной стали. В работе показано, что 
при увеличении размера рекристаллизованного зерна феррита степень влияния текстуры от предыдущей холод-
ной пластической деформации прокаткой возрастает. Практическая значимость. Полученные результаты по 
определению характера влияния размера зерна феррита на скорость распространения звуковых колебаний могут 
быть полезными при разработке методик неразрушающего контроля качества металлических материалов. Осо-
бенное значение указанная методика измерения приобретает в условиях поточного производства металлических 
конструкций. 

Ключевые слова: твердость; размер зерна; феррит; искажение второго рода; скорость распространения звуко-
вых колебаний 
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