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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics 
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research  databases.  
The  inclusion  of News  of  NAS  RK.  Series  of  geology  and  technical sciences in the 
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of geology and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы,  техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы  (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы  (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович,  техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич,  геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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Главный редактор
ЖУРИНОВ Мурат Журинович,  доктор химических наук, профессор, академик НАН РК, 

президент Национальной академии наук Республики Казахстан, генеральный директор АО 
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Ученный секретарь
АБСАДЫКОВ Бахыт Нарикбаевич,  доктор технических наук, профессор, ответственный 
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K.T. Sherov1*, A.K. Rakishev2, B.N. Absadykov3, M.R. Sikhimbayev4, 
A. Esirkepov1

1S. Seifullin Kazakh Agro Technical University, Astana, Kazakhstan;
2A. Saginov Karaganda Technical University, Karaganda, Kazakhstan;

3A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan; 
4Karaganda Economic University of Kazpotrebsoyuz, Karaganda, Kazakhstan.

E-mail: shkt1965@mail.ru

EXPERIMENTAL STUDY OF CHIP FORMATION DURING ROTARY-
FRICTION TURNING OF PARTS TYPE OF ROTATION BODIES 

FROM VARIOUS MATERIALS

Abstract. In the conditions of repair and mechanical production of chemical, 
oil, geological exploration and other sectors of the national economy of the 
Republic of Kazakhstan, there is a problem of improving the quality indicators 
and productivity of cutting in the manufacture of parts of bodies of revolution 
from various materials. The authors investigated the method of rotational friction 
turning of external cylindrical surfaces using a special cutting tool - a friction 
cup cutter.

For processing by rotational friction turning, samples were prepared - blanks 
of various diameters and materials: steel 45, steel 20X, brass L63 and bronze 
BrAMts9-2. The workpiece samples were processed on 1K62 and JET GH-
1640ZX screw-cutting lathes.

As a result of processing by rotational friction turning, various forms of chips 
were obtained. When processing steel 20X, two types of chips were obtained: 
fracture chips and shearing chips. When processing steel 45, drain chips of 
various lengths were obtained.

On the basis of metallographic studies of chip formation and the nature of the 
distribution of deformations in the chip formation zone, it was established that 
plastic deformation during rotational friction turning obeys the laws of traditional 
cutting. When machining non-ferrous metals, you can control the shape and 
size of the chips formed. The results obtained showed the wide technological 
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possibilities of the developed resource-saving method of rotational-frictional 
turning of parts of bodies of revolution.

Key words. Rotational-friction turning, chip formation, cup cutter, build-up, 
angle of tool setting, deformation, shear plane.

К.Т. Шеров1*, А.К. Ракишев2, Б.Н. Абсадыков3, М.Р. Сихимбаев4,
А. Есиркепов1

1С. Сейфуллин атындағы Қазақ агротехникалық университеті, 
Астана, Қазақстан;

2А. Сағынов атындағы Қарағанды техникалық университеті, 
Қарағанды, Қазақстан;

3Ә.Б. Бектұров атындағы химия ғылымдары институты, 
Алматы, Қазақстан;

4Қазтұтынуодағы Қарағанды экономикалық университеті, 
Қарағанды, Қазақстан.

E-mail: shkt1965@mail.ru

ӘРТҮРЛІ МАТЕРИАЛДАРДАН ЖАСАЛҒАН АЙНАЛУ ДЕНЕЛЕРІ 
ТИПТЕС ТЕТІКТЕРДІ РОТАЦИЯЛЫҚ-ФРИКЦИЯЛЫҚ ЖОНУ 

КЕЗІНДЕ ЖОҢҚАЛАРДЫҢ ТҮЗІЛУІН ЭКСПЕРИМЕНТТІК 
ЗЕРТТЕУ

Аннотация. Қазақстан Республикасының химия, мұнай, геологиялық 
барлау және басқа да халық шаруашылығы салаларының механикалық-
жөндеу өндірістері жағдайында, әртүрлі материалдардан жасалған айналушы 
дене тетіктерін даярлау кезінде, кесумен өңдеу сапа көрсеткіштерін және 
өнімділігін арттыру мәселесі орын алып отыр. Авторлар арнайы кесу 
құралы –фрикциялық табақшалы кескішті қолдана отырып, сыртқы 
цилиндрлік беттерді ротациялық-фрикциялық жону әдісін зерттеді. 
Ротациялық-фрикциялық жону арқылы өңдеу үшін әртүрлі диаметрлер 
мен материалдардан жасалған дайындама үлгілері дайындалды: болат 45, 
болат 20X, жез L63 және қола БрАМц9-2. Дайындама үлгілерін өңдеу 1K62 
және JET GH-1640ZX бұранда кесуші білдектерде жүргізілді. Ротациялық-
фрикциялық жону арқылы өңдеу нәтижесінде жоңқаның әртүрлі формалары 
алынды. Болат 20X материалын өңдеу кезінде жоңқаның екі түрі алынды: 
сынық жоңқа және омырылу жоңқасы. Болат 45 материалын өңдеу 
кезінде әртүрлі ұзындықтағы иірмелі жоңқалар алынды. Жоңқалардың 
пайда болуын металлографиялық зерттеулер мен жоңқалардың пайда 
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болу аймағындағы деформациялардың таралу сипатына сүйене отырып, 
ротациялық-фрикциялық жону кезіндегі пластикалық деформация 
дәстүрлі кесу заңдылықтарына бағынады, сонымен қатар қайталама 
пластикалық деформациялар аймағының көлемін едәуір төмендететіндігі 
анықталды. Түсті металдарды өңдеу кезінде құралды орнату бұрышының 
оңтайлы мәнін және кесу режимдерін таңдау нәтижесінде пайда болған 
жоңқаның пішіні мен мөлшерін басқаруға болатындығы анықталды. 
Кесу режимдерінің оңтайлы мәндерін және құралды орнату бұрышын 
таңдағанда, пластикалық деформация негізінен «құрал-дайындама» түйісу 
қабатында жүретіні анықталды және бұл ротациялық-фрикциялық жону 
тәсілін жүзеге асырудағы негізгі ұтымдылығы болып табылады. Алынған 
нәтижелер ротациялық-фрикциялық жону тәсілінің үнемшіл және кең 
технологиялық мүмкіндікке ие екенін көрсетті.

Түйін сөздер: ротациялық-фрикциялық жону, жоңқа қалыптасуы, 
табақшалы кескіш, өсімше, құралды орнату бұрышы, деформация, ығысу 
жазығы.
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ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ 
СТРУЖКООБРАЗОВАНИЯ ПРИ РОТАЦИОННО-ФРИКЦИОННОМ 

ТОЧЕНИИ ДЕТАЛЕЙ ТИПА ТЕЛ ВРАЩЕНИЯ ИЗ РАЗЛИЧНЫХ 
МАТЕРИАЛОВ

Аннотация. В условиях ремонтно-механических производств 
химической, нефтяной, геологоразведочной и других отраслей народного 
хозяйства Республики Казахстан существует проблема повышения 
качественных показателей и производительности обработки резанием 
при изготовлении деталей тел вращения из различных материалов. 
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Авторами исследован способ ротационно-фрикционного точения 
наружных цилиндрических поверхностей с использованием специального 
режущего инструмента – фрикционного чашечного резца. Для обработки 
ротационно-фрикционным точением были подготовлены образцы – 
заготовки из различных диаметров и материала: сталь 45, сталь 20Х, латунь 
Л63 и бронза БрАМц9-2. Обработка образцов-заготовок производилась 
на токарно-винторезных станках 1К62 и JET GH-1640ZX. В результате 
обработки ротационно-фрикционным точением были получены различные 
формы стружек. При обработке стали 20Х получено два вида стружки: 
стружка надлома и скалывания. При обработке стали 45 получили сливные 
стружки различной длины. На основе металлографических исследований 
стружкообразования и характера распределения деформаций в зоне 
стружкообразования установлено, что пластическое деформирование 
при ротационно-фрикционном точении подчиняется закономерностям 
традиционного резания, а также самовращение ротационно-фрикционного 
инструмента, значительно уменьшающее размеры области вторичных 
пластических деформаций, не исключает наростообразования. Также было 
установлено, что при обработке цветных металлов подбором оптимального 
значения угла установки инструмента и режимов резания можно управлять 
формой и размерами образуемой стружки. Установлено, что при выборе 
оптимальных значений режимов резания и угла установки инструмента 
пластическая деформация протекает в основном в контактном слое 
«инструмент-заготовка», что является основным эффектом реализации 
способа ротационно-фрикционного точения. Полученные результаты 
показали широкие технологические возможности разрабатываемого 
ресурсосберегающего способа ротационно-фрикционного точения деталей 
тел вращения.

Ключевые слова: ротационно-фрикционное точение, 
стружкообразование, чашечный резец, нарост, угол установки инструмента, 
деформация, плоскость сдвига. 

Introduction. The problems of increasing the quality indexes and the 
productivity of cutting processing increase due to the use in modern production 
of automated process equipment with a higher precision of operation and, 
accordingly, with high precision of manufacturing their parts. Especially this 
problem is shown in the manufacture of parts of bodies of revolution in the 
conditions of modern engineering of the Republic of Kazakhstan. 

The authors studied the method of rotational-friction turning of external 
cylindrical surfaces using a special cutting tool-a friction cup cutter (Sherov, 
et al., 2020 a:9, Sherov, et al., 2017 b:14, Khodzhibergenov, et al., 2015 a:3, 
Sherov, et al., 2020 c:4, Dudak et al., 2020 a:12). 
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It is known that a large reserve of increasing the productivity of the process, 
improving the quality of the treated surfaces is embedded in the methods of 
rotary cutting, in which the cutting tools use cup cutters rotating in the process 
of cutting around their axes. 

The principal feature of rotary cutting is laid in the sharp decrease in the sliding 
speeds of the working surfaces of the tool relative to the machining material 
without reducing the speed of the relative movement of the tool and workpiece 
by replacing the sliding friction in the contact zones with the rolling friction 
(Konovalov, et al., 1972:272, Gik, 1990:254, Yashcheritsyn, et al., 1987:229, 
Balgabekov, et al., 2014 a:4, Dudak et al., 2020 b:8). 

However, this method has not found wide application in production because 
of the high cost of manufacturing a cup cutter, which is made entirely of tool 
materials (high-speed steels, hard alloys). And also when it is chipped or worn, 
it is necessary to replace or re-sharpen the cup cutter. The re-sharpening of the 
cup cutter is a labor-intensive process, as its manufacture. The main difference 
between the developed method of rotational-friction turning of external 
cylindrical surfaces is the use of a special rotational-friction cup cutter made of 
non-instrumental material. When developing new cutting methods, the study and 
investigation of the process of chip formation has both scientific-theoretical and 
practical significance. 

Moreover, the cutting process is a set of extremely complex phenomena 
that depend on the physico-mechanical properties of machined material, which 
is accompanied by plastic and elastic deformations, destruction, friction and 
heat release (Nasad, et al., 2019 a:7, Zubkov, 2003:6, Petrushin, 2014:307, 
Kurmangaliyev, et al., 2018:8, Rakhimov, et al., 2021:9). More than 90% of the 
force and cutting work is expended on the chip formation process, respectively, 
most of the heat released during chip formation (Bobrov, et al., 1980:3, Kadyrov, 
et al., 2021 a:9, Nasad, et al., 2019 b:4, Togizbayeva, et al., 2020:9). 

This process depends on the thermal regime and contact loads on the working 
surfaces of the tool, hence the intensity and nature of their wear (Grigoriev, 
2009:368, Gurevich, 1980:3, Loladze, 1982:320, Mukanov, et al., 2019:4). 

There are the quality of the surface layer and the accuracy of the workpiece 
in direct connection with the chip formation process. Thus, almost all the 
characteristics of the cutting process and its practical results depend on the 
chip-forming process. The flow of this process is mainly determined by the 
deformed state of the chip formation zone (Khodzhibergenov, et al., 2019 b:4, 
Zhunusbekova, et al., 2016:4, Ganyukov, et al., 2018:12, Balgabekov, et al., 
2014 b:3, Balgabekov, et al., 2013 c:3).

In connection with the foregoing, the work aimed at investigating the 
mechanism of chip formation, the deformed state of the processed material and 
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the cut layer, as well as the regularities and phenomena occurring in the process 
of rotational-friction turning, is an actual task.

Research materials and methods. The tasks set in the work were solved by 
experimental and theoretical methods. In theoretical studies, the main provisions 
of the theory of material cutting, the theory of plasticity and elasticity, the theory 
of chip formation, the technology of metals and materials science are applied. In 
the experimental studies the metallographic method of investigation is applied. 

The processing of samples by rotational-frictional turning was performed on 
a lathe with the use of rotational friction cup cutters of various diameters and 
made of various non-instrumental materials. Figure 1 shows the constructions of 
the applied rotational-friction tools.

 

The authors studied the method of rotational-friction turning of external cylindrical surfaces using a 
special cutting tool-a friction cup cutter (Sherov, et al., 2020 a:9, Sherov, et al., 2017 b:14, 
Khodzhibergenov, et al., 2015 a:3, Sherov, et al., 2020 c:4, Dudak et al., 2020 a:12).

It is known that a large reserve of increasing the productivity of the process, improving the quality of 
the treated surfaces is embedded in the methods of rotary cutting, in which the cutting tools use cup cutters 
rotating in the process of cutting around their axes.

The principal feature of rotary cutting is laid in the sharp decrease in the sliding speeds of the 
working surfaces of the tool relative to the machining material without reducing the speed of the relative 
movement of the tool and workpiece by replacing the sliding friction in the contact zones with the rolling 
friction (Konovalov, et al., 1972:272, Gik, 1990:254, Yashcheritsyn, et al., 1987:229, Balgabekov, et al.,
2014 a:4, Dudak et al., 2020 b:8).

However, this method has not found wide application in production because of the high cost of 
manufacturing a cup cutter, which is made entirely of tool materials (high-speed steels, hard alloys). And 
also when it is chipped or worn, it is necessary to replace or re-sharpen the cup cutter. The re-sharpening of 
the cup cutter is a labor-intensive process, as its manufacture. The main difference between the developed 
method of rotational-friction turning of external cylindrical surfaces is the use of a special rotational-friction 
cup cutter made of non-instrumental material. When developing new cutting methods, the study and 
investigation of the process of chip formation has both scientific-theoretical and practical significance.

Moreover, the cutting process is a set of extremely complex phenomena that depend on the physico-
mechanical properties of machined material, which is accompanied by plastic and elastic deformations, 
destruction, friction and heat release (Nasad, et al., 2019 a:7, Zubkov, 2003:6, Petrushin, 2014:307, 
Kurmangaliyev, et al., 2018:8, Rakhimov, et al., 2021:9). More than 90% of the force and cutting work is 
expended on the chip formation process, respectively, most of the heat released during chip formation
(Bobrov, et al., 1980:3, Kadyrov, et al., 2021 a:9, Nasad, et al., 2019 b:4, Togizbayeva, et al., 2020:9).

This process depends on the thermal regime and contact loads on the working surfaces of the tool, 
hence the intensity and nature of their wear (Grigoriev, 2009:368, Gurevich, 1980:3, Loladze, 1982:320, 
Mukanov, et al., 2019:4).

There are the quality of the surface layer and the accuracy of the workpiece in direct connection with 
the chip formation process. Thus, almost all the characteristics of the cutting process and its practical results 
depend on the chip-forming process. The flow of this process is mainly determined by the deformed state of 
the chip formation zone (Khodzhibergenov, et al., 2019 b:4, Zhunusbekova, et al., 2016:4, Ganyukov, et al.,
2018:12, Balgabekov, et al., 2014 b:3, Balgabekov, et al., 2013 c:3).

In connection with the foregoing, the work aimed at investigating the mechanism of chip formation, 
the deformed state of the processed material and the cut layer, as well as the regularities and phenomena 
occurring in the process of rotational-friction turning, is an actual task.

Research materials and methods. The tasks set in the work were solved by experimental and 
theoretical methods. In theoretical studies, the main provisions of the theory of material cutting, the theory of 
plasticity and elasticity, the theory of chip formation, the technology of metals and materials science are 
applied. In the experimental studies the metallographic method of investigation is applied.

The processing of samples by rotational-frictional turning was performed on a lathe with the use of 
rotational friction cup cutters of various diameters and made of various non-instrumental materials. Figure 1 
shows the constructions of the applied rotational-friction tools.

а) b) c) d) e)
а – cup cutter made of HARDOX steel; b - cup cutter made of 65Г; c,e - cup cutter made of 20X; d - cup cutter made of DI40

(Ductile iron)

Figure 1. Constructions of applied rotational-friction tools

Results. For the treatment by rotational-frictional turning, specimens were prepared - workpieces
from various diameters and material: сталь 45, steel 20Х, brass L63 and bronze BrAMts9-2. Processing of 

а – cup cutter made of HARDOX steel; b - cup cutter made of 65Г; c,e - cup cutter made of 
20X; d - cup cutter made of DI40 (Ductile iron)

Figure 1. Constructions of applied rotational-friction tools

Results. For the treatment by rotational-frictional turning, specimens were 
prepared - workpieces from various diameters and material: сталь 45, steel 20Х, 
brass L63 and bronze BrAMts9-2. Processing of samples- workpiece was made 
on cutting lathes 1K62 and JET GH-1640ZX. Figure 2 shows photographs of the 
process of rotational-friction turning. 
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samples- workpiece was made on cutting lathes 1K62 and JET GH-1640ZX. Figure 2 shows photographs of 
the process of rotational-friction turning.

a) b) c) d) e)

f) g) k) l) m)
а, b – steel processing 20Х, Ø120 mm; c – steel processing 45, Ø180 mm; d,e,f - steel processing 45, Ø240 mm; g - brass processing 

process L63; k,l,m - bronze processing process BrAMts9-2; βs.a – tool setting angle

Figure 2. Photographs of the process of rotational-friction turning

When machining by rotational-frictional turning, the cutting regimes varied: nsp = 265÷1800 rpm;
ntool=217÷1473 rpm; βs.a =250; S=0,038÷2.3 mm/rev; t=1÷2 mm; βs.a = 50÷350. Figure 3 shows photographs 
of chips obtained with different rotational-friction turning modes of steel 20Х and steel 45. 

а) b) c) d) e)

f) g) k) l) m)

n) p) s) t) v)
а, b – chips obtained in processing steel 20Х, Ø120 mm; c,d,e - chips obtained in processing steel 45, Ø240 mm; f,g,k,l,m - chips 

obtained in processing brass L63; n,p,s,t,v - chips obtained in processing bronze BrAMts9-2

Figure 3. Photographs of chips obtained with different rotational-friction turning modes of various materials

As a result of the rotational-frictional treatment, various forms of chips were obtained. When 
machining with different cutting modes and the angles of tool placement, the process of chip formation is of 
a different nature and a different type of chips are obtained. When processing steel 20X, two types of chips 
were obtained: chips of the fracture (fig. 3а) и shearing (fig. 3b). Fracture chips were formed during the 
processing of steel 20Х (fig. 2b) and the treated surface was rough. This is due to the fact that during the 
cutting process, sufficient conditions were not created for the appearance of plastic deformation and the 
surface layer was pulled out by the cutting part of the tool. Shearing chips were formed during the processing
of steel 20Х (fig. 2а) and the treated surface turned out to be less rough, and also this kind of chips is 
inherent in alloyed steels. When processing steel 45 (fig. 2 c,d,e) obtained continuous chips of different 
lengths. The largest and longest continuous chip (fig. 3d) was obtained by processing steel 45 (fig. 2d) by 
tool installed at an angle βу = 200. The results show that with properly selected cutting modes and in 
particular the correct selection of the tool mounting angle, it is possible to provide the necessary condition 
for the cutting process to be performed in the rotational friction turning. The metallographic study of the 

а, b – steel processing 20Х, Ø120 mm; c – steel processing 45, Ø180 mm; d,e,f - steel 
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As a result of the rotational-frictional treatment, various forms of chips were obtained. When 
machining with different cutting modes and the angles of tool placement, the process of chip formation is of 
a different nature and a different type of chips are obtained. When processing steel 20X, two types of chips 
were obtained: chips of the fracture (fig. 3а) и shearing (fig. 3b). Fracture chips were formed during the 
processing of steel 20Х (fig. 2b) and the treated surface was rough. This is due to the fact that during the 
cutting process, sufficient conditions were not created for the appearance of plastic deformation and the 
surface layer was pulled out by the cutting part of the tool. Shearing chips were formed during the processing
of steel 20Х (fig. 2а) and the treated surface turned out to be less rough, and also this kind of chips is 
inherent in alloyed steels. When processing steel 45 (fig. 2 c,d,e) obtained continuous chips of different 
lengths. The largest and longest continuous chip (fig. 3d) was obtained by processing steel 45 (fig. 2d) by 
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As a result of the rotational-frictional treatment, various forms of chips were 
obtained. When machining with different cutting modes and the angles of tool 
placement, the process of chip formation is of a different nature and a different 
type of chips are obtained. When processing steel 20X, two types of chips were 
obtained: chips of the fracture (fig. 3а) и shearing (fig. 3b). Fracture chips were 
formed during the processing of steel 20Х (fig. 2b) and the treated surface was 
rough. This is due to the fact that during the cutting process, sufficient conditions 
were not created for the appearance of plastic deformation and the surface layer 
was pulled out by the cutting part of the tool. Shearing chips were formed during 
the processing of steel 20Х (fig. 2а) and the treated surface turned out to be less 
rough, and also this kind of chips is inherent in alloyed steels. When processing 
steel 45 (fig. 2 c,d,e) obtained continuous chips of different lengths. The largest 
and longest continuous chip (fig. 3d) was obtained by processing steel 45 (fig. 
2d) by tool installed at an angle βу = 200. The results show that with properly 
selected cutting modes and in particular the correct selection of the tool mounting 
angle, it is possible to provide the necessary condition for the cutting process 
to be performed in the rotational friction turning. The metallographic study of 
the obtained chips was carried out using the equipment of the laboratory of the 
“International Material Science Center” of Karaganda Technical University. 
Figure 4 shows micrographs of chips obtained with the help of the universal 
metallographic microscope Altami MET 5T.

obtained chips was carried out using the equipment of the laboratory of the "International Material Science 
Center" of Karaganda Technical University. Figure 4 shows micrographs of chips obtained with the help of 
the universal metallographic microscope Altami MET 5T.
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а,b,c – micrographs of chips shown in fig. а; d,e,f – micrographs of chips shown in fig.4b; g,k – micrographs of chips shown in 

fig.4c; l,m – micrographs of chips shown in fig.4d; n,o,p,q,r,s – micrographs of chips of brass L63; t,w,x,z - micrographs of chips of 
bronze BrAMts9-2; 1-build-up

Figure 4. Microphotographs of chips obtained with the help of the universal metallographic microscope Altami MET 5T

Discussion. On these microphotographs, with an increase in x50, the growths are clearly visible
(fig.4 а,c,c,g,l,m). Studies have shown that at first small growths are formed, the number of which sharply 
fluctuates, rapidly increase in size and turn into a large growth. The increase in the size of the o build-ups 
and their transformation into a large growth is associated with the conditions of friction on the front surface 
of the tool. The formation of growths in the process of rotational-frictional turning can be explained by a 
decrease in the frictional force. Since the traditional method of rotary cutting involves replacing sliding 
friction in contact zones with rolling friction, which helps reduce the frictional force in the tool-workpiece 
contact. This situation is contrary to the cutting mechanism of the proposed method. For cutting and stopping 
the build-up, it is necessary that the chip material, which is near the point of contact with the tool and which 
is the raw material for the build-up, softens, becomes very plastic. This can be achieved by increasing the 
degree of deformation of the contacting chip layer with the tool, thereby increasing the amount of heat 
released due to plastic deformation and cutting temperature. And also by increasing the frictional force in the 
tool-workpiece contact by selecting the optimum values for the tool setting angle and the cutting modes. The 
results of the study showed that with increasing cutting and feeding speeds, the build-up size decreases or 
disappears altogether. In this case, the rational value of the tool setting angle is determined βs.a = 200.
Metallographic studies showed uneven deformation of chips along their length (fig.4), i.е. The process of 
chip formation occurs from the moment of formation of the shear plane, therefore the deformations of 
elementary volumes of chips located at this plane are approximately the same. The exception is the areas 
located in the immediate vicinity of the cutting edge, but their value is small. Therefore, in the first 
approximation, we can assume that the deformation temperature and the strain energy are distributed 
uniformly on both sides of the shear plane. Rotation of the rotational-friction tool promotes an insignificant 
increase in the angle of shear, lying within the range of 3°-6°, depending on the value of the angle of 
installation of the tool. It is characteristic that the intensification of the localization of deformations is 
accompanied by a disturbance in the stability of the process by vibrations, one of the reasons for which is the 
unevenness of the rotation of the rotational-friction tool. When processing non-ferrous metals, an increase in 
the speed of rotational-friction turning can lead to a greater chip breaking (fig. 4 r,s,t), which adversely 
affects the quality of the treated surface. It is established that an increase in the angle of tool placement 
during processing of non-ferrous metals has a favorable effect on the process of cutting and chip formation.
As the shape of the chips increases with the increase in the installation angle, and thus a condition is created 
for the free exit of the chips (without sticking). However, it must be taken into account that an excessive 
increase in the angle of installation can lead to a decrease in the plasticity of copper alloys, which contributes 
in the course of their deformation to the development of advanced micro and macrocracks (fig. 4 o,p,r,t,z). 

а,b,c – micrographs of chips shown in fig. а; d,e,f – micrographs of chips shown in fig.4b; 
g,k – micrographs of chips shown in fig.4c; l,m – micrographs of chips shown in fig.4d; 
n,o,p,q,r,s – micrographs of chips of brass L63; t,w,x,z - micrographs of chips of bronze 

BrAMts9-2; 1-build-up
Figure 4. Microphotographs of chips obtained with the help of the universal metallographic 

microscope Altami MET 5T
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Discussion. On these microphotographs, with an increase in x50, the growths 
are clearly visible (fig.4 а,c,c,g,l,m). Studies have shown that at first small 
growths are formed, the number of which sharply fluctuates, rapidly increase 
in size and turn into a large growth. The increase in the size of the o build-ups 
and their transformation into a large growth is associated with the conditions of 
friction on the front surface of the tool. The formation of growths in the process 
of rotational-frictional turning can be explained by a decrease in the frictional 
force. Since the traditional method of rotary cutting involves replacing sliding 
friction in contact zones with rolling friction, which helps reduce the frictional 
force in the tool-workpiece contact. This situation is contrary to the cutting 
mechanism of the proposed method. For cutting and stopping the build-up, it is 
necessary that the chip material, which is near the point of contact with the tool 
and which is the raw material for the build-up, softens, becomes very plastic. 
This can be achieved by increasing the degree of deformation of the contacting 
chip layer with the tool, thereby increasing the amount of heat released due 
to plastic deformation and cutting temperature. And also by increasing the 
frictional force in the tool-workpiece contact by selecting the optimum values 
for the tool setting angle and the cutting modes. The results of the study showed 
that with increasing cutting and feeding speeds, the build-up size decreases or 
disappears altogether. In this case, the rational value of the tool setting angle 
is determined βs.a = 200. Metallographic studies showed uneven deformation 
of chips along their length (fig.4), i.е. The process of chip formation occurs 
from the moment of formation of the shear plane, therefore the deformations of 
elementary volumes of chips located at this plane are approximately the same. 
The exception is the areas located in the immediate vicinity of the cutting edge, 
but their value is small. Therefore, in the first approximation, we can assume that 
the deformation temperature and the strain energy are distributed uniformly on 
both sides of the shear plane. Rotation of the rotational-friction tool promotes 
an insignificant increase in the angle of shear, lying within the range of 3°-6°, 
depending on the value of the angle of installation of the tool. It is characteristic 
that the intensification of the localization of deformations is accompanied by 
a disturbance in the stability of the process by vibrations, one of the reasons 
for which is the unevenness of the rotation of the rotational-friction tool. When 
processing non-ferrous metals, an increase in the speed of rotational-friction 
turning can lead to a greater chip breaking (fig. 4 r,s,t), which adversely affects 
the quality of the treated surface. It is established that an increase in the angle 
of tool placement during processing of non-ferrous metals has a favorable effect 
on the process of cutting and chip formation. As the shape of the chips increases 
with the increase in the installation angle, and thus a condition is created for the 
free exit of the chips (without sticking). However, it must be taken into account 



315

ISSN 2224-5278                                                                                                    5. 2022

that an excessive increase in the angle of installation can lead to a decrease in the 
plasticity of copper alloys, which contributes in the course of their deformation 
to the development of advanced micro and macrocracks (fig. 4 o,p,r,t,z). Also, 
in the formed chips, cracks were observed (fig. 4 t,x,z) dividing it into deformed 
elements which are firmly bound by a thin and strongly deformed contact layer. 
The formation of such chips is explained by the fact that when choosing the 
optimal values for the cutting conditions and the angle of tool placement, the 
plastic deformation proceeds mainly in the contact layer “tool-workpiece”, 
which is the main effect of the implementation of the rotational-friction turning 
method.

Conclusions. It was found that the self-rotation of a rotational-friction tool, 
which significantly reduces the dimensions of the region of secondary plastic 
deformations, does not exclude the build-up: at low cutting speeds, a small 
build-up can occur near the exit point of the cutting edge from the cutting zone. 
However, with increasing cutting and feeding speeds, the dimensions of the 
build-up diminish or disappear altogether. 

The results of experimental experiments have shown the possibility of 
processing by the method of rotational-friction turning of non-ferrous metals, in 
particular brass L63 and bronze BrAMts9-2. It was experimentally established 
that:

- increasing the feed reduces the cutting process, and reducing the feed reduces 
the processing capacity. Proceeding from this, the optimum cutting regimes were 
determined: for turning brass L63 - n=870 rpm; S=0,152 mm/rev; for turning 
bronze BrAMts9-2 - n=660 rpm; S=0,114 mm/rev;

- when processing non-ferrous metals, selecting the optimal setting angle and 
cutting modes, it is possible to control the shape and size of the formed chips. 
Optimal installation angle for bronze processing BrAMts9-2 defined angel βs.a 
=150, and for the processing of steel 45 and 20Х the rational value of the tool 
setting angle is defined βs.a = 200. 
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