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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 академиясы» РҚБ-нің 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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АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геологомине ра ло-
гических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии им. 
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ЖОЛТАЕВ Герой Жолтаевич, (заместитель главного редактора), доктор геологоминерало-
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ЗЕЛЬТМАН Реймар, Ph.D, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
(Нанси, Франция) Н=15

ШЕН Пин, Ph.D, заместитель директора Комитета по горной геологии Китайского геологического 
общества, член Американской ассоциации экономических геологов (Пекин, Китай) H = 25

ФИШЕР Аксель, ассоциированный профессор, Ph.D, технический университет Дрезден 
(Дрезден, Берлин) H = 6

КОНТОРОВИЧ Алексей Эмильевич, доктор геолого-минералогических наук, профессор, 
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EVALUATION OF TECHNIQUES FOR DETERMINING THE LOADING OF A 
CYCLOIDAL SATELLITE ROLLING BEARING

Efremenkov Egor Alekseevich — PhD, Associate Professor, National Research Tomsk Polytechnic University, 
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Abstract. Relevance. In the mining industry there is a need for small-sized winch-
es, gearboxes, slewing mechanisms and various motion drives that transmit high torques 
and can provide high transmission ratios. These are mechanisms based on gears with inter-
mediate rolling bodies (IRB) and, in particular, a gear with intermediate rolling bodies and 
free cage (IRBFC). The most heavily loaded unit of IRB gears is the rolling bearing of the 
cycloidal satellite located on the generator. In its own way, this bearing is a bearing. For the 
correct selection of such a bearing, it is necessary to determine the resultant force acting on 
the rolling bearing of the cycloidal satellite. No methods for determining this force have 
been found in the public domain. Objective. Determination and evaluation of techniques 
for determining the loading of the rolling support of a cycloidal satellite. Methods. Vector 
decomposition and reduced force methods were used to achieve the objective. Results and 
Conclusions. Two methods for determining the force on the rolling support of a cycloi-
dal satellite are presented: the method of vector decomposition and the method of reduced 
force. According to the derived methods the calculations were performed and the results 
were obtained. The analysis of the obtained results according to which the error of calcu-
lations of both methods is 6,5 % is carried out. Therefore, the convergence of the results is 
proved. The calculation using the vector decomposition method can be recommended for 
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use for verification calculation, since the resulting force acting on the rolling support and is 
obtained by this method is the largest from the two methods. Therefore, it will ensure the 
reliability of the selected bearing. The method of the leading force can be recommended as a 
method for preliminary (design) calculation, since its implementation requires less time and 
gives an acceptable result for the preliminary selection of the satellite bearing of the gear 
with intermediate rolling elements and free cage.

Keywords: geo-environment, mining equipment, gearbox, rolling bearing, inter-
mediate rolling bodies, cycloidal satellite, cycloidal profile, mechanism, cycloid, force
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Аннотация. Өзектілігі. Тау-кен өнеркәсібінде жоғары айналу моменттерін 
беретін және жоғары беріліс қатынасын қамтамасыз ете алатын шағын 
жүкшығырларды, беріліс қораптарын, бұрылу механизмдерін және әртүрлі қозғалыс 
жетектерін пайдалану қажеттілігі туындайды. Бұл аралық домалау элементтері (PTC) 
бар берілістерге негізделген механизмдер, атап айтқанда, аралық домалау элементтері 
және бос ұстағыш (PTKSO). ПТК бар ең көп жүктелген беріліс блогы генераторда 
орналасқан циклоидты спутниктің домалау тірегі болып табылады. Бұл тірек өз түрі 
бойынша мойынтірек болып табылады. Мұндай подшипникті дұрыс таңдау үшін 
циклоидты спутниктің домалау тірегіне әсер ететін алынған күшті анықтау қажет. Бұл 
әрекетті анықтау үшін еркін қол жетімді әдістер жоқ. Мақсат. Циклоидты спутниктің 
домалау тірегінің жүктемесін анықтау әдістерін анықтау және бағалау. Әдістер. Бұл 
мақсатқа жету үшін аналитикалық геометрия, векторлық ыдырау және берілген күш 
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әдістері қолданылды. Нәтижелер мен қорытындылар. Циклоидты спутниктің домалау 
тірегіндегі күшті анықтаудың екі әдісі ұсынылған: векторлық ыдырау әдісі және 
берілген күш әдісі. Ұсынылған әдістер бойынша есептеулер жүргізіліп, нәтижелер 
алынды. Алынған нәтижелерге талдау жүргізілді, оған сәйкес екі әдісті есептеудегі 
қате шамамен 6,5 % құрайды. Демек, нәтижелердің конвергенциясы дәлелденді. Век-
торлық ыдырау әдісін қолданатын есептеуді тексеру есебі үшін пайдалану ұсынылуы 
мүмкін, өйткені осы әдіспен алынған тірекке әсер ететін нәтиже күш екі әдістің ең 
үлкені болып табылады. Сондықтан таңдалған мойынтіректің сенімділігі қамтамасыз 
етіледі. Берілген күш әдісін алдын ала (жобалау) есептеу әдісі ретінде ұсынуға бола-
ды, өйткені оны жүзеге асыру аз уақытты және аралық домалау элементтері мен бос 
торы бар беріліс спутниктік домалау тірегін алдын ала таңдау үшін қолайлы нәтижені 
талап етеді.

Түйін сөздер: геоорта, тау-кен жабдықтары, беріліс қорабы, домалау тірегі, 
аралық домалау элементтері, циклоидты спутник, циклоидты профиль, механизм, 
циклоид, күш
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Аннотация. Актуальность. В горнодобывающей промышленности есть 
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поворота и различных приводов движения, осуществляющих передачу высоких 
крутящих моментов и способных обеспечивать высокие передаточные отношения. 
Такими являются механизмы на базе передач с промежуточными телами качения 
(ПТК), а в частности с промежуточными телами качения и свободной обоймой 
(ПТКСО). Наиболее нагруженным узлом передач с ПТК значится опора качения 
циклоидального сателлита, расположенная на генераторе. В своем роде эта опора 
представляет собой подшипник. Для правильного подбора такого подшипника 
требуется определение результирующего усилия, действующего на опору качения 
циклоидального сателлита. В свободном доступе методик определения этого усилия 
не найдено. Цель. Определение и оценка методик для определения нагружения 
опоры качения циклоидального сателлита. Методы. Для достижения поставленной 
цели использовались методы аналитической геометрии, векторного разложения и 
приведенного усилия. Результаты и выводы. Представлены две методики определения 
усилия на опору качения циклоидального сателлита: метод векторного разложения и 
метод приведенного усилия. По предложенным методикам произведены расчеты и 
получены результаты. Выполнен анализ полученных результатов, согласно которому 
погрешность расчетов обеих методик составляет примерно 6,5 %. Следовательно, 
сходимость результатов доказана. Расчет по методу векторного разложения мож-
но рекомендовать к применению для проверочного расчета, поскольку результиру-
ющее усилие, действующее на опору и полученное по данному методу, является 
наибольшим из двух методов. Следовательно, будет обеспечиваться надежность 
выбранного подшипника. Метод приведенного усилия можно рекомендовать как 
метод для предварительного (проектировочного) расчета, т.к. для его реализации 
требуется меньше времени и приемлемый результат для предварительного подбора 
опоры качения сателлита передачи с промежуточными телами качения и свободной 
обоймой.

Ключевые слова: геосреда, горнодобывающее оборудование, редуктор, опо-
ра качения, промежуточные тела качения, циклоидальный сателлит, циклоидальный 
профиль, механизм, циклоида, усилие

Introduction
Effective and efficient interaction with the geo-environment requires progressive 

methods of labour distribution and modern equipment (Aksenov et al., 2012). Mining indus-
try very closely connects man with the geo-environment. In the eighteenth and nineteenth 
centuries, an industrial revolution took place, which made it possible to begin the transition 
from manual to machine labour, including in the mining industry. An important role was 
played by the emergence of lifting mechanisms, which allowed to significantly increase 
the efficiency of the system, because to lift a load of a certain mass the number of people 
involved was reduced several times. Nowadays winches are used for lifting loads, electro-
mechanical mixers for drilling mud preparation, transport systems with various drives and 
turning mechanisms are used for transporting minerals. All these mechanisms have gear-
boxes implemented using involute or cycloidal gearing (Aksenov et al., 2012; An I-Kan et 
al., 2016; Lustenkov et al., 2021; Sherov et al., 2021).

The involute gearboxes use spur or bevel gears. These gearboxes can be either plan-
etary or classical gearboxes. Classic gearboxes are multi-stage gearboxes with parallel or 
intersecting axes and a single parting plane. These gearboxes have large overall dimensions, 
high mass and low relative load capacity.
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Gearboxes based on cycloidal gearing are mainly performed only with planetary 
arrangement and have increased load capacity in relatively compact overall dimensions 
(Efremenkov et al., 2022). Chain gearboxes with cycloidal gearing are quite widely used 
in industry (Li et al., 2020; Wang et al., 2019; Zhang, et al., 2020; Hsieh et al., 2014; Li et 
al., 2018). But in mechanisms for mining equipment, intermediate rolling element (IRB) 
gearboxes are more often used because of their greater compactness and load capacity com-
pared to chain gearboxes (Aksenov et al., 2012; Pankratov, 1998; Lustenkov et al., 2019; 
Lustenkov, 2010). In general, gears with PTC allow the mechanism to obtain a complex of 
advantages: compactness, high values of the overlap coefficient, a wide range of transmis-
sion ratios, sufficiently high efficiency, and continuity of contact in meshing (Pankratov, 
1998; Lustenkov, et al., 2019; Lustenkov, 2010; Ivkina, et al., 2012; Prudnikov, 2018); Lus-
tenkov, 2020; Mohamad et al., 2022). The most promising of the PTC gears for heavy-duty 
applications is the intermediate rolling element and free cage gear (IRIFG) (Efremenkov et 
al., 2021). This gear, and consequently the mechanisms based on it, has an increased effi-
ciency due to the reduction of sliding friction in the meshing, greater compactness and load 
capacity due to better distribution of loads between the transmission links.

Figure 1 – Scheme of the gear with intermediate rolling elements and free cage (cross section)

The gear with PTCSO (Fig. 1) consists of input shaft 1 with eccentric, cam 2, rolling 
elements 3 located in the cage 5, crown 4 and rolling bearing 6 mounted on the eccentric 
shaft 1 and located under the cam 2. The output link in this transmission, i.e. the link con-
nected to the output shaft of the mechanism, can be either cam 2 or crown 4. These links 
carry the greatest load when the mechanism is operating. As follows from the gear layout 
(Fig. 1), the transmission of forces and energy takes place in the meshing between links 2, 3 
and 4. But the most loaded link is bearing 6 under cam 2, which is a satellite in the consid-
ered transmission. Such a bearing is present in the design of almost all PTC gears and chain 
gears with cycloidal meshing (Hsieh et al., 2014; Lustenkov et al., 2019).

The bearing beneath the satellite cam is the most heavily loaded element of the 
PTCA transmission. Its reliability and proper selection in general determines the reliability 
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and durability of the entire mechanism and this is especially important for mechanisms op-
erating in harsh conditions, such as mining equipment and transport systems used in human 
interaction with the geo-environment.

At present, very little information is found in scientific and methodological works 
on determining the load specifically on the bearing under the satellite of cycloidal gears. 
Various techniques for determining the load on this bearing are considered (Palyanitsina et 
al., 2021; Korshak et al., 2019; Korshak et al., 2020), but there are no recommendations on 
the application of one or the other. Therefore, the evaluation of techniques for determining 
the load capacity of the rolling bearing under the satellite of a transmission with PTCSO is 
relevant.

Thus, the aim of the work is to compare the methods of determining the load ca-
pacity of the cycloidal satellite bearing of the transmission with PTCSO and to formulate 
recommendations on the application of the obtained results.

Materials and equipment
Object of research. The object of the research is a mechanical cycloidal gear with 

PTCSO as the most promising for use in heavy-loaded mechanisms operating in cramped 
conditions of mine space, or with high overloads in the conditions of open-cut mining. In 
particular, the meshing and rolling bearing of the cycloidal satellite as a link subjected to the 
highest loads are considered in the PTCSO gear.

To determine the total force acting on the rolling bearing of a cycloidal satellite, 
we consider two methods: the vector force decomposition method and the reduced force 
method.

The first is the most commonly used and we have adapted it to determine the force 
on the satellite bearing in a PTCSO transmission.

The second method has not been found in the literature and will be discussed in 
detail for the first time, with respect to transmission with PTCSO.

Theoretical Provisions. As described earlier, the forces on the rolling bear-
ing of the cycloidal satellite are derived from the forces in the gear meshing with the 
PTCSO. Thus, it is necessary to first determine the forces in the meshing, on each 
rolling element, and then proceed to determine the load on the rolling bearing.

It was noted in the literature (Pshenin et al., 2023; Kusimova et al., 2023; Korshak et 
al., 2023) that when a gear with PTCSO is operating, two forces occur in the meshing (Fig. 
2): at the points of contact of the rolling element with the crown profile and with the satellite 
profile. The more important parameter for solving the task at hand is the force arising at the 
points of contact between the rolling elements and the satellite profile, because these forces 
form the load on the cycloidal satellite bearing.

As noted (Efremenkov, 2009), the determination of forces in the meshing of a gear 
with PTCSO is based on Hooke’s law and begins with the determination of the maximum 
value of the force in the meshing:

                                                  ,                                                            (1)
where Tк is the torque on the cycloidal satellite;
bis the distance from the centre of the satellite to the meshing pole;
hi - shoulder, the distance from the line of action of the i-th force to the centre of the 

satellite.
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Figure 2 – Schematic of force distribution in the meshing of a gear with IRBFC

The distances hi are calculated for each rolling element using the following formula:
                                                                                                                        (2)
The values of the sine of the angle αi for each rolling element involved in the load 

transmission can be found from the formula:

                                                                                                       (3)
here Li is the distance from the pole P to the centre of the i-th rolling element O.
Depending on the initial parameters, it is defined as:

                                                                                   (4)
Knowing the value of the maximum force in the meshing, we determine the force on 

each rolling element transmitting torque from the force-arm relationship:

                                                                                                                 (5)
Thus, the force acting at the point of contact of each rolling element with the cycloi-

dal profile of the satellite is determined from expression (5). Now it is possible to determine 
the force acting on the satellite support, formed from the found forces in the meshing. First, 
we determine the total support force using the vector decomposition method.

Vector decomposition method. The vector decomposition method is based on the 
fact that the found forces in the meshing are decomposed into two components on the coor-
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dinate axes, and then the projections on the coordinate axes are summed up and transferred 
to the centre of the rolling support of the cycloidal satellite and summed up analytically.

The point of contact of the rolling element with the cycloidal profile of the satellite 
cam will be taken as the origin of coordinates, the abscissa axis will be directed horizontally 
and the ordinate axis vertically (Fig. 3). Each force on the satellite cam is plotted on the 
abscissa and ordinate axes. The projections are determined from the following expressions:

on the X axis
                                                  ,                                                       (6)
y-axis
                                                  ,                                                       (7)
hence и - the angles formed by the force Fi to the X and Y axes.

Figure 3 – Schematic of the forces generated at the point of contact between the rolling body and the satellite, 
projected on the ordinate and abscissa axes

Angles and  are determined from the geometry of the transmission:
                                                         ;                                                              (8)
                                                   .                                                         (9)
Now by parallel transfer all projections и concentrate in the centre of the support of 

the cycloidal satellite, - the point .
The total forces on the coordinate axes Rx and Ry are determined from the expres-

sions:

                                                     ;                                                         (10)

                                                     ;                                                          (11)
Then the resultant reaction acting on the support of the cycloidal satellite is defined 

by the method of vector decomposition as:

                                                  ;                                                   (12)
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The resulting expression can be used to calculate the life expectancy of the satellite 
bearing.

The reduced force method. Let us now consider the determination of the total force 
on the support of the cycloidal satellite by the reduced force method. The essence of the 
method is that the forces in the meshing of rolling elements with a cycloidal cam by parallel 
transfer are immediately concentrated in the centre of the satellite support. Then an arbitrary 
straight line is drawn through the centre, on which all concentrated forces are projected (Fig. 
4). The sum of the projections of these forces will give the reduced force on the satellite 
rolling bearing.

Thus, the forces in the rolling elements meshing with the satellite, found by the 
formulas (1)–(5), we concentrate in the point  (Fig. 4).

Draw an arbitrary line p-r through the centreO1 b project all forces Fi onto it and find 
the projections of the forces  from the following expression:

                                                  ,                                                      (13)
where  - angle formed by and .

Figure 4 – Determination of force projection on an arbitrary straight line

The angle μi is determined from the construction. After all forces have been pro-
jected onto the line p-p, we can determine the reduced force  on the rolling bearing of the 
satellite:

                                                       .                                                      (14)
Evaluation of methods for determining the force on the rolling bearing of a cy-

cloidal satellite. Let’s carry out calculations of the force acting on the rolling bearing of the 
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cycloidal satellite using the two methods considered above. And then compare the obtained 
results.

To verify the convergence of the results obtained by the two methods, we will per-
form the calculations using the same initial transmission parameters with PTCSO:

• number of rolling elements Z2 = 13;
• radius of the producing circle r2 =35,1 mm;
• offset coefficient χ = 1,3;
• rolling element radius rb = 8,1 mm
We assume the torque on the cam as for heavily loaded mechanisms, Tк = 1000 Nm.
Let us determine the forces in the meshing of each rolling element with the cycloi-

dal satellite using equations (1)-(5). Let us present the obtained calculation results in the 
table (Table 1): forces Fi on each rolling element transmitting torque and angle α corre-
sponding to each forcei.

Table 1 - Forces Fi and anglesαi in contact points of the rolling bodies with satellite profile
Rolling element 

no.
1 2 3 4 5 6

Fi, kN 9,47 9,47 8,20 6,20 3,87 1,33
αi 75º58’ 76º16’ 56º50’ 39º46’ 23º36’ 7º50’

Now let us calculate the force on the rolling bearing of the cycloidal satellite using 
the vector decomposition method. Determine the projections of the forces found (Table 1) 
on the abscissa and ordinate axes for each rolling element involved in the meshing accord-
ing to equations (6) and (7). The results are summarised in Table 2. Also in Table 2 we enter 
the values of angles иobtained from expressions (8) and (9).

Table 2 - Forces  and , angles  and  of all rolling bodies involved in the engagement

Rolling ele-
ment no.

1 2 3 4 5 6

kN
9,17 9,17 6,90 3,97 1,53 0,20

kN
2,27 2,27 4,50 4,77 3,57 1,30

Then, as described in the method above, we concentrate all projections of forces by 
parallel transfer and  to the centre O1 and determine the total projections of forces and  on 
each axis according to formulas (10) and (11): 

,

.

Now let us calculate the resulting rolling support reaction of the cycloidal satellite 
using formula (12): 
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Next, we calculate the force on the rolling bearing of the cycloidal satellite using 
the reduced force method. We concentrate all forces Fi at point O1 by parallel transfer. Let 
us determine the angles μi from the geometrical construction and, substituting into equation 
(13), determine the projections of these forces on an arbitrarily chosen line passing through 
the centre of the satellite support. The obtained results will be entered in Table 3.

Table 3 - Force projections  and angles μi of all rolling bodies involved in meshing

Rollingele-
ment

1 2 3 4 5 6

kN
6,73 9,03 8,20 5,83 3,17 0,83

Using formula (14), we find the resultant force acting on the cycloidal satellite sup-
port using the reduced force method:

.

Thus, the resultant force on the support of the cycloidal satellites of the transmission 
with PTCSO is determined by two different methods and to check the convergence, let us 
compare the obtained results (Table 4).

Table 4 - The values of the resulting force on the satellite support obtained by different methods

Parameter kN kN
Significance 36,14 33,79

The discrepancy of the obtained values of the bearing force is determined by the 
formula:

The obtained discrepancy of 6.5 per cent between the calculation results of different 
methods shows satisfactory convergence of the results and indicates that both methods can 
be suitable for determining the force acting on the rolling bearing of the cycloidal satellite 
of the PTCSO transmission.

Conclusion
Thus, two different methods have been considered for determining the support force 

of a cycloidal satellite gear with PTCSO: the vector decomposition method and the reduced 
force method. After independent calculations, both methods showed satisfactory results, as 
evidenced by the difference in the obtained results of 6.5 %.

It should be noted that according to the method of vector decomposition the force 
on the support is RH1 = 36.14 kN, and according to the method of reduced force - RH2 = 
33.79 kN. I.e. the value of force by the first method is greater than by the second method. 
Based on the results obtained and on the discrepancy of the final values, it is possible to 
recommend the method of the reduced force to be used for carrying out design, or prelim-
inary, calculations, and the method of vector decomposition - for carrying out verification 
calculations. Such recommendations are justified by the time required to obtain the result of 
these methods. The reduced force method requires less time to perform calculations, and the 
result of the calculation is not significantly different from the vector decomposition method. 
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The latter method, however, allows the selected rolling bearing to be checked for increased 
load, thus improving the reliability of the selected bearing after the verification calculation. 
All this can generally improve the reliability and performance of equipment operating under 
severe conditions of limited space and increased loads.

In this work we used the equipment of the Central Research Centre of NMST TPU, 
supported by the project of the Ministry of Education and Science of Russia № 075-15-
2021-710
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