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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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Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана.
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© «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ, 2024

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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Главный редактор
ЖУРИНОВ Мурат Журинович,  доктор химических наук, профессор, академик НАН РК, 

президент РОО «Национальной академии наук Республики Казахстан», генеральный директор АО 
«Институт топлива, катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан) H = 4

Ученный секретарь
АБСАДЫКОВ Бахыт Нарикбаевич,  доктор технических наук, профессор, ответственный 

секретарь НАН РК, Институт химических наук им. А.Б. Бектурова (Алматы, Казахстан) H = 5
Р е д а к ц и о н н а я  к о л л е г и я:

АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии им. 
У.М. Ахмедсафина (Алматы, Казахстан) H = 2

ЖОЛТАЕВ Герой Жолтаевич,  (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, директор Института геологических наук им. К.И. Сатпаева (Алматы, 
Казахстан) Н=2

СНОУ Дэниел, Ph.D, ассоциированный профессор, директор Лаборатории водных наук универ
ситета Небраски (штат Небраска, США) H = 32

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, 
академик РАН, Институт нефтегазовой геологии и геофизики им. А.А. Трофимука СО РАН 
(Новосибирск, Россия) H = 19

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
директор Института химии новых материалов (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Ph.D, ассоциированный профессор, Технический университет (Дрезден, 
Берлин) H = 20

СЕЙТМУРАТОВА Элеонора Юсуповна, доктор геолого-минералогических наук, профессор, 
член-корреспондент НАН РК, заведующая лаборатории Института геологических наук им. К.И. 
Сатпаева (Алматы, Казахстан) Н=11

САГИНТАЕВ Жанай, Ph.D, ассоциированный профессор, Назарбаев университет (Нурсултан, 
Казахстан) H = 11

ФРАТТИНИ Паоло, Ph.D, ассоциированный профессор, Миланский университет Бикокк 
(Милан, Италия) H = 28
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Editorial chief
ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president 

of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of 
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary
ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of 

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5
E d i t o r i a l  b o a r d:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical 
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of  hydrogeology and 
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich,  (deputy editor-in-chief), doctor of geological and mineralogical 
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty, 
Kazakhstan) Н=2

SNOW Daniel,  Ph.D, associate professor, director of the labotatory of water sciences, Nebraska 
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth 
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich,  doctor of technical sciences, professor at the Nancy University 
(Nancy, France) Н=15

SHEN Ping,  Ph.D, deputy director of the Committee for Mining geology of the China geological 
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H = 6
KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor, 

academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk, 
Russia) H = 19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary 
director of the Institute of chemistry of new materials (Minsk, Belarus) H = 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20
SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor, 

corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named 
after K.I. Satpayev (Almaty, Kazakhstan) Н=11

SAGINTAYEV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H = 28
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BOOST SYSTEM DIAGNOSTIC PARAMETERS OF COHERENT GAS PISTON 
INSTALLATIONS OF MINING ENTERPRISES

Aleksey V. Lisachenko — lecturer, Admiral F.F. Ushakov State Maritime University, Novorossiysk, Russia
Е-mail: alexx.liss@yandex.ru, https://orcid.org/0009-0007-9537-3692;
Ruslan G. Dubrovin — Cand. Tech. Sc., Associate Professor, Admiral F.F. Ushakov State Maritime University, 
Novorossiysk, Russia
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Vladislav V. Kukartsev — Cand. Tech. Sc., Associate Professor, Reshetnev Siberian State University of Sci-
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Stas Galina Viktorovna — doctor of technical sciences, professor, Tula State University, 300012, Russia
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Abstract. The article provides an analysis of the control of parameters and techni-
cal operation of KGU (coherent gas piston installations) of mining enterprises in the coun-
try. Due to the harsh operating conditions and the high level of dynamic load in mountainous 
conditions, most of the fuel system and boost system elements are used. The purpose of the 
work is to substantiate the method of assessing the technical condition of turbochargers 
of mining engines based on the control of vibration parameters in operation. The work re-
vealed that there are no regulatory documents for monitoring the technical condition of the 
vibration parameters of a TC with a rotor rotation frequency of more than ptc ≥ 30•103 min–1 
mining engines. The paper proves the need to develop a control technique that would estab-
lish vibration levels not only for the TC, but also for the engine, the KGU generator, taking 
into account the coefficient of operation in mountainous conditions. The paper presents 
some test results of the installation at the facility of operation, an assessment of its technical 
condition was carried out, taking into account the coefficient of operation in a quarry. 

Keywords: mining enterprise, gas pumping unit; gas turbine unit; parametric diag-
nostics; technical condition
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Аннотация. Мақалада еліміздің тау-кен кәсіпорындарының КМУ (когерентті 
газ поршенді қондырғылар) параметрлерін бақылау және техникалық пайдалану 
талдауы берілген. Таулы жағдайларда ауыр жұмыс жағдайлары мен динамикалық 
жүктеменің жоғары деңгейіне байланысты ақаулардың көпшілігін отын жүйесі 
мен суперзарядтау жүйесінің элементтері алады. Жұмыстың мақсаты — жұмыс 
кезінде діріл параметрлерін бақылау негізінде тау-кен өнеркәсібінің қозғалтқыш 
турбокомпрессорларының техникалық жағдайын бағалау әдісін негіздеу. Жұмыста 
тау-кен өнеркәсібінің қозғалтқыштарының роторының айналу жылдамдығы ntk ≥ 30-
дан жоғары ТК діріл параметрлері бойынша техникалық жағдайды бақылауға арналған 
нормативтік құжаттардың жоқтығы анықталды. Жұмыста тау жағдайында жұмыс істеу 
коэффициентін ескере отырып, тек ТК үшін ғана емес, сонымен қатар қозғалтқыш 
пен КМУ генераторы үшін діріл деңгейлерін белгілейтін басқару әдістемесін әзірлеу 
қажеттілігі дәлелденді. Жұмыста жұмыс орнындағы қондырғыны сынаудың кейбір 
нәтижелері берілген, оның техникалық жағдайы карьер жағдайындағы жұмыс 
коэффициентін ескере отырып бағаланған.

Түйін сөздер: тау-кен кәсіпорны, газ айдау қондырғысы; газ турбиналық 
қондырғы; параметрлік диагностика; техникалық жағдайы
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Аннотация. В статье приведен анализ контроля параметров и технической 
эксплуатации КГУ (когерентных газопоршневых установок) горнодобывающих 
предприятий страны. В связи с тяжелыми условиями эксплуатации и высоким уровнем 
динамической загруженности в горных условиях большую часть отказов занимают 
элементы топливной системы и системы наддува. Целью работы является обоснование 
метода оценки технического состояния турбокомпрессоров двигателей горной 
промышленности на основе контроля вибрационных параметров в эксплуатации. В 
работе выявлено, что нормативных документов контроля технического состояния по 
вибрационным параметрам ТК с частотой вращения ротора более nтк ≥ 30·103 мин–1 

двигателей горнодобывающей промышленности не существует. В работе доказана 
необходимость разработки методики контроля, которая бы установила уровни 
вибрации не только для ТК, но и двигателя, генератора КГУ с учетом коэффициента 
работы в горных условиях. В работе приведены некоторые результаты испытаний 
установки на объекте эксплуатации, проведена оценка ее технического состояния с 
учетом коэффициента работы в условиях карьера. 

Ключевые слова: горнодобывающее предприятие, газоперекачивающий 
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агрегат; газотурбинная установка; параметрическая диагностика; техническое 
состояние

Introduction
Since 1871, MWM has been designing and manufacturing environmentally friend-

ly gas engines and generator sets in Mannheim (Germany) for the mining industry. MWM 
is one of the leading and most renowned brands in the field of gas engines and generator 
sets from 400 to 4500 kW installed in the mining industry (Kondrat’ev et al., 2016; Kon-
dratiev et al., 2022; Evdokimov et al., 2024). Mining gas engines operate on a wide range 
of gaseous fuels, such as natural gas and non-natural gas (eg landfill and sewer biogas). 
Mining power plant auxiliary equipment refers to the development, design and supply of 
equipment used in conjunction with generator sets for the construction of power plant work-
shops and other auxiliary enterprises of the mining industry for the extraction of natural 
resources (Stepanenko et al., 2017; Borodavkin, 2021; Grishin, 2021; Kamenskikh, 2021; 
Nakaryakov, 2021; Parshakov, 2021).

An analysis of the control of parameters and technical operation of CGU in the min-
ing industry, taking into account severe operating conditions and a high level of dynamic 
load, shows that the majority of failures are caused by the fuel system and the engine pres-
surization system. So, for example, when the KGU operated for 13,630 hours at one of the 
country’s mining enterprises for the extraction of minerals, the destruction of the fastenings 
of the TC structure and the upper part of the engine gas exhaust system began to occur (Fig. 
1), then an emergency stop of the KGU occurred, since the TC pumps not only air into en-
gine cylinders, but also gas (Kondrat’ev et al., 2022). The cause of the faulty condition of the 
TC was increased vibration at the engine speed. Due to high vibration, the insulation of the 
gas exhaust tract behind the fuel pump was destroyed, and then the fastenings of the CGU 
structure as a whole were destroyed (Karlina et al., 2023). Due to the fact that the operation 
of the CGU in mountainous conditions with increased vibration led to the breakthrough of 
gases into the environment and triggered a gas leak alarm, this caused an emergency shut-
down of the CGU. The consequence of this accident was the engine was taken out of service 
for six months to carry out major repairs, purchase a new fuel pump and replacement spare 
parts. The cost of all operating expenses amounted to about 4.5 million rubles.

Fig. 1. Destruction of the structure of the gas piston installation NCG2020V20 (MWM) of one of the 
country’s mining enterprises for the extraction of minerals
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The purpose of the work is to substantiate a method for assessing the technical 
condition of turbochargers of mining engines based on monitoring vibration parameters in 
operation.

Materials and object of study. Analysis of literary sources shows that today a large 
number of works are devoted to monitoring the technical condition and operation of modern 
mining engines (Martyushev et al., 2023b). However, these modern and reliable engines fail 
if not properly operated. Scientific works (Palyanitsina et al., 2021; Korshak et al., 2019; 
Korshak et al., 2020) examine modern methods and technologies in the field of technical 
diagnostics, maintenance and repair of elements of mining machines and equipment, includ-
ing vibration parameters. In the works (Martyushev et al., 2023b), stands are developed and 
patent research is carried out, including methodological aspects of vibration standards for 
turbochargers of mining engines.

The elements of the supercharging system of MWM CGU engines (power 1000 kW, 
12 cylinders, rotation speed 1500 rpm (25 Hz)) are turbochargers (TC) from ABB brand 
TPS 52E01 (Fig. 2).

A special feature of the design of TC mining engines are plain bearings and a hy-
drodynamic thrust bearing, which are lubricated under pressure from the engine oil system 
(Fig. 2, b). The TC housing has channels for supplying and draining oil, and on some types 
of TC there are channels for liquid cooling. To prevent oil from entering the gas-air path 
from the oil cavity, seals are installed (Martyushev et al., 2023a).On the turbine side, a 
seal with a spring expansion ring is usually used. A ring made of special cast iron or steel 
is installed motionlessly in the housing and slides along the shaft groove with very small 
end clearance. On the compressor side, a similar design is generally used (Nikolaev et al., 
2015a; Nikolaev et al., 2015b; Martyushev et al., 2023c).

For all its apparent simplicity, the TC is a very complex unit. The rotor at operating 
speeds is “flexible” - its operating frequency exceeds its own frequency of oscillation, so 
its rotation occurs in “floating” bearings capable of damping resonant vibrations at critical 
frequencies. The high rotation speed of the TC rotor (from 20,000 to 60,000 min-1), high 
dynamic and temperature loads, taking into account mountain conditions, necessitate very 
precise manufacturing of TC parts and the use of special materials and technologies (Psh-
enin et al., 2023; Kusimova et al., 2023; Korshak et al., 2023).

When the engine operates at low loads, taking into account the operating coeffi-
cient in mountain conditions, the energy of the exhaust gases is not enough to achieve the 
required boost pressure. Accordingly, poor-quality mixture formation occurs in the cylinder. 
Combustion products, along the path of the gas exhaust tract, settle on the walls and blades 
of the turbine, which, first of all, can lead to imbalance of the TC rotor, a decrease in the 
flow section area, as a result of which the gas pressure in front of the turbine increases. 
Also, when the engine operates taking into account the operating coefficient in mountainous 
conditions at idle speed or at low loads with a dirty filter, a vacuum is formed not only at the 
inlet to the compressor, but at the outlet from it. If this condition continues for some time, 
the oil will begin to be sucked out of the TC bearing housing and enter the engine intake 
manifold. Failure of the TC is usually associated with improper operation and the use of 
low-quality oil, which cokes in the TC, closing the lubrication holes of the bearings, which 
leads to scuffing, damage, and accelerated wear of the bearings, taking into account the op-
erating coefficient in mountain conditions.
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a) b)

1 – bearing housing; 

2 – turbine wheel; 

3 – bypass valve; 4 – turbine housing; 5 – oil 
channels; 

6 – rotor shaft; 7 – bearing; slip; 8 – compres-
sor wheel; 9 – compressor housing; 

10 – pneumatic actuator of the bypass valve

z

x

y

 

c)
Fig. 2. Turbocharger brand TPS 52E01 of the KGU engine from MWM NCG2020V20 with a power of 1000 
kW, 12 cylinders, rotation speed 1500 min–1 (25 Hz) from one of the country’s mining enterprises for the ex-

traction of minerals: a) photo; b) device; c) installation location of vibration sensors on the engine turbocharger 
housing

The vibration method is based on a method that is widespread throughout the world, 
based on measuring vibration parameters. This is due to the fact that vibration is a conse-
quence of the action of disturbing forces and, accordingly, the vibration signal carries in-
formation about the state of the mechanism, its kinematic connections and individual com-
ponents. At the same time, the theory and practice of analyzing vibration signals has now 
been so developed that it is possible to obtain reliable information on almost any defect in 
installation, manufacturing or wear and tear of operation in mining conditions and eliminate 
vibration if evaluation criteria have been developed.

Object of control. Turbocharger with a radial-axial turbine from ABB Turbo-
System Ltd, type TPS52E01 with a maximum rotation speed of 60x103 min–1 (1000 
Hz) at KGU2, KGU5, KGU6 at one of the country’s mining enterprises for the ex-
traction of minerals.

Control conditions:
Operating mode of KGU2: n = 25 Hz = 1500 rpm, Ne = 550 kW = 0.55 Nen-

om.
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Operating mode of KGU5: n = 25 Hz = 1500 rpm, Ne = 550 kW = 0.55 Nen-
om.

Operating mode of KGU6: n = 25 Hz = 1500 rpm, Ne = 700 kW = 0.7 Nen-
om.

Control scheme: Figure 2, c.
The control is carried out using measuring instruments:
Noise and vibration analyzer: portable device VIBXPERTII.
Results and discussion
To assess the operating condition of turbochargers with a radial-axial turbine from 

ABB TurboSystem Ltd, type TPS 52E01 with a maximum rotation speed of 60x103 min–1 
(1000 Hz) KGU2,5,6, taking into account the operating coefficient in mountain conditions, 
the following types of processing of vibration signals in the vertical (Z) were performed ), 
transverse (X) and axial (Y) directions: spectrum of vibration acceleration in a wide band 
from 1 to 25,600 Hz, with the number of lines 25,600; vibration velocity spectrum in a wide 
band from 1 to 5,600 Hz, with a number of lines of 5,600; temporary vibration acceleration 
signal from 1 to 40,000 Hz with a recording time of 2500 ms, sampling frequency 131,072 
Hz.

Also, a comparative analysis of the vibration spectra of the GKU2 TK was carried 
out; the operating time after the overhaul is 2000 hours.

In Figure 3, as an example, shows the vibration signals of a mining enterprise en-
gine at the level of the crankshaft in the vertical direction z obtained from the device without 
processing.

In Fig. 4–6 show the vibration signals of KGU2,5,6 of the mining enterprise at the 
control points indicated in Fig. 2, c. These signals are the beginning of the reporting point of 
the history of vibration data of a technical device and the change in the technical condition 
of the vehicle during operation. Currently, there are no regulatory documents for assessing 
the technical condition of turbines with a rotor speed of more than ntk≥ 30x103 min-1 based 
on vibroacoustic parameters of ROS. Thus, to analyze the vibration of TC KGU5,6, we will 
consider the reference readings of TC KGU2 of a mining enterprise, the operating time of 
which after overhaul is 2000 hours.

During vibration measurements, the load distribution between two CGUs of a min-
ing enterprise is in automatic mode, and accordingly the load quickly changes from 0.5 to 
0.7 Nenom. In this regard, in Fig. 2–4 showed the frequency ranges corresponding to the 
reverse frequency (fo), half-turn (1/2fo) and the second harmonic (2fo) of the reverse fre-
quency of the TC KGU2,5,6 mining enterprise at the characteristic loads of the power plant, 
taking into account the operating coefficient in mining conditions. In these ranges, maxi-
mum vibration velocity values were also adopted. From Fig. 4–6 it is clear that: 

– the rotation frequency of the TC at a load of 0.55Nenom (550 kW) is in the fre-
quency range from 550 Hz (33,000 min–1) to 700 Hz (42,000 min–1); 0.7Nenom (700 kW) 
from 700 Hz to 800 Hz (48,000 rpm);

– vibration velocity spectra of the TC in the axial direction (y), in the established 
frequency ranges corresponding to fo, 1/2fo, 2fo constitute the maximum vibration velocity 
values in relation to the vertical (z) and transverse (x) directions, for example, the fo value 
of the KGU 5 TC at load 0.55Nenom (550 kW) is 0.96 mm/s (Fig. 5, b); 

– vibration velocity spectra of the TC in the transverse direction (x), in the estab-
lished frequency ranges corresponding to fo, 1/2fo, 2fo are minimal values and change little 
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with increasing load, this is due to the fact that, in the transverse direction, the TC is rigidly 
attached to the internal combustion engine frame ;

– vibration velocity values at the rotation frequency fo of TC KGU5.6 in all direc-
tions z, x, y do not exceed 1 mm/s (Martyushev et al., 2023a; Martyushev et al., 2023b;) .
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Fig. 3. Vibration signal at point 1Z at a load of 0.55 Nenom KGU5 of a mining enterprise for the 
extraction of minerals
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Fig. 4. Vibration velocity spectra in the vertical direction (z) of turbocompressors of a 
mining enterprise: a) KGU2 (0.5Ne); b) KGU5 (0.55Ne); c) KGU6 (0.7Ne)
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Fig. 5. Vibration velocity spectra in the transverse direction (x) of turbocompressors of a 
mining enterprise: a) KGU2 (0.5Ne); b) KGU5 (0.55Ne); c) KGU6 (0.7Ne)
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Fig. 6. Vibration velocity spectra in the axial direction (y) of turbocompressors of a mining 
enterprise: a) KGU2 (0.5Ne); b) KGU5 (0.55Ne); c) KGU6 (0.7Ne)

 

Conclusion
In accordance with the work performed, the following conclusions can be drawn:
1. Currently, there are no regulatory documents for monitoring the technical con-

dition of vibration parameters of fuel engines with a rotor speed of more than ntk ≥ 30•103 
min–1 of CGU engines in the mining industry.

2. The rotation frequency of the TC is in the range from 600 to 700 Hz at an engine 
load of 0.5 Nenom and is 1000 kW. This is very important, because the design of the TC, 
taking into account the operating coefficient in mountain conditions, is made in such a way 
that the rotation speed of the TC shaft can only be measured using vibration parameters.

3. The values of vibration velocity in all directions (z, x, y) at the rotational frequen-
cies of the TC in the range of 600–700 Hz are no more than 1 mm/s, which indicates good 
shaft balancing and the same technical condition of all the studied TC KGU 2.5 ,6 mining 
enterprise. 

4. The design of the GPU of a mining enterprise is designed in such a way that the 
source of vibration of the TC is the engine. 

5. It is necessary to adjust the engine mounts and check the bearing assemblies of 
the engine crankshaft (thrust bearing and frame bearings).

6. It is relevant for the CGU of a mining enterprise to develop a control method 
that would establish vibration levels not only for the heating equipment, but also for the 
engine and generator of the CGU, taking into account the operating coefficient in mining 
conditions.
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