<2 The History
* ‘i * of Land Transport

Has been issued since 2015.
E-ISSN 2413-760X
2019. 5(1). Issued once a year

EDITORIAL BOARD

Terentev Aleksei — Izhevsk State Technical University, Izhevsk, Russian
Federation (Editor-in-Chief)

Mamadaliev Anvar — International Network Center for Fundamental and
Applied Research, Washington, USA

Taran Konstantin — International Network Center for Fundamental and
Applied Research, Washington, USA

Filkin Nikolay — Kalashnikov Izhevsk State Technical University, Izhevsk,
Russian Federation

Makarov Konstantin — Sochi State University, Sochi, Russian Federation

Sarfo Jacob — KAD International, Effiduase-Koforidua, Eastern Region, Ghana

Tsvetkov Viktor — Research and Project Development Institute of Information
Systems, Automation and Communication on Railway Transport, Moscow, Russian
Federation

Journal is indexed by: MIAR (Spain), OAJI (USA)

All manuscripts are peer reviewed by experts in the respective field. Authors of
the manuscripts bear responsibility for their content, credibility and reliability.

Editorial board doesn’t expect the manuscripts’ authors to always agree with its
opinion.

Postal Address: 1367/4, Stara Vajnorska str.,,  Release date 15.09.19.
Bratislava — Nove Mesto, Slovak Republic, 831  Format 21 x 29,7/4.
04

Website: http://ejournal38.com/ Headset Georgia.
E-mail: aphr.sro@gmail.com

Founder and Editor: Academic Publishing  Order N¢ HLT-5.
House Researcher s.r.0.

© The History of Land Transport, 2019

The History of Land Transport




The History of Land Transport, 2019, 5(1)

CONTENTS

Articles and Statements

Rethinking Cultural Ecofeminism in the Commercial Transport and Storage System in
Ghana: A Critique of “Women Moving the City” and “Women Moving Trucks” Projects
INL ASTEAU ittt ettt et ettt e sa e b e et e et e et e e a b e s st e sht e b e et e et e enbesatesaean

Analysis of the Formulas for Calculating the Axial Load on the Head Balancer of the
Rocking Machine, Created by Pump Rods Made of Fiberglass. Comparison of the Obtained
Results with Steel Pump Rods

ALA. KOZREVIIROV ..ttt ettt sre e st se e seesae e

Lubrication System for In-line Engines with a Capacity of 1000 ... 1200 hp
E.O. Vitsin, B.Ya. BENAEISKY ...cc.cootiiiiiiiieeeeeeeeeetete ettt

Improving the Engine Efficiency by Installing the Turbo Compound System
E.V. Zhuravlev, AN, TEIEILEV .......coovvuiiiiiieeieieeeeecteeeeeeeiereeeeeesarteeeesssaseeeesssssseeessessasasesessas

12

22




The History of Land Transport, 2019, 5(1)

Copyright © 2019 by Academic Publishing House Researcher s.r.o. iz

el Published in the Slovak Republic The History

* * . of Land Transpor
* g » The History of Land Transport e
*

e Has been issued since 2015.
E-ISSN: 2413-760X
2019, 5(1): 3-11

DOI: 10.13187/hlt.2019.1.3
www.ejournal38.com

Articles and Statements

Rethinking Cultural Ecofeminism in the Commercial Transport and Storage System in
Ghana: A Critique of “Women Moving the City” and “Women Moving Trucks” Projects

Nicholas Asiedu @~
aUniversitat Passau, Germany

Abstract

This paper analyzes the motivations behind two projects, “Women Moving the City” and
“Women Moving Trucks” in the commercial transport industry of Ghana under the purview of the
cultural ecofeminist. Evidently, the industry is mainly dominated by men however, the
disproportionate representation of women, poor regulatory arrangements and questionable driving
attitude of male drivers have led to high rates of accidents. The projects, which recruited and
trained only females to drive buses and heavy-duty trucks in Accra and Takoradi underscored
certain essential attributes that consider the female drivers over their male colleagues because of
certain essential but intimate associations they possess. Accordingly, the goal of mainstreaming a
proportionate representation of females in the commercial transport and logistics industries as
well as encouraging male drivers to adopt a more ‘feminine’ driving style has been accorded with
priority. The paper reviews that the ideology of essentializing women driving style over men can
weaken the mainstreaming goal of the projects in the future. Relevance on raising awareness,
building self-confidence and expanding choices, increasing people’s access to and control over
resources in the commercial transport industry should be prioritized.

Keywords: commercial transport industry, ecofeminism, gender equality, gender
mainstreaming, women moving the city, women moving trucks.

1. Introduction

Our understanding of the African society, dominantly from the works of sociologists and
ethnographers, has seen a far-reaching revision over the past few decades. Contrary to some
changing facets of its social institutions, other sub-structural components have not still welcomed a
close intertwining of the feminist reassessment of conventional knowledge (Bozzoli, 1983: 139).
Denigrated social and cultural norms have assumed deep-rooted superficial roles and perceptions
of women. Consequently, alienation and exploitation have become the concealed conventional
system within the gendered fabric of the larger social structure. An aspect of the formidable
challenge of gender ordering is identified in men’s “commodification” of women and resources and
women’s acceptance of their “commoditized” status within the institutional settings. On this
account, the struggle to deconstruct and reconstruct the hierarchical social relations and the
trichotomy between gender, nature and the environment is to this point a challenging task
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(Gottschlich et al., 2017: xx) in Africa (Lemos, 2011: 204) and other parts of the Asia (Grofmann et
al., 2017: 12; Elmhirst et at., 2017: 8).

One aspect of the economic institution in the social structure, the commercial transport
sector has not made significant strides in the call for gender mainstreaming in Africa (Duchene,
2011: 14; SATAWU, 2011). The industry drives on two significant dimensions, access and mobility
(Gbadamosi, 2010: 1); and since the dimensions are considered as the preconditions for successful
economic development, prioritizing gender-related considerations in this industry can be a
significant way of improving development effectiveness, sustainability and reducing gender
discrimination (CIDA, 1999: 7, 10). Across the African region, women have made remarkable
records in attaining legislative positions and also played a distinguished role in the economic sector
development (AUC and UNOHCHR, 2017: 11, 40). On the contrary, women’s involvement in the
commercial transport industry is still lagging behind. Several attempts have been made to break
the gender barriers bedeviling the industry yet the initiatives have not yielded substantial effect.
In Congo-Kinshasa for instance, the state-owned bus company known as, City Train; trained and
hired women as ticket inspectors and drivers. At the end of the training, only one woman
successfully qualified to drive with five others as ticket inspectors (Duchéne, 2011: 14). In Mali, the
National Employment Agency (ANPE) and the Regional Bank for Solidarity (BRS) initiated an
Urban Taxi Project that aimed to help Twenty-seven (27) women to break through the glass ceiling
of the male-dominated taxi industry. In spite of the aim of the project, it was marred by the failure
of the Ministry for the Promotion of Women, Children and the Family to respond to sponsorship
requests. In all, only two women had access to taxis from the project (ibid. p. 14, 15).

Ghana has also not been immune to the stagnated growth of gender mainstreaming in its
commercial transport landscape. Apparently, it should not be a surprise for many Ghanaians to
think that a baby carriage is female-associated whereas a bus or a heavy-duty truck is male-driven.
The transport industry and specifically amongst the bus and heavy-duty companies is a one-
dimensional, male-dominated industry (Moss et al., 2018: 2). Although there are constitutional
provisions and laws that enshrine equality and rights for women, however, the gendered
dimensions of economic disparity in the commercial transport sector remain vigorous. Statistically,
nearly 8 % of men in Ghana work in the transport and storage sector with women representing only
0.3 % (Ladybird Logistics Limited, 2019). Considering the existing distribution of transports and
fuel logistics companies, there is not a convincing resonation of seriousness to engender gender
equality. The lack of commitment on the part of the individuals, government and companies could
emerge as a result of the longstanding institutional settings and systems (norms, traditions, laws,
etc.) that latently play crucial roles within the various institutions and our everyday practices
(Techane, 2017: 334). In response to the irregularities, few companies are employing female
drivers to be at the front-seat of driving in order to reduce the gender gap in Ghana. Two
companies are but not limited to the Greater Accra Passenger Transport Executive (GAPTE) and
the Ladybird Logistic Ghana Limited. The research focuses on the gender considerations of the
two projects of the above-mentioned companies. The projects under review are new phenomena
that have not received much attention within the academic and research domain of influence.

2. Theoretical Review: Ecofeminism

Theoretically, ecofeminism highlights the fundamental assumption of equality between
genders through the revaluation of non-patriarchal structures and the comprehensive assessment
of the world that recognizes organic processes (Miles, 2007: 504). The ecofeminist maintains that
this institutionalized arrangement is the explicit occurrence of hierarchical structure that allocates
power and dominance to men at the detriment of the women and nature. Thus, women and nature
were repeatedly described as “chaotic, irrational, and in need of control”, whereas men were
commonly considered “rational, ordered” and therefore endowed with the capacity to control and
use women and nature for their own gain (ibid. p. 505). Since the domination over women and
nature have concurrently occurred, women, therefore, have a specific stake in ending the
dominance over both (Pande, 2003: 7). They are of the view that in order to deal with the long-
standing construct, it is necessary to reverse the status ascription of both — women and nature
(Bauhardt, 2013: 365). A subdomain of this movement, cultural ecofeminism, draws on the
assumption that there is a close relationship between women and the environment and for that
matter, their intimate associations allow them to be more sensitive to the sanctity and degradation
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of the environment. Psychologically, women are endowed with greater emotional tendencies that
have greater ties to nature than men who are seen as more rational and objective with a greater
tendency for abstract thinking. It is important for society to place a keen interest in this sensitive
aspect of the associations insofar as it presents a more direct connection of the physical world in
which human beings and other creatures must live together.

3. Methods

The research conceptualizes a method of reasoning that is essentially deductive for the
purpose of analyzing the two projects. The research aims to discuss the extent to which the
fundamental conception of ecofeminism can be assimilated within the motivations of the “Women
Moving the City” and “Women Moving Trucks” projects in Ghana. Consequently, the study gives a
comprehensive understanding of the ideological pursuit from both projects that either show
satisfactory implications or otherwise for future considerations and prospects. By using descriptive
and explanatory approaches to collect and analyze data, the research mainly uses secondary
literature but for the paucity of gender-related-transport studies in Ghana, other helpful non-
academic sources relevant to the research were also considered. Online searches using keywords
such as “ecofeminism, gender equality and mainstreaming, Women Moving the City, Women
Moving Trucks, Commercial Transport Industry” etc. were conducted.

4. The Commercial Transport System in Ghana

The commercial transport landscape is strongly dominated by men, a service that is almost
entirely and for many years provided by self-organized small scale para-transit private operators
(Kwesi et al., 2018: 1). It serves about 95 % of the public transport needs, often through shared
taxis and minibuses that are popularly known as “Trotro” (Fouracre et al., 1994; IBIS, 2005). In the
effort to improve public transport in Ghana, particularly in Accra and Kumasi (two of the major
cities in Ghana), the Government of Ghana in collaboration with the French Development Agency,
the Global Environment Facility and the World Bank initiated the Ghana Urban Transport Project
(GUTP). The Project earmarked the implementation of a Bus Rapid Transit (BRT-Metro Mass
Transport) system in 2005 (Okoye et al., 2010: 11). Despite the advent of GUPT and the influx of
other private bus companies (VIP, Royal VVIP, DIPLOMAT, etc.), the industry is bedeviled with
the disproportionate representation of women, poor regulatory arrangements and questionable
driving attitude leading to high rates of accidents (Moss et al., 2018: 1). The facilitators and
stakeholders, therefore, initiated the two projects as a response to curbing these irregularities.

Women Moving the City” and “Women Moving Trucks” Projects

The two cases are joint-projects sponsored by the Swedish manufacturer SCANIA Group with
support from Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ), and some
departments under the Ghana Government (the Driver Vehicle License Authority [DVLA], Ministry
of Transport, and the Ghana Armed Forces). The projects although share similarities, they are
operated by different companies. The “Women Moving the City” project is engaged by the Greater
Accra Passenger Transport Executive (GAPTE), a public-private partnership bus company in Accra.
Independent of the project the GAPTE also employs male drivers who in fact constitute a larger
percentage of their driver population. On the other hand, the project “Women Moving Trucks”,
is managed by Ladybird Logistics Ghana Limited, a private fuel logistics company in Takoradi of
the Western region of Ghana. Ladybird Logistics company recruits only female truckers.
The similarities between the projects are observed in their sponsorship agencies, all-female
recruitment setting, gender mainstreaming and women empowerment agenda. They are different
considering their location, cooperative arrangement, companies’ resources and vehicular
operations.

In the bid to alleviate the gender bias, the stakeholders of both projects in 2017 launched a
special cooperative project dubbed “Women Moving the City” to mobilize women who were
interested to become professional bus drivers and were also prepared to join a 6-month
mandatory, cost-free training course. The aim of the campaign was to boost the number of women
drivers in the city’s public transport system. According to a documentary report published by
SCANTIA, between 2017 and 2019 alone, 52 women had received training to become bus drivers in
the capital, Accra. In a statement by the Managing Director of SCANIA West Africa, Fredrik
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Morsing, he said “SCANIA already has a big presence in Accra. The Bus Rapid Transit (BRT)
system has been working for several years, and the city is ready to take on female drivers...We hope
that this initiative will not only be an opportunity to start a new career but that it will also be a
challenge to the existing drivers to improve their performance” (SCANIA Group, 2018). At the
moment, apart from the Women Moving the City project known to mainstream gender in the
Ghanaian commercial transport industry, the other two include Women Moving Trucks and Miss
Taxi Ghana.

The Ladybird Logistics Ghana Limited is a newly established freight company that began
operations in 2018. The company operates in Takoradi, a city in western Ghana and only employs
female heavy-duty truck drivers. As part of its core mission, the company is bent on excellence and
professionalism in the logistics industry with an emphasis on empowering women. For this reason,
it is playing a key role in the project “Women Moving Trucks” and has 21 trained drivers and
12 trucks (CNN, 2019). The Chief Executive Officer (CEO), Ms. Payin Marfo, is a certified project
management professional who had no experience in the trucking and logistics industry (Cox,
2019). With the vision to establish the first all-female fuel logistics company, Ms. Marfo scouted for
female bus drivers in Accra, who had already been trained [through the Women Moving the City
Project] but were ready to make a switch to drive trucks. According to Cox, Ms. Marfo is reported
as saying “[t]he idea of driving trucks appealed to most of them and they were willing to make the
Ladybird dream a reality...I knew next to nothing about trucks or the logistics industry...I [also]
have a passion for empowering women. This opportunity appealed to me purely because the idea
was radical and challenging.” The company and SCANIA with the assistance of other private and
public entities, organizations and individuals including the Ghana Armed Forces Mechanical
Transport Academy, the West Africa Training Academy and the Zen Petroleum team, trained the
prospective drivers on the complex theoretical and practical facets of trucking and fuel haulage
(Ladybird Logistics, 2019). Inclusive of the training were fuel truck driving and maintenance,
physical training, safety driving and ethical standards inculcation (SCANIA Group, 2018). After the
training, the female truckers’ main tasks were to transport and haul fuel to mining and
construction companies. Truck driving and fuel haulage were characteristically a new experience
for the company and the entire team.

5. Findings and Discussion

The rationale for the “Women Moving the City” project reveals a substantial connection with
the fundamental conception of cultural ecofeminism. According to Moss, Powitz & Michaelsen
(Moss et al., 2018: 3), two fundamental reasons for the project underpin the mainstreaming of
women to drive commercial buses in Ghana. The first being that women are better drivers than
men because of their less aggression behind the wheels. It is believed that women drive more
carefully than men which virtually translate into less wear on the vehicles and better fuel efficiency.
This implies that on average, the buses do not spend much time in the workshop as well as less
maintenance and repair costs. On the other hand, they spend more time on the road transporting
passengers as well as generating income and consuming less fuel. Secondly, women are better
drivers than men because of their less susceptibility to accidents. A plethora of studies supports
these findings (Evans, 1991; Lancaster, Ward, 2002; Waylen, McKenna, 2002; Abel-Aty, As-Saidi,
2000; McKenna et al., 1998). These studies predicate their findings on females’ minimal aggressive
and protective nature often compared to males who drive faster, violate more traffic regulations
(together with alcohol limits), more likely to have trivial regards for safety interventions (such as
alcohol interlocks, safety belts), and the tendency to lose vehicle control. According to Shinar
(Shinar, 2007: 349), “[glender is a great divide among drivers in their driving style, driving
violations, and crash involvement... In general, men are more likely to exhibit overt aggressive
behaviours than women... [and] this difference extends to the world of driving.” In addition to the
reactionary differences, the project appreciates the effect of engaging female drivers to extend
beyond fuel, life and spare-parts savings. It perceives that the female bus drivers would serve as
role-models from whom their male colleagues can learn. This is possible because the fleet of buses
is equipped with a modern GPS tracker device that would help retrieve extensive real-time data
about individual driving profiles. Since data from the female drivers may reveal their minimal
accident records, good buses condition as well as more profits; the male colleagues, in spite of their
majority, will “adopt a more ‘feminine’ driving style with the effect of significant cost reduction”
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(Moss et al., 2018: 3). The project, “Women Moving the City”, with these reasons would not only
reduce the gender gaps but also deconstruct the gender associations in the commercial transport
industry. The initiative could open a wider opportunity for women to participate and harness the
large scale para-transit segment of the transport economy. At the moment, there is apparently a
microscopic number of women who operate within the minivans sector popularly called Trotro
(Sarfo, 2016), most of whom show up as ticket-attendants.

Ortner (Ortner, 1974: 77) maintains that women have a dominant endowment of emotional
tendencies that allow them to have greater ties to nature. This association could also account for
their minimal aggression during the driving process. It is therefore not surprising that the enormity
of value that arises from women's empowerment in the commercial transport industry is huge.
When they are involved in equal activities and opportunities with men, they save the environment,
life and improve living conditions of others whereas the reverse, destruction and losses, are to
some extent the case for male drivers. In the video documentary by SCANIA (2018), one of the
trainees’ mother, Ms. Rebecca Amandi is quoted as saying “anytime she [Charlotte, the bus driver]
has money, she brings it home for us to help to feed her siblings. So she’s really helping.” This
strengthens the ideological assertion of women’s close association to nature in the improvement of
human lives and cares for the environment. In the same documentary, the Managing director of
GAPTE, Mr. Samson Guyamera said that “[w]omen are much more careful drivers than men, and
we want to introduce an element of competition in our driver corps. So with the women competing
with the men in the arrangement, we aim to get the best out of our driver arrangements to bring
out the quality in the public transport arrangements we have in Accra.”

The Ladybird Logistics Company and their employment of all-females are also redefining the
road and the logistics industry. In the documentary, the CEO of Ladybird Logistics, Ms. Payin
Marfo is also quoted as saying “Currently in Ghana, we’ve got a gap within the trucking industry.
It’s predominantly men — actually, it’s a male-dominated industry. And we have a lot of females
who are confident and who are good drivers but they don’t consider trucking as a profession. And I
believe that if we give them the opportunity, they will be very good truck drivers.” Through their
operations, there has been a remarkable achievement of curtailing the problem of fuel theft in the
industry. It reveals having had 75,000km of fuel transportation without Lost Time Injury (LTI) as
well as zero rollovers and spill of products since its establishment (Ladybird Logistics, 2019).
The activities of the company have also attracted the attention of international media. In 2019,
CNN Africa and AFP News contacted the company because of the positive report the agency
received (CNN, 2019). It is reported that the carrier had extremely reduced the amount of fuel theft
in Ghana that estimates about half a million dollars (US $ 500,000) of losses a year. This endemic
problem has necessitated a solution-based approach but after fuel transport and haulage
consignments were allocated to the Ladybird Company, the problem has been solved. Ms. Marfo
thinks that the absence of fuel theft is because [t]he female drivers are more cautious and that it
could also be an intrinsic qualities females possess over males. She argues that “maybe it is a
female thing because we are always thinking about the children we have at home and making sure
that you don’t want to take certain risks” (AFP, 2019), reiterating the fundamental groundings of
cultural ecofeminism in her submission. The CEO of Zen Petroleum, Mr. Tewiah also stated that
“[i]t’s still early days but the results have been absolutely amazing and very humbling...losses are
non-existent” confirming the positive impact the female truckers have had on the entire fuel
industry. An important pointer to this accomplishment could be the outgrowth of the training
quality and work ethics inculcated to the ladies. According to Ms. Marfo “what we’ve managed to
instill in the ladies that we've employed through the training process are three values: one of
professionalism, integrity, and the last is teamwork. Whatever you do impact everybody within the
team” (CNN, 2019). The central awareness is that once females stand on equal grounds with males,
they have the capacity to do and even more what may have been socially constructed as incapable
or forbidden for women. Since society has positioned women and natural resources at the
vulnerable side of the socio-cultural systems, they suffer the most when the environment is
degraded. Conversely, if women are empowered through skill development and society does not
alienate them from certain occupations that are ascribed as only male-bound, then the effect will
not only change the long-held structurally arranged norms but will also improve the living
conditions and status of women in Ghana.
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In spite of the fact that women have some natural tendencies, the absurdities in priority are
observed in the romanticization of female drivers in the industry and a pessimistic characterization
of male colleagues. The ideology of essentializing “feminine driving style” in the male-dominated
industry whereas associating aggressive driving with masculinity is problematic. First and
foremost, such philosophy does not address the complexities of inequality and power asymmetry in
gender but an ideology that can potentially develop a “wicked problem”; that is, an effort to solve
one aspect of a problem may expose or create other problems (Ritchey, 2013: 2). Particularly, the
objectives of the “Women Moving the City” project can weaken the mainstreaming goal due to its
defence for women empowerment and discredit of the male drivers in the process. Female drivers
would eventually become more powerful because of the sense that their male colleagues are
incompetent and reckless. Going forward, the phenomenon of gender bias will not be solved but
rather reverse the power imbalance of the relationship between men and women in the industry.
Additionally, the veneration of women as less aggressive behind the wheels exposes the
problematic nature of the female social upbringing in such a masculine society. This contention is
raised because the socialization process of women within the Ghanaian and to a large extent, the
African context is such that young women suffer the culture of oppression, inferior sense of self to
young men with attendant marginalization and abuse (Alabi et al., 2014: 397; Ebeli, 2016: 21). That
is to say, the early processes of education and nurturing of young girls prevent them from speaking
out when they want to, have no decision making power, be polite and obedient to young men and
parents, all of which inflict strong attitudes of timidity, fear and less aggression. In such a case, the
glorified attributes of women having to be less aggressive drivers are actually socialized traits of
oppression of women. On the other hand, the same processes also nurture men to be aggressive
due to the high sense of self-esteem “the can-do attitude” that manifests in driving. In such a
masculine society, men tend to show their bossy and domineering tendencies by driving faster,
reckless and disregard for safety interventions. Consequently, the magnificent essentialism of
women driving manners and the aspersions of their male colleagues are the products of the
detrimental traits of culture that reappear inversely in driving. Thirdly, promoting gender equality
should not be classified as a competition between males and females professional bus drivers.
To cause certain structural changes, creating a competitive stage that seeks to circumvent other
dominant groups has the potential of engendering acrimonious attitudes that in turn could
stimulate conflict among groups or sexes. Relevance should be placed on harnessing individual and
collective strengths to work towards mutual goals without alienation or domination. To achieve the
best driver resource and gender equality, raising awareness, building self-confidence and
expanding choices, increasing people’s access to and control over resources (OSAGI, 2001: 2)
should instead be prioritized.

Likewise, the stakeholders of the “Women Moving Trucks” project maintain that the problem
of fuel theft is non-existent because of the company’s use of all females to despatch and haul fuel to
mining and construction industries in Ghana. Although, through the intervention of this project,
the Ghanaian fuel logistics industry and the entire society can now embrace the idea that driving
heavy-duty trucks is not only bound to men, however, the prioritization of women as the symbol of
positivity for the industry does not provide a definite resolution to the disproportionate
representation of women in the industry and their conclusion suffers two censures. Similar to the
case of the “Women Moving the City” project, this project portrays a circumventive discourse of
discrediting male truckers in the fuel logistics industry. Since it is a male-dominated industry, the
existence of thievery does not suggest that male drivers are the problem and female drivers are the
solution. A scientific justification is required to substantiate such claims and since these
justifications are non-existent, it is evidently prejudicial to ascribe high integrity to one sex and
corruption to the other. Following from the previous point, the correlation between women’s
attributive features (caring, cautious and protective) as suggested by the project CEO and the
absence of fuel theft is not satisfactorily established. This causal fallacy, non-causa pro causa, “not
the-cause for a cause”, indicates the causal establishment as one without enough evidence. More
empirical cases and research need to be conducted to ascertain the certainty and level of
correlation.

An argument can be advanced against this essentialization assertion in the sense that in a
situation whereby male heavy-duty truckers are trained in similar ethical standards, theoretical
and practical training equally as their female counterparts, similar results could be achieved.
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In Ghana a high number of truck drivers acquire their skills through informal training, the “driver
and mate (trainee) system” where the trainee acquire their skills on the job without going through
complex educational and formal training system. Overgeneralisation and stereotypes in gender in the
bid to achieve parity actually weakens the goals of the initiatives within the commercial transport
industry in Ghana. The projects should aim at focusing on strategies that will make women and men
benefit equally without exaggerating or demeaning the other. Since women are disproportionately
represented in the industry, improving the conditions of the minority who are already in the industry
can attract others who do not see the opportunity of making a career out of trucking.

6. Conclusion

The study established the explanatory discourse and review between the theoretical
assumptions of ecofeminism and the gender mainstreaming projects in the Ghanaian commercial
transport and logistics industry. Acknowledging the male-dominance of the industry, the two
projects aimed to alleviate the disproportionate representation of women and fuel theft in the
transport and storage industry. Using a deductive method of reasoning, the study described and
explained the objectives and activities of the projects from the cultural ecofeminist perspective and
a thorough critique of the projects.

The global distribution of females’ representation in the bus and the heavy-duty trucking
industry is comparatively low to males. The masculinity within the industry stands out as the
product of the institutionalized socio-cultural norms that alienate women from becoming
professional bus and truck drivers. Mainstreaming gender equality is, therefore, the answer to the
disparities in the Ghanaian transport industry. With the “Women Moving the City” project, the
enormity of the impact has been estimated to be huge from fuel and life to spare-parts savings.
Also, the female truckers in the “Women Moving Trucks” project have eliminated the problem of
fuel theft in the logistics industry. However, the essentialism of “feminine driving style” and
denigration of males’ drivers as aggressive suffers the problems of generalization, illogicality and
reverse asymmetries of power within gender. Instead, priority should be accorded to the utilization
of individual and collective strengths without any form of alienation or denigration. Much
awareness about gender equality within the industry need to be raised, building self-confidence
and expanding choices, increasing people’s access to and control over resources. Through this,
we can work towards mutual goals of gender equality.
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Analysis of the Formulas for Calculating the Axial Load on the Head Balancer
of the Rocking Machine, Created by Pump Rods Made of Fiberglass. Comparison
of the Obtained Results with Steel Pump Rods

Artem A. Kozhevnikov 2"

aJzhevsk State Technical University named after M.T. Kalashnikov (Kalashnikov ISTU),
Russian Federation

Abstract

The determination of the axial load on the balancer head of the pumping unit is made
according to the static and dynamic theories. The boundary between them is the interval
(transition zone) of the Cauchy parameter. Calculation of loads is presented according to theories:

« Definition of loads by the formulas I.M. Muraveva (static theory);

« Definition of loads by the formulas A.S. Virnovsky;

« Definition of loads using simplified formulas A.S. Virnovsky;

» Determination of the maximum load using the empirical formula Adonina A.N. (dynamic
theory);

« Definition of loads by the formulas Charny I.A. (dynamic theory).

The following is a calculation of the stresses generated in steel and fiberglass sucker rods.

Based on the data obtained, an analysis was carried out, from the point of view of
applicability, of fiberglass rods in comparison with steel rods.

Keywords: fiberglass sucker rods, steel sucker rods, stress state, static theory, dynamic
theory, reduced voltage, amplitude voltage.

1. BBengenue

CHm>xeHHe  TIPOM3BOJICTBEHHBIX  HHEPreTUYeCKUX  3aTpaT CTAHOBUTCA  OCHOBHBIM
WHCTPYMEHTOM COXPAHEHUS IIOJIOKUTEJIbHBIX IIOKasaTeJed SKOHOMHYECKou 3(deKTUBHOCTH
HedTeA0OBIBAIOIINX MPEANPUATHH. B CBOIO OoYepenb OJJHUM K3 METO/IOB CHUKEHHS YAETbHBIX
3aTpaT OCTaeTcs IpPUMEHEeHNe HWHHOBAIMOHHOTO O0OpYZ0BaHUsA, IO3BOJIAIONIETO IIepPEBECTU
KJII0UEeBbIE ITPOU3BO/ICTBEHHBIE IOKA3aTeId U3 YOBITOYHBIX B TPUOBbLTbHBIE (MOKpYIIINH, 2015).

B Hacrosmieil craThe paccuMTaHbl TIOKa3aTeNH, BJIUAIOIIMAE, TJIABHBIM 00pa3oM, Ha
JHepreTHYeCKHe 3aTpaThl Ha TNOABEM CKBAXKMHOW HpOAYKIWH. B pesysbTare BHeAPEHHs
CTEKJIOIJIACTUKOBBIX HACOCHBIX IIITAHT B3aMeH CTaJIbHBIX, BO3MOKHO 3HAUMTEJIbHO CHU3UTH
3aTpaThl Ha J00bIYy HedTH, a TAKXKE YBEJIUUYUTb MEKPEMOHTHBIH MEPUOJ] CKBAXKUH 3a CUEeT
CBOMCTB CTEKJIOIJIACTHKA.

Ot cranzaptHOli HacocHod mtaHru (IITH) crexnomnactukoBas HacocHass mranra (IITHC)
OTJINUAaeT CTEKJIOIJIACTUKOBOE WCIIOJITHEHME Tejia IITAHTU — OCHOBHOTO MO Macce U CamMoro
BbICOKOHarpy:keHHoro ayiemeHnTa (I'OCT P 51161-98, 1998).

* Corresponding author
E-mail addresses: artekof.one@gmail.com (A.A. Kozhevnikov)
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[TprMeHeHME CTEKJIOIUIACTHKA B KOHCTPYKI[UM INTAHTHU HeceT B cebe psf, IIPEUMYIIECTB.
ITepBoe U3 HUX — CHI)KEHUE Beca IITAHTOBOM KOJIOHHBI 3a CUET NMPUOJIU3UTETBHO B TPU pasa
MeHbIIIel IIJIOTHOCTH MaTepuasia B CPaBHEHUM CO CTaIbl0. biiarosiaps BBICOKOM KOPPO3MOHHOM
croiikocTH creksomtactuka IITHC MOXKHO SKCIUIyaTHPOBATh JlaXke B BHICOKOATPECCHBHBIX CPeZaX.
Tax:ke OHU XapaKTepU3YIOTCA HU3KUM KO3 UIIMEHTOM MHUKDPOIIEPOXOBATOCTH IOBEPXHOCTH U
HU3KOH TEIJIONPOBOIHOCTRIO. [TocieiHee obecrieunBaeT 3HAUUTETHLHO MEHbIIIEe 110 CPABHEHUIO CO
crarpHbIMu [[IH wHamumanue acdanpreHocMosonapadguHoBbix omnoxkeHudn (ACIIO) Ha
noBepxHocTh Tesa [NTHC.

BropoueMm, CTeKIOIIACTHKOBBIE IITAHTH TAaKXKe He JIUIIEHBI HEJOCTATKOB, HAKJIA/IBIBAIOIITUX
Ompe/ieJIeHHbIe OrpPAaHUYEHUs HAa WX IpUMeHeHHe. B YacTHOCTH, MakcuMasibHas pabouas
tTeMrnepaTypa npu ucrnosb3zoBanuu IITHC cocrasiseT 100°C, HO 10 TpeOOBAHUIO 3aKA3UYNKA MOKET
ObITh yBenmueHa 10 130°C. B cBoro ouepesp, HeOOJIBIION Bec MITAHT OOYCIaBIMBAET PUCK
IIO/IBUCAHUSA KOJIOHHBI IPU Xo/ie BHU3. Kak ciescTBUe, CylIecTBYeT HEOOXOAMMOCTD YTsXKeJIeHUs
HU3a KOJIOHHBI OOBIYHBIMY CTIBPHBIMU IITaHraMu. Takke orpaHudeHo ucrosbzopanue IITHC Ha
SMYJIbCHOHHOM GOHZIE — B /JAaHHOM CJIydae BO3MOXKHOCTH IIPUMEHEHHA CTEKJIOIUIACTHKA
ompesiesisieTcsl IO pe3yJbTaTaM MaTeMaTHYECKOTO MOJIEJIMPOBAaHUS PabOThl  IITAHTOBOM
IJIyOMHHOW HaCOCHOM yCTaHOBKH.

Emte onuH HEOCTATOK — 3TO HU3KUU MIPEZIEsT CTOMKOCTH K HarpyskaM Ha KpydyeHue. B cBa3u
C 9TUM OIIEpalUi IO HCKYCCTBEHHOMY HABOPOTY/OTBOPOTY KOJIOHHBI HACOCHBIX IITAHT IIPU
IIPOU3BO/ICTBE PEMOHTHBIX PA0OT JOJIKHBI OCYIIECTBIIATHCS ¢ 0COO0H OCTOPOKHOCTHIO.

2. MaTepuaJjibl 1 METOAbI

OmpesiesieHre 0CeBOUM HArpy3KH Ha TOJIOBKY OajlaHCHpa CTaHKa-KadaJIKU ITPOU3BOUTCS I10
CTaTUYEeCKON W AuHamudeckod TeopusM. CoriacHo wuccaezoBanusasM A.H. AmonuwHa rpaHwuia
MEJK/Iy CTaTUYECKUM U JTUHAMUUYECKUM PEKUMOM OTKAaUKH HAXOJUTCS B WHTepBase (Iepexo/iHast
30Ha) napaMmetpa Kormu (AnoHuH, 1964):

H=—
a

Ta6auna 1. Mcxoausie gauusie (I'OCT P 51161-98, 1998)

3HaueHUs Uit | 3HadyeHUuA I

ITokaszaTesnb CTAJIbHBIX CTEKJIOIJIACTUK En. uamepenus
IITAHT OBBIX IIITAHT

I'siy6rHa ciycka Hacoca , L 1000
Bricota JUHAMHIYECKOTO
ypoBHs, h, 960
Jnamerp 1yH:kepa, Dux 56 MM
Mopysns ynipyrocru, E 210 000 | 50 000 MIla
JluameTp mtanrd, dug 22 MM
Bec moronHoro metpa, q. 3,14 | 1,2 KI/M
IyybuHa cmycka 10H CTyIEHH,
L, 300 M
Jnamerp mrTaHry du. 19 MM
Bec nmoronHoro meTpa, g- 2,35 | 0,9 KI'/M
I'ybuHa crycka 20U CTyHeHH,
L, 700 M
ITJI0THOCTB KUJAKOCTHU, Py 880 Kr/M3
I1710THOCTH HITAHTH Puy 7850 | 2000 KI'/ M3
Iuxinyeckast 4acToTa, 0 1,26 c!

Pacuer oceBoit Harpys3kKu, cosnaBaeMof/i Ha T'OJIOBKY 6aJIaHCI/Ipa CTaHKa-Ka4YaJIK1 CTaJIbHBIMH
HAaCOCHBIMHU IITaHTaMH.
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1. Onpepenenue napamerpa Komu:
L= w-L _ 1,26-10002 0,243
a 5172

E 21:1010
I'mea= o= a0 5172 M/c — cKOPOCTb 3BYKa B IIITAHTAX U3 CTAJIN.
Omnpenenienre Harpy3ok 1mo popmysiam .M. MypaBbeBa (cTaTUdeckas TeOpHsi)

2, Bec crosba KUIKOCTH HAJT IUTYHKEPOM:
pP.=F, -(h,-p,.-g+P,)=0,785 0,056 - 960-880-9,81= 20402 H
3. KoaddurueHT ob61erdyeHrst KOJIOHHBI IITAHT B JKU/TKOCTH:
=1L 1880 _gggg
Pu 7850

4. daxTop AMHAMUYHOCTH [6]:
moSant 39 4.5

1440 1440
5. Bec KOJIOHHBI IITAHT B BO3/IyXeE:
P, =(@-L+0,-L,)-9g=(314-300+2,35-700)-9,81= 25378 H
6. MaxkcuMmasibHas Harpy3kKa Ha IITaHTU:
P«x=P.,+P, (b+m)=20402+25378-(0,888+017)=47218H
7. MuHuMa/IbHAsI Harpy3Ka Ha IITaHTH:

P..=P, (b—m)=25378.-(0,888-017) =18251H

Omnpezesnenue Harpy3ok 1o ¢popmysnam A.C. BupHOBCKOro

8. Bec KOJIOHHBI IITAHT B KU/IKOCTH:
P. =P .(1-%"*)-25378.0888=225341
9. Bec cTos16a XKUKOCTU B KOJIBLIEBOM IIPOCTPAHCTBE:
P;,C =(F,-f,) p,. 9-L=0785- (0,056 — (1,98-107%)?) -880-9,81-1000=18604 H
10. [nomaapr NoOnepevuHoro ceueHus ITaHT:
1 1
f = = =3,07-10"* »°
wm.cp £, .\ £, 0,3 . 017 M
f . f_, 0785.0022° 0,785-0,019°
11. Cpenguuil fuaMeTp IITaHT:
f e
d,_ =./—2% -198-10° m
@ 0,785

12. YyinHeHe KOJIOHHBI IIITAHT OT Beca CToJI0a YKUIKOCTHU

P _-L .

L 260403 1000 0317

E-f, 21.10°-10°-3,07-10
13. [Tomap BHyTpEHHET0 KaHaia Tpyo:
F,, =0,785- 0,051 =20,42-10™*
14. KoaddumnuenT n3ameHeHus cedeHUs MOTOKA KUJKOCTU IIpU IlepexoJie OT Hacoca B

TPYOBI:

F_—f . 2y _
g mom e (0,785-0,0567) — 3,07 _124

Fop = fume 20,42 -3,07
15. KoaddurueHT oTHOIIEHUS IIOMIA/IeN:
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f
o= mp _ 7,84 0719
fmp +f, 784+307
16. MaxkcumasibHas Harpy3ka (OpkuH u 7p., 1967):

2
P =P+ Py a0 [T 0B, 10306 P) o,
3 dmm g SA

2. 2.
+a12a) S {al— /1"""]{ —%]Pmm=20402+22534+%-1,1-0’056- 12673

2. ?-S, 0019 | 981

1,262 -3 2-0,317
-10,9 - X
2-981 0,719-3

><(25378+0,3-1,24-18604)-\/09 onw% 117 .

[l— %ﬂ 25378=63732H

17. MwunumasnbpHada Harpy3Ka

V @Sy
2
x[l—ﬂ:l P, —22534—— 0,73. 0056 1,26 \/156 0719—% 25378—
2 3 0, 019 9,81 3

2
-0,73. 126 -3 {1,56 2: 0317} [1 07219} 25378=7088 H

2-9,81 0,719-3

Omnpenesnenne Harpy3ok 1o yrnpomiéHHsiM ¢popmysaMm A.C. BupHoBckoro
18. MakcumasipbHas Harpyska:

P. =P, +P, +0,011.d£-n P, -Jo-S,—4,, +1000=

wm

=20402+ 22534+ 0,011- 0,056
0,0198

.9.25378.,/0,719-3-0,317 +1000=53589 H

19. MwunumasibHas Harpys3Ka:

P :P;M —O,Oll-dL ‘n-P,-\J¢-S, -4, —1000=7088H
Oupenenenue Harpy3ok no ¢popmynam V.A. YapHoro (IuHaMUYecKast TEOPUS)
20. KoaddurueHnT, yauTbiBaronyuii BUOpAIUio KOJIOHHBI IITAHT:

w-L _ M -180  0,243-180

Mo = ~14,73
a 31416 31416
tg14,73=0,263
21. MaxkcumasibHas Harpyska:
2 2
P =P, +P, -|b+ SN 19 | _ 20402+ 25378.| 0,888+ >0 . 2253\ _ 46430
1800 u 1800 0,243
22, MwunumasibHas Harpy3Ka:
po—p oSN 1 jg030y
1800 y7i

OmnpenesneHre MakCUMaJIbHONW Harpy3ku 10 sSMnupudeckoil dopmysne A.H. AnmonHuHa
(mmHaAMITYecKas TEOPHUS)
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23. Kunematuueckuit koapdunmeHr:

1+L
L

m=——===1596

,/1—(;)2

24. MaxkcumasnibHas HarpysKa:
m-r- nz,z4—o,33-1o*3
PmaX:PW+Pu4n1+(Pmm+g'ch). 900 +2500.S:

=20402+ 25378+ (25378+1,24-20402) -

Pacuer oceBoil Harpyskwu,

16-1,2-9*°

CTEKJIOIIJIACTUKOBBIMH HACOCHBIMU IITAHTaMH.

1.

w-L 1,26-1000
/u: =

E 5-1010
T'nea= B = (000 = 5000 M/c — CKOPOCTB 3BYKa B IIITAHTaX U3 CTEKJIOIIACTUKA.

OmpenesieHre Harpy3ok 1mo popmysiam V.M. MypaBbeBa (cTaTUdeckas TeOpHsI)

Oupenenenue napamerpa Kormu:

=0,252

a 5000

2. Bec croba KUIKOCTH HAJT IUTYHKEPOM:
P.=F_ -(h-p,.-9+P,)=0785 0,056 -960-880-9,81= 20402 H
3. KoaddunueHnt ob61eryeHns KOJIOHHBI IITAHT B XKUKOCTH:
p=1- Py 880 456
Pu 2000
4. ®akTOp INHAMUYHOCTU:
. 2 . 2
m=>a 39 447
1440 1440
5. Bec KOJIOHHBI LITAHT B BO3/AyXe:
P,=(@-L+qd,-L,)-9=(2-300+0,9-700)-981=9712 H
6. MaxkcuMmasibHas Harpy3kKa Ha IITaHTH:
P=P.,+P, -(b+m)=20402+9712-(0,56+017) =274918 H
7. MuHuMaIbHAA Harpy3Ka Ha HMITAHTU:
P..=P, (b—m)=9712-(056-017) =3787,7 H
Omnpeznenenue Harpy3ok 1o ¢popmysnam A.C. BupHOBCKOro
8. Bec KOJIOHHBI IITAHT B KU/IKOCTHU:
P =P .(1-P*)-9712.056=54387 H
9. Bec cTos16a KUAKOCTU B KOJIBIIEBOM IIPOCTPAHCTBE:
P;,C =(F,-f,) P, 9-L=0785- (0,056° —(1,98-107%)%)-880-9,81-1000=18604 H
10. [Inomaapr NonepevuHoro ceueHus ITaHT:
1 1
f = = =3,07-10"* »*
wm.cp £, g, 0,3 0’7 M
+ +
f f 0,785-0,022° 0,785-0,019

wm.1 wm.2

+2500-3=56910H

CO3/1aBaeMONl Ha TOJIOBKY OajlaHCHMpa CTaHKa-KadyaJKh
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11. Cpeanuil AuaMeTp IITaHT:
meC
d, _=./——>=198- 1072 m
@ 0,785
12. YyiuHeHUe KOJIOHHBI IITAHT OT Beca CT0JI0a *KUKOCTHU:
P, -L 20402-1000
wm = 6 4 ) :1,33.7‘4
E-f, 5-10°-10"-3,07-10
13. [nomaas BHyTPEHHETO KaHaIa TPYO:
F,, =0,785- 0,051 =20,42-10" m
14. KoadduruenT nusmeHeHus ceueHus MOTOKA KUAKOCTU IIPU IIepexoJie OT Hacoca B
TPYOBI:
F —-f . 2) -
g mom e (0,785-0,0567) — 3,07 _124
Fop = fume 20,42 -3,07
15. KoaddurueHT oTHOIIEHUS TUIOMIA/IEHN:
f
Q= i = 784 =0,719
fp+ fum 7844307
16. MaxkcumasibHas HarpysKa:
2
P3K+P;¢m+l-al-£- L) AP, +03-¢-P,)- ﬂﬂ+
3 dmm g SA
2 2
YA P [ —f}-PW — 20402+ 54387 + +.17. 206, 12673
2-9 @S, 2 3 0,019 9,81
2
><(9712+0,3-1,24-18604)-\/09 0, 719—1—33 1,17 126°-3 -10,9- 2133 X
3 2-9,81 0,719-3
0,719
x|1- — -9712=20402+54387 +541594-60352 = 3065312 H
17. MwunumasibHas Harpys3Ka:
Pmin:Pl A - a) S a, - : A-{az—zvl’“’”}x
@Sy
2
<(1-21.p —5438,7—— 0,73- 0056 126" \/156 0719—§ 9712—-
2 3 0, 019 9,81 3
2
-0,73%- 126°-3 11,56 - 2133 1—w -9712=54387—-33285—-266,65=184355 H
2-981 0,719-3 2
Omnpenesenre Harpy3ok 1o yrnpomieéHHsIM ¢popmysaMm A.C. BupHoBckoro
18. MakcumasibHas Harpy3Ka:

P,=P, +P +0011d£ n-P,-Jo-S,— 4 +1000=

uim
wm

=20402+54387+0,011- 00605968.9 -9712-,/0,719-3-1,33+1000= 293137 H
19. MHHHMaJIbHaﬂ HarpyskKa:
P...= -0,011- d_ N-P, @:-S,— -1000=19657 H
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Onpeznenenue Harpy3ok no ¢dopmynam V.A. YapHoro (fuHaMUYecKas TEOPUI)
20. Koaddunuent, yautpiBaromuii BUOpauio KOJIOHHBI IIITAHT:
_w-L  ©-180 0,252-180 ~14.44

Hum =737 731416 31416
tq14,44 = 0,257

21. MaxkcumasibHas HarpysKa:
2 2
Po=p +pP, |bs> O | 9040049712 056+ 2. 0257 _ 5717785
‘ 1800 u 1800 0,252
22, MwunumasibHas Harpy3Ka:
2
po=p o> O g1
1800 u

OmpefiesieHe MaKCUMaJIbHOM HArpy3kd 1o sMmmnupudeckoir ¢dopmyne A.H. AnonunHa
(mmHAMUYecKas TEOPHUST)

23. Kunematuyeckuit koapdunmeHt:
r
1+ O
m=——=-—=1596
r
1_ )2
()
24. MakcumasipbHas Harpyska:
m-r-n 2,24-0,331072
P.=P.+P, +(P, +&-P,): 900 +2500-S =

1,6-1,2-9*°

=20402+9712+(9712+1,24-20402) - +2500-3=40126 H

Pacuer co3maBaemMoro Hanps>KeHN B HACOCHBIX IITAHTaX U3 CTAJIU U CTEKJIOIJIACTUKA.

Bo Bpems aBoiiHOrO X0/1a (IIMKJIA) HArpy3Ka Ha IITAHTU IlepeMeHHa, I03TOMY IIPU pacuere
IITAHT HA IIPOYHOCTh UCXO/AT HE U3 MAaKCUMAJIbHBIX HaNPAKeHUH, ONpeesIAIoIIUX CTAaTUIECKYIO
IIPOYHOCTh, a W3 <«IPUBEJEHHOrO» HANPSKEHUs, YUYUTHIBAIOLIETO ITUKJINYECKUH XapaKTep
IpWIOXKeHusA Harpy3ku (MmmypsuH, 2014; [TeTpakos u zip., 2016).

ITo ycsmoBusIM pacyeToB, TPOU3BEAEHHBIX PaHEe, MAKCUMAaIbHASI 1 MUHUMAaJIbHAs HATPy3KU
1o Teopuu BupHoBCcKOrO

1) JJ1 cTaibHBIX HACOCHBIX IITAHT Prnax = 63732 H; Pmin = 7088 H.
MakcuMayibHOE 1 MUHUMAJIbHOE HanpsiKeHus (AJTuBepAn3ajie u Jp., 1959):
_max 03732 _ 04 gomm
Omax =7 7= 785-0,0192 4" a
Pmin 7088

= -min = 25,01 MII
Omin = "= 0,785 - 0,0192 a

AMIUIUTYTHOE HAaIpsXKEHUe:
o — Opi 224,89 — 25,01
0, = —= > — = > = 99,94 MIla
IIpuBenennoe Hanpsikenue (IOCT 31825-2012, 2013):
Oup = v/0a " Omax = /99,4 - 224,89 = 149,92 MIla
2) JlJ1s1 CTEKJIOIIACTUKOBBIX HACOCHBIX IITAHT Prax = 30653,12 H; Pmin = 1843,55 H.

MaxkcumanpbHOE 1 MUHUMAaJIbHOE HaIIpAXEHUA:

_Pua_ 3065312
Omax = "= 0785-0,0192 a
P, 184355
Omin = 7= 785 - 0,0192 a

18




The History of Land Transport, 2019, 5(1)

AMI'I.TII/ITy,lIHOG HaIIpAXEHUE!:
_ Omax — Omin _ 108,17 — 6,5

o, = > > = 50,84 MIla

HpI/IBe}_IEHHOE HaIlpAXKEHUE:
Oup = [0a " Omax = /50,84 - 108,17 = 74,16 MIla

3. PegyasTaTsl

Ta6smna 2. Pe3ybpTaThl pacyeTa 0ceBOU HArpy3KU 110 IPUBEIEHHBIM TEOPUAM

ITokazarenu Cranb CrekJioniacTuk
Bec mrrasr B Bo3ayxe, H 25378 9712
Bec mrtaHr B :xugKocTH, H 22534 5438
MakcumMasibHast Harpy3Ka Io craTuueckoi Teopuu (popmysna Y1.M. MypaBbeBa)
Pmax, H 47218 27419,8
Pmin, H 18251 3787,7
Harpysku o popmynam A.C. BupHOoBcKoTO
Pmax, H 63732 30653,12
Pmin, H 7088 1843,55
Yupoménnsie dopmysbl A.C. BupHOBCKOTO
Pmax, H 53589 29313,7
Pmin, H 7088 1965,7
MaxkcuMayibHasi 1 MUHUMAaJIbHAsA Harpy3KH Ha OCHOBE JUHAMHUYECKON TeOpHH 1o (opMysiam
N.A. YapHoro
Pmax, H 46439 27177,85
Pmin, H 19030 4101
MakcuMasibHasi Harpy3Ka Ha OCHOBE IMHAMUUYECKON TEOPUHU 110 aMIupudyeckoi dopmyie A.H.
AjoHnHa
Pmax, H \ 56910 \ 40126

Taosmuia 3. Pe3ysibraThl pacueTa HaIPSKEHHOTO COCTOSTHUSI HACOCHBIX IIITAHT

IlokaszaTenu Crainb CTeKJIOIIaCTUK
Prnax, H 63732 30653,12
Pin, H 7088 1843,55

Omax> MITa 224,89 108,17

Omin, MIIa 25,01 6,5
,, MIla 99,94 50,84
Opnp, MITa 149,92 74,16

4. 3akJaoueHue

Hcxozsa U3 MoIydeHHbIX PE3YIbTATOB, MOKHO C/IeJIaTh BBIBO/I:

1) Bec cTeKJIOIIaCTUKOBBIX IITAHT B BO3/AYXE B 3 paza MEHbIIIE, YeM BEC CTAJIbHBIX IIITAHT;

2) Bec CTEKJIOIIACTUKOBBIX IIITAHT B )KU/IKOCTU B 5 Pa3 MEHbIIIE, YEM BEC CTATbHBIX IIITAHT;

3) IlomyueHHoe B pe3yJbTaTe paCcYeTOB IPUBEAEHHOE HAMPSIKEHUE Y/IOBJIETBOPSIET
ycrioBuIo, Kak fyis cranu ([o] = 160 MlIla) , Tak u uia crexnomnactuka ([o] = 120 MIIa): oy, < [0]

4) IIpuMeHeHHWe  CTEKJIOIUIACTMKOBBIX  HACOCHBIX  IITAHT  IIO3BOJIAET  IOHU3HUTH
SHEPromoTpebIeHre 3a CUeT CHIKEHUs Harpy30K Ha CTaHOK-KadasKy. biiarogapsi MeEHbIIEMY BECY
IITAHT CHUKAETCS IPHUBEIEHHOE HANPsIKEHNE B IITAHTOBOM KOJIOHHE, YTO MO3BOJISIET OTKA3aThCS
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OT HCIIOJIb30BaHUS CIIE[UAJIbHBIX HACOCHBIX IITAHT, PACCUMTAHHBIX HA BBICOKOE IPHUBEJEHHOE
HalpsKeHHe.

5) IlpuHuMass 3a OCHOBY HAarpy3Ky, paccuutaHHyoo mo d¢opmynaMm A.C. BupHoBckoro,
MO’KHO CKa3zaTh, YTO HaumOoJiee OJM3KHWe 3HA4YeHUs IO Pmax JaeT ympolneHHas ¢GopMysia
A.C. BupHOBCKOTO, 1O Prin Hambosiee OiM3KWe B3HAUYEHUs [AIOT YIOpoIleHHas dopmysia
A.C. Bupnosckoro u ¢opmyia .M. MypasbeBa.

OneHuBasg TPYyAOEMKOCTb pacyeToB, CJIelyeT OTMETUTb, YTO /Il OII€HOYHBIX,
MIPUOJIMKEHHBIX PAaCYeTOB CJIEAYET MOIb30BAThCA (GOPMYION I Pmax ¥ Pmin I.M. MypaBbeBa,
aad KOHCTPYKTODCKMX WJIM TOYHBIX TEXHOJIOTUYECKUX PpAaCueTOB CJIeJlyeT I10JIb30BAThCA
dopmynamu A.C. Bupnosckoro win A.H. Anonnna (Byxanenko, 1990; HukuieHko, 2008).
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Ananus ¢GopmyJ pacuera 0CceBOil HATPY3KHU Ha TOJOBKY Oa/IlaHCHPA CTAHKa-KAYaJIKH,
CO3aBa€MOM HACOCHBIMHU IITAHTAMH U3 CTEKJIOILIACTHKA. CpaBHEHHE IOJIyYE€HHbBIX
Pe3yJIbTaTOB C HACOCHBIMH IITAHTAMHY U3 CTAJIH.

Aptém AstekceeBud KokeBHUKOB 2"

a l>xeBCKUH TOCYZJapCTBEHHBIN TexHHUeckuil yauBepcuter uMenu M.T. Kananraukosa,
Poccuiickas ®eneparnus

AnHoTtamuAa. OmnpesesieHHe OCEBOM HArpy3Kd Ha TOJIOBKY-OQIAHCHUD CTaHKa KadyaJIKU
MIPOU3BOIUTCA 110 CTATUYECKOU U IMTHAMUYECKOU TeopUsaM. I'paHuIlell MeKay KOTOPBIMHU SIBJIAETCSA
nHTepBaJs (mepexoiHas 30Ha) napaMmerpa Kormu. PacueT Harpy3ok mpezicTaBiieH 10 TEOPUAM:

* OmpesniesieHue Harpy3o0k 1o dopmystam .M. MypaBbeBa (cTaTUdecKkas TeOpHsi);

* Onpezesenne Harpy3ok o ¢popmysaam A.C. BUpHOBCKOTO;

* OnpeJiesieHHEe HArpy30K M0 yIIpoléHHbIM ¢dopmyaaMm A.C. BupHOBCKOro;

* OmnpesiesieHHe MaKCHUMaJIbHOM Harpy3ku Mo sMmnupudeckou ¢opmysie A.H. AzmoHuHa
(nTmHaAMMUYecKas TEOpHU);

* Onpenenenue Harpy3ok o dopmynam U.A. YapHoro (IuHaAMUYeCKas TEOPUI).

Jlanee mpejiocTaBjieH pacyeT HaUpsKEHUH, cO3/1aBaeMbIX B HACOCHBIX IITAaHTaX M3 CTaIU U
CTEKJIOILJIACTHKA.

Hcxona w3 NOJIydeHHBIX JIaHHBIX, NPOBEJIEH aHAIN3, ¢ TOUYKU 3PEHUs NPUMEHHUMOCTH,
HACOCHBIX IIITAHT U3 CTEKJIOIUIACTUKA B CPABHEHUH C HACOCHBIMU IITAHTaMU U3 CTAJIH.

KiioueBble cj10Ba: CTEKJIOIJIACTUKOBbIE HACOCHBIE IIITAHTH, CTAJIbHbIEe HACOCHBIE IIITAHTH,
HalnpsKeHHOE COCTOSIHWE, CTaTHU4ecKas Teopus, JAUHAMUYecKas TeopusA, INPUBEJIEHHOe
HaIpsKeHue, aMIUIUTYAHOe HalpsKeHue.

* KoppecnnoHAUPYIOLIUHI aBTOP
Anpeca 3sekTpoHHOU mouthl: artekof.one@gmail.com (A.A. KokeBHUKOB)
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Lubrication System for In-line Engines with a Capacity of 1000 ... 1200 hp
Evgeny O. Vitsin 2-*, Boris Ya. Bendersky 2

aJzhevsk State Technical University named after M.T. Kalashnikov (Kalashnikov ISTU),
Russian Federation

Abstract

In this article, methods for reducing the thermal stress of the piston of an internal
combustion engine were disclosed. An informational review of this topic was made, and in
particular, an analysis of existing piston cooling systems and ways to improve the cooling efficiency
was carried out. The choice was made the most efficient method of cooling. It also describes the
device of the piston cooling system, as well as modern approaches to solving this problem.
Calculation schemes for piston heat exchange and a scheme for changing the oil temperature on
the piston surface and the irrigation density depending on the angle of rotation of the crankshaft
are presented. The essence of oil cooling using a jet nozzle is described. The piston cooling has been
calculated for the KamAZ six-cylinder in-line engine, from which it follows that 0.6 1/min is needed
to cool one piston, certain conclusions have been made.

Keywords: oil cooling, piston, nozzle, thermal stress, engine.

1. BBegeHnue

dopcupoBaHue ABUTATENSA HAJJAYBOM COIPOBOXKJAETCSI POCTOM TeMIEpPATyphl JTHHUIIA
TIOPIIHA, €r0 TEPMOHANPSKEHHOCTU. B pe3ysbrare CyIecTBEHHO MOHUKAETCs €ro IMPOYHOCTb,
YXYAIIAIOTCSA YCJIOBUSA CMa3KW, a y JABUTATeJed C BHEIIHUM cMeceoOpa30BaHUEM IIOBBIIIAETCS
OTAaCHOCTh JIETOHAIMOHHOTO CcropaHus. BooOmie, /s yjaydIleHHUs TMpoliecca CrOpaHUsA
TEMIIEPATyPy AHHUINA TOPIIHSA I1eJIeCO00Pa3HO IMOBHIIIATh, KOHEYHO, ZI0 ONPEEIEHHOTO YPOBHS,
Ipu 5TOM 00eCIeYnBaeTCsl TaKXKe CXKHUTaHUE OTJIOKEHUU MPOAYKTOB HEMOJIHOTO CrOPaHUSA
TOIUTMBA U MacJjIa, OJHAKO ITPOUCXO/IUT CHIKeHUe KoaddurnenTa HanosHeHus (TemmepaTtypHbie
YPOBHH).

JI715 CHUKeHUs TEPMOHAIPSKEHHOCTU MPUMEHSIOT CJIEAYIONINE METOIbI:

1) OTBoJ Temia OT HUIIA TOPIITHA B CTEHKH ITUIMH/IPA Yepe3 MOPIITHEBBIE KOJIbIA U F0OKY;

2) OTBoJ Tem1a JKUAKOCTHIO, IOJIBOAUMOMU K JTHUIILY ITOPIIHS;

3) IlpumeHeHMe HAKJIQJIOK Ha JHUIE U3 KAPOYIMOPHBIX UyryHAa WJIM CTAIU C HU3KUM
K03¢hGUIMEHTOM TEIJIOITPOBOHOCTH.

Y ABC c HaamyBOM IepBBIM croco0 OOBIYHO MPUMEHsSeTCS JUIS aJIOMHUHUEBBIX IMOPIITHEN
yBeJIMUEeHNEM CeueHUU uxX Kopiyca. [Ipu BTOpoM criocobe MpUMEeHSIOT 00BIYHO Macjo, pexe —
BoAy. VI3BECTHO, UTO KpYyHIHBIE CY[OBBIE JABYXTAKTHbBIE JM3EJU MPUHIHUIHUAIHHO BCET/Ia UMEIOT
cUcTeMy OXJaKIeHusl ImopirHell. Ho Jiérkue OBICTPOXOJIHBbIE JIBUTATEM TaKOW CHUCTEMOM, Kak
MIpaBUJI0, He ocHamawTesA. OTHAKO ¢ MpUMeHeHUeM TYpOOHA//lyBa B aBTOMOMJIBHBIX JIBUTATEJISAX,
MOSIBUJIACHh HEOOXOIUMOCTD TAKOTO OXJIaXKAeHUs (AHYpbEB, 2001).

* Corresponding author
E-mail addresses: e.vitsin@mail.ru (E.O. Vitsin), bib@istu.ru (B.Y. Bendersky)
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Temneparypa MNOpIIHA W LIWIMHAPA — BaXKHBIM IapaMeTp /AJiAd SKCIUIyaTallUOHHOU
0e30MacHOCTH W CpoKa Cay»kObl. [IMKOBbIe TeMIepaTyphbl BBIXJIOITHOTO Ta3a, JAasKe eCJId OHU
JIEUCTBYIOT KOPOTKOE BPEMSI, MOTYT JJOCTUTHYTH O0JIbIle 2,200°C. TeMmnepaTypbl BEIXJIOITHOTO ra3a
BapbUPYIOTCA MEXAY 600 K 850°C 71 AU3eTbHBIX IBUTaTeNel, 1 800 K 1050°C /1151 6EH3UHOBBIX
npuraresieii (TeMmiepaTypa IOPIITHA).

TemmepaTtypa cBexeill cMmecu (BO3Iyx WM cMech) MOXeT ObITh 0Oosie 200°C s
TypOMPOBAaHHBIX ABUTaTeel. VIHTEPKY/UIEphl HA BIIyCKE YMEHBINAIOT TeMIepaTypy A0 40—-60°C,
uTO obOecrieunBaeT JIydlliee 3aroTHeHNe KaMePhl CTOPaHUsl, TaK YK€ UCI0JIb30BaHUE BIIPHICKA BOJO-
MeTaHOJIa JJaeT XOPOIIINe TT0KA3aTeN Ha BIyCKe.

N3-3a TEII0€eMKOCTH, TOPIIHSA W APYTHX YacTedl B KaMepe CropaHus HEeBO3MOKHO TOYHO
OIIpeZIeJIUTh TeMIIEpaTypHble KosiebaHus. Ho Bce ke MOXKHO yTBEpIK/IaTh, UTO €CTh HeOOJIbIast
aMIUIUTYyZa U3MEHEHUs TeMIlepaTypbl HMOPIIHA XOTh U B HECKOJIbKO T'PaJyCcoOB, B 3aBUCUMOCTU OT
TaKTa, BITYCK 3TO WJIN pabourii XoA. /[HHIIle TOPIITHS IEPBBIM ITOABEPTAETCS HATPEBY PacKaIeHHBIMH
ra3aMu | TOIJIOIIAeT Pa3JIMIHOE KOJIMYECTBO TeIIa, B 3aBUCUMOCTH OT TaKTa, 000POTOB JABUTATEIIS
Y Harpy3Kd. Bpicokas TemmepaTypa B MIEPBYIO OuYepellb OTBOAUTCS Uepe3 IOPIITHEBbIE KOJBbIA K
CTeHKaM ITWJIMH/IPA, U B MEHbIIIEH CTeleHH, I00K0H nmopiHs (MapTbiHeHKo, 1987).

2. Pe3yabTarsl

NuadopmannoHHBIA 0030P

Pasbupas camble Harpy:KeHHbIEe TeMIIepaTypHble 00JIaCTU MOPIIHS, CJIeJlyeT OTMETUTD, UTO
OHU PA3JINYHBI /jI1 PA3HBIX TUIIOB MOPIIHEN U 3aBUCAT OT UX (POPMBI U MaTepHasa, U3 KOTOPOTO
OHU U3TOTOBJIEHBI.

TeMmneparypHble YPOBHU U paclipe/ieJieHUe B MOPIIHE 10 CYIIECTBY 3aBUCAT OT CJIEAYIOIINX
I1apaMeTpOoB:

1) Tun ppuraresist (OeH3UH/qU3€Ib);

2) Yucsto TakTOB (YeThIpeXTaKTHBIN /IByXTaKTHBIN);

3) [Iportecc cropanus (IpsAMO# BIIPHICK/OOBIYHBIN BIPBICK);

4) Pesxum nBuraTes (CKOpOCTh, BpaIAIOIIN MOMEHT);

5) OxnakaeHue auraresisi (Boia/Bo3/yx);

6) dopma OPIITHSA U TOJIOBKU NIJIMH/IPA (MeCTOIOJIOKEHHE U YUCJIO Ta30BbIX KAHAJIOB
Y KJIATIAaHOB, TUII ITOPIITHS, MaTepHUaJ MOPIIHA);

7) JlomoJTHUTETbHOE OXJIK/IeHUE TIOPIIHA (€CTh/OTCYTCTBYET);

8) HMHTEeHCUBHOCTh OXJaKAeHHsA (paclpLISIOT Macjio Ha IOBEPXHOCTh IOPIIHS,

OXJIQXKIAIONINH KaHaJI, OXJIaXKeH1e 3TOTO KaHajia, U T.J.).

[IpouHOCTH MOPIITHEH, 0COOEHHO U3 JIETKUX CILJIABOB, OU€Hb 3aBUCUT OT TeMIlepaTypbl. OueHb
Ba)KHO 3HATh O BBICOKOTEMIIEPATYPHBIX 30HAX, BOZHUKAIOIIUX B IIpollecce pabOThI, BOZMOKHOM
pacIIupeHuH MeTajlla B 3THUX 00JIACTSAX M CMOXKET JIM TOPIIEHD BbIJIEPKUBATh HAarpy3Ky B STHX
pe’kuMax, OCOOEHHO TIpY BO3HUKHOBEHUU JIETOHAIIMU. XOTb COBPEMEHHBbIE JBUTATElE U
OCHAII[AIOTCA CHCTEMAMU KOHTPOJIS JETOHAIIUM, HO BCe K€ OHA YMECTHA W MOXKET NMPHUBECTU K
CEPBE3HBIM TOCJIEICTBHUAM. BBICOKHE TEIJIOBbIE HATPY3KH BBI3BIBAIOT OBICTPOE CTapeHUE MeTasa
WIN TaK HazbIBaeMas yCTaJoCTh. Yallle BCEro ycTajocTh MeTasla HaOJIlo/laeTcs B COEIUHEHUU
TIOPIITHEBOTO IaJIblla U MOPIIHSA, a TAK)Ke B KAHABKE TIEPBOT0 KOMITPECCMOHHOTO KoJibia (JIazapes,
2011).

UpesMepHO BBICOKas TeMIlepaTypa KOMIIPECCHOHHOTO KOJIbI[a IIPUBOJIUT K Harapy macJja B
KaHaBKe, 3aKOKCOBAaHUIO U BCJIEACTBHE 3ajeTaHUI0. [[oBBIIIaeTcss Harpy3ka Ha OCTaJIbHbIE KOJIbIA
U TepsIeTCS TePMETUYHOCTh KaMephl CrOpPaHusl, Yepe3 KOJIbIIa IIPOPHIBAIOTCSA OTPAaOOTaHHbBIE T'a3bl,
HapyIlasg CcMas3Ky IIOPIIHSA, YTO MPUBOAUT K YBEJIUYEHUIO CHJIBI TPEHUS M elle OOJIbIIeMy
YBEJIMUEHHIO TEMIIEPATYPHI ITOPIITHS, B IIOCJIE/ICTBUY €TI0 3aKIMHUBAHUIO WJIH 3aTUPAM.

Buasl oxyia:kaeHuA MOPUIIHA

CylecTByeT HECKOJIBKO CXEM OXJIAK/IEHUS TTOPIITHA:

1) OxnaxkneHue pa3oppI3TUBAaHUEM
2) OxsakzeHue ¢ IOMOIIbI0 MaC/ITHOU (POPCYHKU
3) MacissHoe OXJIaXKJleHHe IIyTeM LMPKYJIANUU Macja WIM IyTeM B30aJThIBaHUSA

Macsia B OJIOCTSIX TTOPIITHS.
Haunbosiee mepCreKTUBHBIM CIIOCOOOM SBJISIETCS — OXJIQXKJIEHHWE C TIOMOIIBI0 MAaCJITHOM

dopcyHnKku.
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HccenenoBanusiMu, TPOBEEHHBIMHU KaK B HaIlled CTpaHe, Tak U 3a PyOeXOM, YCTaHOBJIEHO,
yT0 5(GEKTUBHBIM CPEACTBOM CHIIKEHUSA TEIUIOHANPSKEHHOCTU IOPIIHA SBJISETCS MaCJISHOE
oxXJIaKIeHue.

Uccrnenys 3aBUCHMOCTh pacxojila Macjia Ha OXJIaKJeHHe MOPIIHS OT CKOPOCTHOTO peXuMa
paboTHI ABUTATEJISI YCTAHOBJIEHO, YTO IIPU CTPYHHOM OXJIK/IEHUU U3MEHEHHE YaCTOThI BPAIlleHUs
KOJIEHYATOTO BaJsia JABMraressa oT 800 10 1700 MuH ™! NPUBOAUT K IOBBIIIEHUIO PACXOZA Macia C
2,4x10-2 1m0 ,056x10-2 T1/c (¢ 1,7 mo 2,8 us/mun). IloBbllleHHEe pacxoyia 0OYCJIOBJIEHO
CYIIIECTBEHHBIM YyBEJIUUYEHUEM WHEPIIMOHHOM COCTaBJIAIONIEN JaBJjeHHs Macja B IMOJBOAAIINX
KaHaJax OT PACKPYTKH KOJIEHYAaTOTO Bajla, a TaKKe YyBeJIUYEHHUEM CKOPOCTH BO3BPaTHO-
MIOCTyTIaTeILHOTO ABMKeHus maryHa (Iletpuyenko, [lerpudeHko, 1979).

Meroauka pacyeTa OXJIaKJeHHs BHYTpeHHeH moBepxHocTu mopinHsa (KaBrapanse, 2016).
BBuay TEIIOHATIPSI?)KEHHOTO COCTOSIHHsI BHYTPEHHEH ITOBEPXHOCTU IOPIIHS, €r0 KOHCTPYKITUS
IoZ[pasyMeBaeT MacJ/ITHOE OXJIaKeHre. BodHuKaeT 3aaua BpIOOpa (pOPCyHKH M pacxoja Maca,
00ecreyrBaIOIIEero OXJIaK/IeHHe TTOPIITHSA Ha PA3JIMYHBIX PEKUMAX pabOTHI IBUTATEIIA.

ToyHass MOCTaHOBKAa MaTEMATHUYECKOW MOJETU OXJIQKIAEHHs IIOPIIHS BIPHICKOM 4Yepes
dopcyHKy Macsia mpezcTaBisieT cOO0U CI0KHYIO 3a1a4y.

BeresictBre 5TOr0o, OCTAaHOBUMCS Ha TOCTPOEHUH YIIPOINEHHONW MaTeMaTHYeCKOU MOJed
TeIIoOOMeHa WPU OXJIaAKAEHUHW TMOpIIHs. IIycTh Ha BHYTPEHHIOIO ITIOBEPXHOCTHh ITOPIITHS,
umMerIiero Temmneparypy T,,, IOJIaeTcsl TOTOK Macjia ¢ TeMnepatypou T, IJIOTHOCTh OPOIIEHHUS
IMoBepXHOCTH (Macca Macya, moJaBaeMasi Ha eIUHUILY IIOBEPXHOCTH B €/IMHUILY BDEMEHH) — M.

3amnuieM ypaBHEHHWE SHEPTHU JJIA Macja, IM0JAaBaeMOro Ha OXJIAKJAeMYK ITOBEPXHOCTD
MIOPIIHSA, TEM CAMBbIM YUTEM TEIJIO0OMEH C TOBEPXHOCTHIO MOPIIIHA U OXJIAXKAI0IIee BO3/IeNCTBIE

noziBoguMoro macia. JluddepennnanpHoe ypaBHeHHE IPU chOPMYIMPOBAHHBIX YCIOBUAX Oy/IEeT

aT 6T
E_a CIU (1)

I'me T — Temmeparypa macia; t — BpeMsa, a — K03(pGUIMEHT TeMIEPaTyPOIIPOBOJHOCTH
MacJa; Z — KOOpJInHaTa, HOpMaJbHas K TEIIOOTAAIONIEN MOBEPXHOCTH, G, — UCTOUHUK TEIJIOTHI
(B IaHHOM cJTyyae MCTOYHHK «XOJIOZA), II0/IaBAa€MOro Macja ¢ TeMmmepaTrypou T,,, MEeHBIIeH, yeM
temnepaTypa nopmHs T, (PucyHoxk 1).

\ AL

\\\

Puc. 1. PacuerHas cxema TeryiooOMeHa IPU ONPHICKUBAHUU ITOPIITHSA

YesoBusIMU OJHO3HAUYHOCTH paccMaTpUBaeMoOH 3a/1auu OyyT:
IlepuogumunOCTH pOILIECCA
T(z,t+ty) =T(z,t) (2)
I'ne t, — mepuoz mporecca;
I'paHUYHbIE YCIIOBUSA: HA TOBEPXHOCTH MOPIIIHSA IIPU Z=0
T=T, (3)
Ha BHelHel TOBEPXHOCTH MACJISTHOH IJIEHKU TEIUIOBOM MIOTOK OTCYTCTBYET, T.€. IIPH Z=0

4=0[(5))z=0 = 01 (@)
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H3MmeHeHne cpefHeld TeMIlepaTypbl IUIEHKH Macja I TeKyIero MOMEHTa BpeMEeHH
npuBeieHO Ha Pucynke 2, a (ITapamoHos, 1980).

oy lw
_

& A 12 P
»

|
]

-
0 X 10 20 360 ¢°

Puc. 2. VI3MeHeHne TeMIIEpATyPhl Macjia Ha IIOBEPXHOCTH MOPIIHSA (2) ¥ IJIOTHOCTH OPOIIIEHUS
(6) B 3aBUCHMOCTH OT yIJIa IOBOPOTA KOJIEHYATOTO Bajia

[Tpu HEM3MEHHOM peXuMe pPabOThI ABUTATEJS U IMOCTOSHHOM IVIOTHOCTH OPOIIEHUS 1h 3Ta
KapTUHA IIOBTOPSETCS Yepe3 KaXK/IbIN MMOJTHBIA 000pOT KosieHYaToro Baja (PucyHok 2, 6), 4to maer
OCHOBaHHE YCPETHHUTH TEMIIEPATypy Macja 3a JAaHHBIH HEPHOJ, T.€. IEPEHTH K PACCMOTPEHHIO He
JIOKQJIbHOM MTHOBEHHOU TemIiepaTyphl T, a cpegHel TeMIepaTyphl

T = %fotz T(z,t)dt (5)

IIpu paccmorpenun cpeanux Ttemmepatyp T mo ycmoBuio (5), umeem 0T/0t=0. Torga
YpaBHEHHE 1 IPDUMET BUJT

a*T .
a=———q, =0 (6)
HcTOYHUK g, TI0 CBOEH MPHUPO/IE €CTh OTHOIIIEHHE TEIJIOThI, BHOCUMOU B €IMHUILY BPEMEHU
Ha OXJIZK/IAEMYIO IIOBEPXHOCTh, K TOMY M3MEHEHUIO TeMIIepaTyphl B IJIEHKE Macja, KOTOpOe OH
BBI3bIBAET
mFcy(Tyy—Ty)
_ p\iw M
=S, /)
IMoxacraBuB (7) B (6) 1 BhIpa3uB KO3(DGUIIMEHT TEMIIEPATYPOIIPOBOIHOCTH Uepe3 a=A/pC,,
TTOJTYYUM
d’T _ M (Tw-TyWcp
dz2 A8 (8)
[Tepeiinem k 6e3pa3MepHBIM BeJIMUMHAM, JJI Yero MIPaByIO U JIEBYIO YacTHU(8) MOMHOKUM HA

62, aus T BbiuteMm Besmuuny T,,. Torma
_ d*(Ty=-T)8* _ M (Tyy—Ty)Cpb>

dz? s A8 (9)
O6o3HaunM 1N=z/06, a KOMILIEKC m;” =St (St-uucio CroHTOHA). CcEeIaHHbBIE
mpeobpa30BaHUs O3BOJIAIOT (8) MPUBECTH K BUY
dze
d_r12 = —St, (10)

rae 6=(T,, — T )/(T, — T,) — OTHOCUTEJIbHAsA TEMIIEPATYPa Macjia Ha IIOBEPXHOCTH HOPIIHA.
B cootBercTBHM C yestoBusamu (3) u (4) mpu =0, 8 = 0, a mpu n=1d06/d n=o.
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JIBakapl UHTErpupysi(10) U coryiacys ypaBHEHM C YCIOBUSIMH OJHO3HAYHOCTH, IT0JIy4aeM
1
0= —3Stn(Z—-n). (11)
OTHOCcUTe/IbHAsI TEMIIepaTypa B CJI0€ OXJIAK/IAIOIIEro Macja, HAHOCHMOIO Ha IIOPIIEHb,
MEHSETCs 110 KBaJPaTUYHOMY 3aKOHY 110 HOPMAJIH K OXJIaK/1aeMOM TIOBEPXHOCTH.

Ompenenum, ucmosib3ysa (11), IUIOTHOCTh TEIJIOBOTO  IOTOKA, OTJAaBaeMoOro B
paccMaTpuBaeMoOM Hpouecce oT oxnamz[aeMof/’I MMOBEPXHOCTHU B MaCJIO:

Gu==AGz=0 = AGDn=o = 257 = $St(Ty — T,). (12)

B cBoo ouepenp, cpemgHee IO OXJIAXKAAaeMOUM ITOBEPXHOCTH 3HaueHHe Ko3ddunmeHTa
TEIUIOOTAAYH

— _  Qw )LSt
a=g2-=7 (13)
IToxcraBus B (13) 3HaueHue uncia CTaHToHA St, nonquM
A= 0 e (14)
=%~ s Mo U4

Takum 00pa3oM, HHTEHCUBHOCTD TEILJIOOTAAYH IIPU CTPYHHOM OXJIXKIEHUH HOPIIHS IPAMO
IIPONIOPIIMOHAJIbHA IUIOTHOCTH OPOIIEHUA U TeIUIOEMKOCTH oXJakjamwlinero macia. duznyeckas
OYEBU/THOCTH IOJIyY€HHOH 3aBUCHMOCTH HE BbI3BIBAET COMHEHUH.

I[TogoOHOTO poOZa paccykK/IeHHus MOTYT OBbITh TIOJIO}KEHBI B OCHOBY IIOCTPOEHHSA
MaTeMaTUYeCKOH MOJIeTd TEIJI00OMEeHa MPH «B30ITBIBAHUH MacJja B rajiepesx NopiIH:A. Pazaura
JIUIIb B TOM, YTO NPUXOJIUTHCS UMETH JI€JI0 He ¢ TOHKOH IJIEHKOM Macyia, B KOTOPOM Iiepejiada
TEIUIOTBI  OOYyC/IOBJIEHA MEXaHM3MOM  TEIUIONPOBOJIHOCTH, a C TOJBHIKHBIM  CTOJIOOM
BBICOKOTYPOYJTU3MPOBAHHOM KUAKOCTH (Macsia).

Mepa TypOyJIEHTHOCTH, B TaKOTO pOAa 3a/JadyaX, MOKET ObITh OIleHEHAa KaK OTHOIIEHHE
TYpOYJIEHTHO KHMHEMATHYECKOU BA3KOCTH K KUHEMATHYECKON BS3KOCTHU JKUJIKOCTH: & = VU;/V.
BennuunHa €, He IOCTOSHHA, TaK Ha caMoU cTeHKe &, = 1 M v, = v, B AJ/ipe IOTOKA & > 1.

B cooTBeTCTBUH € U3JIOKEHHBIM &; MOXKeT OBITh BhIpa)KeHa Kak (GYHKIUs Oe3pa3zMepHOM
MIOTIEPEYHON KOOpANHATHI I]: & = cI)*(rae ¢ u x — sMoupuyeckue KO3POUIUEHTHI).

Jlns peleHuss JAaHHOU 3aJ]auM UCIIOJIb3yeM ypaBHeHHe (6) Ipy TPAaHUYHBIX YCIOBUAX (3) U
(4). IIpu s3TOM HEOOXOTUMO IOMHUTB, UTO IIepeava TEeIIOTHI OCYIIECTBIISETCS HE MOJIEKYJISIPHOM,
a TypOyJIeHTHOM MeXaHU3MOM. B pesysiprare npeo6pa3013aHm?1 MIOJTY UM

a=(1+ M—H)—mcp (15)

OueBUIHO, YTO TPHU MOJIEKYJIAPHOM MeXaHHW3Me IlepeHoca ¢=0 u Pr, = Pr. Ilopsapok
BesinuuH c-0(10%), x-0(1). Ilyers ¢=3-10%, a ®=2. IIpu uucie [panaris Pr=300 u Pr,=0,8 umeem

c Pr, 3-10% 0,8 . .
= (1 + m)—tmcp (1 +55 )ﬁmcp = 26,6mc, (16)

VIHTEHCHUBHOCTD TEIUIOOTAAUU IpU TYpOYJIEHTHOM /IBIJKEHHU B IUIEHKE Macja, T.e. IPHU
WHTEHCUBHOM «B30QJITHIBAHUU» Macjia B 00beMe, 10 KpaliHel Mepe, Ha MOPS/I0K OOJIbIe, YeM B
TOHKUX IUIEHKaX, IZe TypOyJeHTHOCTh ellle He mposBisgercA. A KauyeCTBEHHBIX OII€HOK
WHTEHCUBHOCTH TEIIO0OMEHa MPH «B30aJIThIBAHUH» MacJia MOKHO IT0JIb30BaThCsl GOpMyJIoH (15).
Ilog MIOTHOCTBIO OpOILIEHUA 34eCh cieAyeT IIOHUMaTb m = G ]F , rme G - pacxon macia,
II0/IaBaeMOTO B MTOJIOCTh OXJIAK/EHUS MOPIIH; F- HOBEPXHOCTH TeII00OMeHa.

Takum 06pasoM, HHTEHCUBHOCTb OXJIXK/IEHUE IPU «B30ITHIBAHII» MacyIa

c(G);Pre G
=[1+ x(+1)] PrtF p a7)

Ecnu npu sTom cumrarth, 4TO KO:—)(I)(l)I/ILII/IeHT c=c(G) apnsercsa GpyHKIMel pacxosa Macaa U
ero U3MeHeHHe COOTBETCTBYeT 3aBICHMOCTH, IIPUBEeHHOH Ha pHUCyHKe, To caMa GyHKIuA a = (G)
OyzeT UMeTh MAaKCHMYM, COOTBETCBYIOIINH MaKCUMyMy BEJTUUHHBI C.
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Omar 6

Puc. 3. 3aBucuMocTh K03 DHUIMEHTA TEMJIOOTAAYN OT pacxojia Macjia
HpI/I OXJIAXKAECHU N HOpH_IHH B36aJITbIBaHI/IeM

BBuAy CJIOKHOCTM IIOCTaBJIEHHOU 3a/aud HCCIeyeMas MeTOAUKA CBOJIUTCSA K PpacyueTy
obbemMa Macsia, He0OXOAMMOTO JIJIS OXJIQXKJIEHUST OJTHOTO TIOPIITHS.
Pacuet oxsta:xkaeHusa nopiuHa asurareasa KamA3 P6
HcxonHble TaHHBIE:
JIBuraTesb — pAAHBIN MECTUIIUHAPOBDIH;
Buy oxnaxkieHus mopiiHa — MaciisiHas GOPCYHKa;
¢=3-10* — koadPpunment remwtoemroctu Ix/K;
x=2 — K03 UIUEHT TeNTONPOBOIHOCTH, BT/(M-K);
Pr=300 — uucso IIpaHAT/IA IPU MOJIEKYJIAPHOM MeXaHU3Me IIEPEHO0Ca;
a =37 — cpeaHuii KoadUIUEHT Temonepegaun, Br/m? - K;
¢p =1,7 — yAeIbHAA TEIJIOEMKOCTb Macia, KJx/(kr-K);
Pr; =0,8 — yucsio [IpauaTisa npu TypOyJIeHTHOM TEUeHUH MacJia.
Pacuer:
Pri=0,8a = (1+-5) e, = (1+22%) 2 4ne, = 26,61,
x+1/) Pr 2+1 / 300
a = 26,6mce,
37 =26,6-in-1,7

m=0,81m3/(M? - ¢)
.G
m=—
) F
r7e G — pacxo/ Macsia, oAaBaeMoro B MOJIOCTh OXJIaXK/I€HHUA TOPIIHS;

F — moBepxHOCTH TETII00OMEHA.

G=m-F
G =0,81-0,07 = 0,06 M3/c = 0,6 1/MUH
_ c(G)_Pr.G
a=0+ e F
a=[1+%2] 55 - 1,7 = 0,00001 Br/m? - K

N3 paHHOTO pacyera CJIeyeT, YTO PacXoj Macja s OXJIAKAEHUS OJHOTO TOPIIHS
cocraBiisieT 0,6 Jji/muH. CiieloBaTEIbHO, Pacxof, JUIsi BCEro JBUTATENsI COCTAaBUT 3,6 JI/MUH.
Ha oxyrakzieHmne  psiTHOTO  IIECTUIIWJIMHPOBOTO  JBUTATENsI  TpebyeTcsa  pacxop,  Macia
2,4—4,1 JI/MUH.

3. 3aKjIIoueHue
[IpoaHaIM3UPOBaB Pe3yIbTAThHI UCCIIEIOBAHNM, MOXKHO C/IEIaTh CJIEAYIOIIHUE BHIBO/IBI:
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[upky/IAIMOHHOE OXJIaXKJeHNe MOPIIHA IPU MPaKTUYeCKU OJAMHAKOBOM pacxojie Macja Io
CPaBHEHUIO CO CTPYHHBIM OXJIQXKJIeHHEM II03BOJIAeT CHU3UTH TeMIlepaTypy KPOMKM KaMepbl
cropaHusa B cpefHeM Ha 70 °C u 50 C° B 30He KaHaBKe II€PBOIO KOMIIPECCHOHHOIO KOJIBLA.
[Ipu aTOM BABOE yMeHBIIAeTCs PaANAIbHBIN Ilepenas TeMIlepaTyp Ha OTHEBON IOBEPXHOCTU
nuuia nopurHs (OxiakaeHue MOPIIHA);

IToxBox macsa yepe3 GOpPCYHKY CHUKaeT TeMIlepaTypy JHUIIA IOPIIHA B cpefHeM Ha 10 °C,
a B 30HE IEPBOTO KOMIIPECCHOHHOTO KoJibIla Ha 20 °C 0oJbllle yeM IPU IMOJBOJIE Macja 4depes
maTyH. HecMOTps Ha yBeJIMUEHHBIN Pacxo/i Macja, MO CPAaBHEHUIO C JIByMs PacCMOTPEHHBIMU
BBIIIIE CITOCOOAMU, MOKHO CKa3aTh, YTO JIAHHBIN CIIOCO0 SABJIAETCS caMbIM 3(P(PEeKTUBHBIM, TaK KaK
Ka4yecTBO TeIUIO0OOMeHa MeK/Iy CTEeHKaMH IOpIIHA U OXJIXKJAIOIINM MAacjioM 3aBUCUT OT
KOJIMYECTBa I0/IaBaeMOro Macsia (ApIITUHOB | Jip., 1984)

To ecTb, IpUMeHeHNEe MACIAHOTIO OXJIaXK/IeHHUA MO3BOJIMJIO CHU3UTD He TOJIBKO TeMIIepaTypy
IOPIIHS, TEM CaMbIM YBEJIWYUBAsA CPOK CIY>KOBI IOPIIHS, KOJEI[ U APYTUX JeTajied, HO U
YMEHBIINUTH TEIJIOBYIO HAIPS>KEHHOCTD MOPIIHA, yBeJINUUBas Ha/IeXKHOCTh BCETO JIBUTATEJI.

JIureparypa

AnypbeB, 2001 — AHypves B.HM. CnpaBOUYHUK KOHCTPYKTOpa-MalluHocTpourtess: Tom 3.
8-e uzj., nepepad. u gom. [Tox pexn. U. H. Kectkosoii. M.: MammHocTpoeHue, 2001. 864 c.

ApmuHOB U 1p., 1984 — Apwumos B.J[., I'pucopves M.A., Koamaxoe B.H. Bpibop
PaIMOHAJIBHOTO CIIoco0a OXJIaKZeHUsl TOPIIHEH aBTOMOOWJIBLHOTO ausens // AemomobuavHas
npomvluaeHHocmb, 1984. N2 7. C. 12-15

Kaprapazgze, 2016 — Kasmapaodse P.3. JIoKa/IbHBIH TEIIOOOMEH B HMOPIITHEBBIX IBUTATEIAX:
y4eOHUK 1715 By30B. M.: M3maTenberBo MI'TY um. H. 3. Baymana, 2016. 515 c.

Jlazapes, 2011 — Jla3apes E.A. Meroaudeckue yKa3aHUsA K NPAKTUYECKUM 3aHATUAM IIO
JIUCHIIUILINHE TeIUVIOBas W MexaHWuYecKas HaIps’KeHHOCTb IIOPIITHEBBIX JBUTaTesel: ydeOHOe
nocobue. Yensabuuck: Uzpat.nentp IOYpIY, 2011. 40 c.

Maprtbeinenko, 1987 — Mapmbvivenko O.M. CrnpaBoyHUK 10 TeltooomeHHuKam [Teker]:
B 2-X T.: IIep. ¢ aHmIL. / oz pez. O.M. MapTtsiHeHKo u Ap. M.: 9Heproatomusaar, 1987. 420 c.

Oxnaxknenne mnopmHA — OxyaxkzaeHue nopiiHA [daekTpoHHBIM  pecype]. URL:
https://vunivere.ru/ (mata ob6paienus 30.05.2018).

[TapamonoB, 1980 — ITapamonose H.B. VccienoBaHue WHTeHCUUKAIUMHM TellslooOMeHa B
npodwibHBIX TpyOaxXx. Temno- W MaccooOMeH Mekay TOTOKaMU ¢ IOBEepXHOCTAMU [/
Temamuueckuil cOOpHUK Hay4HbLx mpydos MAH. M., 1980. C. 62-65.

Ilerpuuenko, Ilerpuuenko, 1979 — Ilempuueruxo P.M., [lempuuernxo M.P. KOHBEeKTUBHBIN
TeII000MEH B MOPIITHEBBIX MalInHax. JI.: MammHocTpoeHue, 1979. 232 C.

Temmneparypa mopmmHa — Temmeparypa mnopmHs [JimekTpoHHBI pecypce]. URL:
http://enginepower.pro (mara obpamenus: 01.06.2018).

TemmneparypHble ypoBHM — TemmeparypHble YpoBHU [JieKTpoHHBIM pecypc]. URL:
https://ustroistvo-avtomobilya.ru (nara obpamenus: 01.06.2018).

References

Anur'ev, 2001 - Anur'ev V.I. (2001). Spravochnik konstruktora-mashinostroitelya
[The handbook of the designer-machine builder]. Tom 3. 8-e izd., pererab. i dop. Pod red.
L.N. Zhestkovoi. M.: Mashinostroenie, 864 p. [in Russian]

Arshinov i dr., 1984 — Arshinov V.D., Grigor'ev M.A., Kolmakov V.. (1984). Vybor
ratsional'nogo sposoba okhlazhdeniya porshnei avtomobil'nogo dizelya [The choice of a rational
method of cooling the pistons of an automobile diesel engine is the automotive industry].
Avtomobil'naya promyshlennost'’, N@ 7, pp. 12-15. [in Russian]

Kavtaradze, 2016 - Kavtaradze R.Z. (2016). Lokalnyi teploobmen v porshnevykh
dvigatelyakh: uchebnik dlya vuzov [Local heat transfer in piston engines: a textbook for
universities]. M.: Izdatel'stvo MGTU im. N. E. Baumana, 515 p. [in Russian]

Lazarev, 2011 — Lazarev E.A. (2011). Metodicheskie ukazaniya k prakticheskim zanyatiyam
po distsipline teplovaya i mekhanicheskaya napryazhennost' porshnevykh dvigatelei: uchebnoe
posobie [Methodological guidelines for practical exercises in the discipline of thermal and
mechanical stress of piston engines: a tutorial]. Chelyabinsk: Izdat.tsentr YuUrGU, 40 p.
[in Russian]

28



https://vunivere.ru/
http://enginepower.pro-/
https://ustroistvo-avtomobilya.ru/

The History of Land Transport, 2019, 5(1)

Martynenko, 1987 — Martynenko O.M. (1987). Spravochnik po teploobmennikam
[Handbook of heat exchangers]. V 2-kh t.: per. s angl. Pod red. O.M. Martynenko i dr.
M.: Energoatomizdat, 420 p. [in Russian]

Okhlazhdenie porshnya — Okhlazhdenie porshnya [Cooling the piston]. [Elektronnyi resurs].
URL: https://vunivere.ru/ (data obrashcheniya 30.05.2018). [in Russian]

Paramonov, 1980 — Paramonov N.V. (1980). Issledovanie intensifikatsii teploobmena v
profil'nykh trubakh [Study of heat transfer intensification in profile pipes]. Teplo- i massoobmen
mezhdu potokami i poverkhnostyami. Tematicheskii sbornik nauchnykh trudov MAI. M.,
pp. 62-65. [in Russian]

Petrichenko, Petrichenko, 1979 — Petrichenko R.M., Petrichenko M.R. (1979). Konvektivnyi
teploobmen v porshnevykh mashinakh [Convective heat transfer in reciprocating machines]. L.:
Mashinostroenie, 232 p. [in Russian]

Temperatura porshnya — Temperatura porshnya [Piston temperature]. [Elektronnyi resurs].
URL: http://enginepower.pro (data obrashcheniya: 01.06.2018). [in Russian]

Temperaturnye urovni — Temperaturnye urovni [Temperature levels]. [Elektronnyi resurs].
URL: https://ustroistvo-avtomobilya.ru (data obrashcheniya: 01.06.2018). [in Russian]

Cucrema cMa3KH I PAAHBIX IBUTraTesieil MOITHOCTHIO 1000...1200 JI.C.
EBrennii Onerosuu Bunus -, bopuc AAkoBieBuu beHaepckuii 2

a I>xeBCKUI TOCyZIapCTBEHHBIN TeXxHUYeckull yHuBepcuteT uMenu M.T. KasmamHukosa,
Poccutickas ®eneparmus

AnHOTamuA. B 1aHHOI cTaThe OBUIN PACKPBITHI METObI CHIKEHUS TEPMOHAIPS?KEHHOCTH
MIOPIIHs JBUTATEIsA BHYTpeHHero cropaHus. CaenaH WHGOPMAIMOHHBIA 0030p 3TOH TEMBbI,
a B YaCTHOCTH, NPOBEAEH aHAJIMN3 CYIIECTBYIOIUX CHUCTEM OXJIAXKJIEHUs IMOPIIHA U IyTH
ysryuiieHus 3¢ GeKTUBHOCTH OXJIaXK/IeHusA. Bl ciean BpIOOp Hanbosiee palioOHAIBHOTO criocoba
oxnaxkaeHusa. Tak jKe OIUCHIBAETCS YCTPOMCTBO CHCTEMBI OXJIAXK/IEHUs IIOPIIHS, a TaK Ke
COBpeMEHHbIE TIOIXOJbI B peEIIeHHWU JaHHOH TmpoOsieMbl. [IpuBefeHbI pacyeTHbIE CXEMBbI
TeIUIOOOMEHa TOPIIHA W CXeMa HM3MeHeHHe TeMIIepaTyphl Macjla Ha ITOBEPXHOCTU IOPIIHSA U
IUIOTHOCTU OPOIIIEHHS B 3aBUCHUMOCTU OT yTJia TOBOPOTA KOJIEHUATOro Baja. OmucaHa CYIIHOCTh
MAaC/JIAHOTO OXJILKAEHUSA C TOMOIbI0O CTPYHHOU ¢dopcyHKU. BhINOJIHEH pacueT OxJIaXKIeHUS
MOPIIHA JJIA PAAHOTO HMIECTUIMJIMHAPOBOrO ABuraresisa KamMA3, U3 KOTOPOTO CJAEAyeT, UTO A
OXJIAXK/IEHUS OTHOTO IOPIITHS He0OX0AUMO 0,6 JI/MUH , cieJIaHbl OpeeIeHHbIEe BHIBOJIBI.

KiroueBble cjioBa: MacjssHOE OXJaXKeHue, MoPpIeHb, ¢GOpCcyHKa, TEPMOHANPSI?KEHHOCTD,
JBUTATEb.
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Improving the Engine Efficiency by Installing the Turbo Compound System
Evgeniy V. Zhuravlev 2, Aleksey N. Terentev 2
aJzhevsk state technical university, Russian Federation

Abstract

The engine was thermally calculated; on the basis of which a working draft of an engine with
a working volume of 1596 cm3 can be developed using the Turbo Compound system.
The calculated data of the main technical engine parameters with Turbo Compound System are
presented. In conclusion, the authors note that an increase in pressure by the intake compressor
also leads to undesirable consequences for the engine resource, to an increase in mechanical
stresses on the parts of the crank mechanism and cylinder-piston group. In this regard,
it is necessary to hold more detailed constructive-technological study of strength, resource and heat
resistance of the most important parts of the engine — piston, piston rings, piston pin and others.

Keywords: internal combustion engine, turbocharging, engine power, turbocharger,
pressure.

1. BBegenue

B kaxxziom gBuraresie IMpOIlEHTHBIE IIOKa3aTeay HCIIOJIb30BAHUA SHEPTUM pa3Hble, HO B
CpelHeM OHU TaKHe: SHEPrus, KOTopas mpeobpasyeTcs U3 TEIUIOBON B MEXaHUYECKYIO (I10JIE3HYI0)
— 40—45 %; TelioBasA BHePrus, KOTOpas YXOJUT HA HarpeBaHUe JleTajled JBUTATeNs — 20—25 %;
TEIUIOBAasi SHEPTHS, KOTOPast YXOAUT BMECTH C BBIXJIOIMTHBIME razaMu — 30—40 %. (XoBak, 1977)

JIna MCmoIb30BaHUSA DHEPTHH, YXOAAIIEH C BBIXJIOMHBIMU Tra3aMu, ObUT paspaboTaH
CHeNUaIbHbIA TYpOOKOMIAYHIHBINA OJIOK, 6sarozapss KOTOPOMY SHeEprus OTPa0OTAaHHBIX T'a30B
npeobpasyercs B MEXaHUUECKYI0 SHEPTUIO U Uepe3 CHeIUaJIbHbIN NPUBOJ MepeaeTcs Ha KOJeH
BaJI ZIBUTATEJIs OBBIIIAs ero MomHocTh (ITaTpaxanbies, CaBacTeHKo, 2004). B HacTosee Bpems
3a MCIOJIb30BaHUE JAHHOHN CHCTEMBI B3sJIMCh ABe kommaHuu — BMW u Scania. OcHoBBIBasACh Ha
VX ONbITe ObLyIa BhIOpaHa TeMa Jiis paboThI.

2. Pe3yabTaThl

dakTruecku TypOOKOMmayHA Scania MOMKHO CYUTaTh KJIACCHYECKUM IIPHUMEPOM
peKyIepaluyu SHEPTHU — MOBTOPHOE HCIIOJIb30BAaHUE TOU €e YacTH, KOTOpas IMOJIydeHa paHbIIle,
a3areM Oecrosie3HO TepsieTcsa. JIOCTUTHYTBIE pe3yJbTaThl OKA3aJINCh BIEUATISIONIUMUA —
TypOOKOMITayH T Jjal MpUOAaBKy K MOII[HOCTH JABUTaTesell Scania MPUMEPHO B COPOK JIOIIAIUHBIX
cwi. Tak YTO MOKHO CKa3aTh, UTO TypOOKOMIIAYH/I OIPAB/al OKUAAHUSA MHKEHEPOB KOMIIAHUH
Scania, obecrieuuB JBUTATENISIM UX pa3pabOTKH yJIydIlIeHHbIE XapAKTEPUCTUKU.

IlepBbIii 3TAaml: BBIXJIONHBIE Ta3bl, WAYIIFE WX BBIIYCKHOTO KOJUIEKTOPA, MPUXOJAT B
cucreMmy. B 3T0 Bpems TeMIieparypa ra3oB MPUOJIM3UTEIHFHO PaBHA 700 TpajycaM. BBBIXJIONHbIE
ra3pl 3a7IeWCTBYIOTCA [ MPUBOJA OOBIYHOTO TypOOKOMIIpeccopa. B oOBIYHOM KOMIIpeccope
SHEPrusl — MOBBIMIAeT 3PPEKTUBHOCTh TOPEHUS TOILIMBA, TEM CAMBIM YBEJIUYHUBAS MOIIHOCTh U
KPYTSAIINN MOMEHT B ZiBUTaTesIe. [lajiee BBIXJIOMHBIE Ta3bl OTIPABJIAIOTCA B 6JI0K TypOOKOMIIAYH/IA.
A B 00BIYHOM JIBUTATEJIE OHU OBl IOTPATHUJIUCH BILYCTYIO.
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BTopoii aTam: Bo BpeMsA BXOoZa B TypOOKOMIAYHIHBIN OJIOK, ra3bl UMEIOT TEMIIEPATYPY
OK0JIO 600 TrpalycoB. JHEPIHsA a30B Pa3TOHAET BTOPYIO TYpOUHY 10 000pOTOB, IPUMEPHO PaBHBIX
55000 B MUHYTy. Bo BpeMs BbIXOZ]a Tra30B W3 TYypOWHBI, TeMIlepaTypa COCTaBJISEeT OKOJIO
500 rpaaycoB. Ilociie 3THX 1eHCTBUN ra3bl YXOAAT Yepe3 CTaH/IAPTHYIO CUCTEMY BBIILYCKa.

Tperuil 3Tam: BpamlaTeJIbHOE [ABIDKEHHE TYpOUHBI Ilepe/laeTcsi C IIOMOIIBIO Iapbl
MIOHIIKAIOIUX, IEePeJaTOUYHBIX YCTPOMCTB. DTU YCTPOMCTBA — 3TO THApaBiIWdYecKas Mydra u
MexaHuueckue mnepezaun. Mydra ABIAgeTCA COIVIACYIOIIMM 3JE€MEHTOM MeXAY 4YacTOTaMHu
BpallleHus TypOUHY KOMIIayH/a U MaxoBHKa. Bo Bpems nepefayu JBMKEHUA TypOUHBI MaXOBUKY,
YacToTa BpallleHUus TYpOMHBI CHIDKAeTCs NPUOJM3UTENBHO JI0 1900 000pPOTOB B MUHYTY.
Ha maxoBuKe TMOBBINIAETCS BpallaTeIbHBI MOMEHT, M ero paboTa CTAaHOBUTCHA IUJIABHOU W
YCTOUYHBOM.

Taxske, B Xo/le paboThl, ObLJIa paccMOTpeHa pa3paboTKa HEMENKUX HMHKEHEePOB KOMIIAaHUHU
BMW noz HazBanueMm «Typb6octumep». Pazpaborurku 66111 03a609€HbI 3aTPpauyUBaEMOM BITYCTYIO
SHepruel oTpaboTaHHBIX ra30B, U MPUIILTH K co3aHuio Tuopuaa JIBC u napoBoii MalIuHbl.

ITpoekt BMW Turbosteamer craptoBas emie B 2000 ToZly, HO TOJBKO CIYCTS ISTH JIET
WHXKeHepbl HEMEITKOH KOMIIAHUY MPEICTABIIIN 4-I[UJINHPOBBIH MOTOP 06b€MOM 1.8 JI, KOTOPBIi
BbIZIaBaJl HA 15 JIOIIAJMHBIX CUJI OOJIbllle MOIIHOCTH W HAa 20 HM KpyTAllero MoMeHTa, HO IIpU
5TOM OBLI SKOHOMUYHEE CBOUX AHAJIOTOB Ha 15 %.

Texuomorusi Turbosteamer 6asupyercs Ha mHapoBoW TypOuHe, KoTOpylo B 1884 romy
3anateHToBas Illapsps Ilapconc. IIpoucxomuT Bce ciemyomuM oOpa3oM: BOjla HarpeBaeTcs /0
COCTOAHUSA IIapa, HUCHOJIb3ysd TeIUI0O BO BIYCKHOM KOJUIEKTOpE U CHUCTEME OXJIaXK/IeHUs.
[Tap moctynaer B HEOOJBIIYI0 TYPOUHY, COEUHEHHYIO ¢ KOJEHYaThIM BasioM. [IapoBoi mpuUBOJ
Turbosteamer M03BOJIAET HCIOJB30BaTh /10 80—9Q0% HSHEPTHU BBIXJIOMHBIX Ta30B, ITOBBIIIAS
3¢ GEeKTUBHOCTD PabOTHI CHCTEMBI HA 10—15 %.

TpaguLIMOHHO CYyIIeCTByeT TPU IIyTH IOBbIIIeHUs Ko3bduUIeHTa I0JIe3HOro JeHCTBUSA
(KITQ) u mommHocTu nBuraressa. OHH INPOUCTEKAIOT U3 YCJIOBHI €ro TeIUIOBOro OanmaHca —
pacmosiaraeMasi 9HEpPrusi B NPUOJIU3UTEILHO PABHBIX JIOJIAX PACIpeNesAeTcs MeXKIy
53¢ peKTUBHON! MOIITHOCTHIO, OTBOJIOM B CHCTEMY OXJIQK/IEHUS U SHepPrueill BBIXJIOIHBIX a30B.
OcHoBHBIM 1myTeM nosblmieHusa KIIJ  aBisdercsa  yiaydllleHWe IIPOTEKaHUA  IIPOILIECCOB
cMmeceobpazoBaHuss u cropaHus. C KaKJIbIM TOJIOM 3TOT IIPOILECC ITO3BOJISIET COBEPIIATh
HeOoJIbIlIMe IIAaryd II0 YJIy4dllIeHWIo JiBUraresieil. Ve NOHUWXKEHUS TeIIOOTBOJIA B CHUCTEMY
OXJIQXKJEHUS 32 CUET TEIJIOU3O0JIAIINY KaMep CrOpaHus ObLIa MOMYJIIPHA B Q0O-X roJlax MPOIILIOTO
BeKka. B HacToAIMI MOMEHT B CHJLy psZia IPUYHH 3TOT IIyTh IPU3HAH HECOCTOATEIHHBIM.

Takum 06pa3oM, OCHOBHBIM CIIOCOOOM PaIMKAIBLHO YBEJIUYUTHh OCHOBHBIE Mokasarenu JJBC
(mBuTaTENIA BHYTPEHHETO CrOPAHUA) SBJISETCS WCIOJIb30BAHHE SHEPTUM BBIXJIOMHBIX Ta30B.
TypOboHamlyB y:Ke JJaBHO NPHUMEHSETCA BO BCeX 00JIACTAX TMOPIIHEBOTO JIBUTATEIECTPOEHUS.
Kommnayny, sBjsieTcss OTHOCUTEJIBHO HOBBIM BessHHEM. VCTOpUYECKU IMepBBIMM KOMMIAYHJIHBIMU
JaBuraressiMu OpuTH aBuanuoHHble /IBC. OHU 1eMOHCTPUPOBAIN BBICOKHE IMOKa3aTeau JlaKe 10
HBIHEIITHUM BpeMeHaM, TaK HallpuMep, yAeabHbIA pacxon 6ensunoBoro AIT/l B/T — 4K cocrassin
217 r/kB1*4 (160 r/s.c.4.).

TypboxoMIIayH/| CTaJI CAEAYIOMIUM JIOTHIECKUM IIarOM Pa3BUTHS MOPIIHEBBIX JIBUTATEIEH
1ocjie BHepeHUs TypOoHazayBa. IIoBbIIIasg OCHOBHBIE IleJieBble XapaKTEPUCTUKU (MOIIHOCTD,
SKOHOMUYHOCTbH), KOMIIAyH/I B COBEPIIIEHCTBE JIOMOJIHAET ra30TypOMHHBIN HajyB. Ero BHepeHme
CTAHOBUTCA BO3MOXKHBIM C IIOCTENIEHHBIM pPa3BUTHEM TEXHOJIOTUU IIPOU3BOJICTBA M, KakK
cyieficTBHE, pOCTOM 3(P(HEKTUBHOCTH TYPOUH.

OCHOBHOU TPYAHOCTBIO IIPU UCIHOJIB30BAHUM KOMIAYHIHOU CXEeMBbI fBJIAETCA CO3/JaBaeMoe
TYpOMHOU ITPOTHBO/IABJIEHNE, BeAyIllee K CHIDKEHUIO HATIOJTHEHUS U 3(PPEKTUBHOCTU MOPITHEBOH
YacTH.

B Hacrosmuii MOMEHT IJIaBHOW HpPOoOJEMON Ha IyTH BHEJPEHHA TYpPOOKOMIIAYH/IHBIX
JIBUTaTeJiell sABJAeTCsA CHIKeHHe uX 3(P@PeKTUBHOCTH IPU yXOJle C pekuMa HOMHHAIBHOU
MOIITHOCTH. Takke CYIeCTBYIOT HpOO0JIeMbl, CBfA3aHHbIE C KOJeOaTeJbHBIMU IpPOLleCCaMHU U
BJINSIHEM HHepIUH Ha 5ddeKTUBHYI0 paboTy TypOuHbI. Takum 06pa3oM, OOJIBIIMHCTBO IPo0IeM
CBOZATCA K HEoOX0oAMMOCTH obecrnieueHUus 3PdeKTHBHON pabOThl HA 3HAYUTEIBHOM JiMalla30He
peXUMOB pabOThI IBUTATEJIEH.

Cy1iecTByeT MHOKECTBO PA3JIMYHBIX CXeM KOMITAyH/IHBIX ABUTraTesel. VX MOXKHO pa3/ieiuThb
I10 CJIeAYIOLINM KPUTEepUAM: TUILY IBUTaTesIfA, HAUIUUYUIO HA/|/TyBa U TUILY TPAHCMUCCHUU.
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YT0oO6bI OBLIIO TOHATHO, Oy1aTOAAPS BHEAPEHUIO TYPOOKOMIIAyH/1a OBLIO TIOCTUTHYTO:

- IToBBIIIIEHME MOIITHOCTH JIBUTATEJIS IIPU HE OTHOCUTEIBHO HE BHICOKHX YaCTOTaX BpaIlleHUs
KOJIEHBAJIA JIBUTATEJIS;

- 9KOHOMUS TOILJIUBA;

- YcTOMYMBOCTH pabOTHI ABUTATEJIS DU PE3KUX MTEPeIaJiax B pesKuMax paboThl aBTOMOOMIIA;

- Msarkas, 6e3 pbIBKOBasi paboTa JBUTATessI, YTO JOCTUTAETCS IOCTOSHHOU Tepefayvn
JIOTIOJTHUTEJIPHON MOIITHOCTH OT TypOOKOMITayH/Ia K KOJIEHBAIy, OJ1arogapsi YeMy BbIPaBHUBAETCS
MyJIbCAIINS HAaTPY30K;

- Bostee komdopTHOE BOXKIEHE aBTOMOOWIISA, HA KOTOPOM yCTaHOBJIEH TyPOOKOMITAYH/I.

TexHosoruu He cTOAT Ha Mecre. CTpeMJyleHHE YBEJMUYEHUs] SKCIUIyaTallMOHHBIX KauyecTB
JIBUTATeJIEN 3a CYET €ro CKPBITHIX BO3MOXKHOCTEHN SBJISIETCS MEPCIIEKTUBHBIM HAIIpaBJIEHUEM JIJIA
MHOTHUX aBTOMOOWJIBHBIX KOMIIAHHUA W TIPUMEpP € TYypOOKOMIIAyHZOM, KOTOPBIH peasn3oBajia
KOMIIaHHA Scania, sBJIsAETCS XOPOIIUM NPUMEPOM [l mojpakaHus. Vcrounuk: https://auto
topik.ru/vse-pro-avtomobili/550-turbokompaund.html

3a OCHOBY MO€ETO pacyeTa MPUHAT JIBUTaTesib BA3 11183-1000260 ¢ cucreMo# TypOOHaIyBa.
[Ipuniun paboThl HCC/IEyeMON CXeMbl OCHOBaH Ha KCIIOJIb30BAaHWH BBICOKOW TEMIIEPATYPhI
O0TpabOTaBIINX T'a30B, M HA €CTECTBEHHOM HarpeBaHUU BBIIIYCKHOTO TPYyOOIIPOBO/Ia aBTOMOOWIIA.
Jlo HeHlTpasM3aToOpa yCTaHABJIMBAETCS BOASHOUN 0ak, 0OXBATHIBAIOIIUN BHIXJIOIHYIO TPYOY, TAKUM
06paszoM, TeII000MEeHHUK MPUHUMAET BUJ «Tpyda B Tpybe». Jlajee Bojia mpeobpasyeTcs B Iap, u
107 aBJIEHHWEM PACKPYYHBaeT CJIEAYIOIIUHN 3JI€MEHT YCTAHOBKHU, MApoOBYI TypOmHy. HarssgHo
IIOCMOTPETh CXeMY YCTaHOBKH MOYKHO ITOCMOTpPETh Ha PucyHke 1.
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Pwuc. 1. [IpunniunuanpHas cxeMa

TemnoBou pacuér asuraress BA3 11183-1000260 ¢ cucremMmoi TypOOHaAyBa
Kak Op1J10 OTMeUYeHO paHee, 3a OCHOBY pacyeTa NMPHUHAT JBuUraresb BA3 11183-1000260 ¢
XapaKTepPUCTUKaMH, PUBEeHHBIMU B Tabutie 1.
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Tao6auna 1. OcHOBHBIE ITapameTpsl JiBuraTessi BA3 11183-1000260

Tun gBUraTessa no cnoco0y BociiaMeHeHuss | VIckpoBoit
paboueii cMecH

Tun gBuraresa 1o pogy NpUMeHAEMOT0 bensun
TOILINBA

Hajymune mim OTCyTCTBHE HaAyBa OtcyrcerByer
Tun oxytaxkaeHus KunkoctHoe

THII TOIJIMBHOH CHCTEMBI

JJIeKTPOHHBIN BIIPHICK TOILIMBA

Yucio K1amaHoB Ha OTUJINHIP

4

KosngecTBO MMJIMHAPOB U UX
pacrosiokeHue, HOpsiZI0OK PabOThI

4-P 1-3-4-2

TakTHOCTD ABUTATES

4-XTaKTHBIN

Homunanpaaa spdekTnBHAA MOITHOCTD IPU
HOMHHAJIPHOH YaCTOTe BpAIlleHUs

60 kBT npu 5200 06/MuH

MaxkcuMaJIbHBIN KPYTSIIHHA MOMEHT

120 HM mipu 2700 06/ MuH

MuHumMasibHasg yacToTa BpalieHud
KOJIEHYaTOro BaJjia

850 06/MuH

CreneHb C:KaTUA 10
JnameTp nuanHapa 82 Mmm
Xoz opIIHA 75,06 MM
PekomMeHIyeMOe TOILIUBO Al-95
Pabounii 06beM IHIHHPA 1596¢cm3

Pacuer gBurareis MPOBOAWICS JJI PEKUMOB: MUHHMAJIbHOH YacCTOThl BpAIleHUs IIPHU
ne= 850 06/MHH, MaKCHUMaJbHOTO KPYTAIIEr0 MOMEHTA IPH Ne= 2700 00/MUH, HOMUHAIHHON
MOIIIHOCTH IIPH N.=5200 00/MWH, MaKCHMaJIbHON YacCTOTHl BpAIEHHS KOJIEHYATOTO Baja
JIBUTATeJISI TIPH Ne=6000 06/MuH (KomuuH, IemMmunoB, 2002; ['aBpuIoB u Jp., 2003). 3HAUEHU
MTOJIYYEHHBIX PACUETHBIX ITAPAMETPOB MOIITHOCTH M KPYTSIIIET0 MOMEHTA JIBUTATEISA IPUBEJEHBI Ha
Pucynke 1. 3mech ’Ke TpeACTaBJeHbl 3HAYEHUsS

KOMITPECCOPAaMH — MEXaHUYECKUM U TYPOOKOMIIPECCOPOM.
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Puc. 2. Buemnue XapaKTEPpUCTHUKH ABUTr'aTE/IA

Ne — 3¢ dexTuBHAA MOITHOCTD

M. — MaKCUMAaJIbHBIA KPYTAIUH MOMEHT

ge — YAETbHBIN Pacxoy] TOIUTUBA
Gt — 94acoBOH pacxoj| TOIUTUBA

«HapmyBa» — [aBJeHUA CO37JaBAEMOTO

33



Журавлев%20Повышение%20КПД%20двигателя.docx
Журавлев%20Повышение%20КПД%20двигателя.docx

The History of Land Transport, 2019, 5(1)

3. 3aKjIIoueHue

Bbbu1 mpoBesieH TermioBo# pacuer juratesisi BA3 11183-1000260, Ha OCHOBAaHUU KOTOPOTO
CIIPOEKTUPOBAH JBUTaTeNb pabouuM o00beMOoM 1596 cM3 ¢ cucreMou TypOokoMIayHI.
CHpoeKTUpPOBAHHBIN JABUTATEIb UMEET CJIEAYIONE XapaKTEPUCTUKNA: — HOMHUHAJIbHAS MOITHOCTh
Ne=95 kBT, oHa yBesmmumiaack Ha 35 KBT (58 %) OTHOCHUTENIPHO HCXOHOW, — MaKCHMAaJIbHBIH
KpyTsIuil MoMeHT Me max= 173 H M, 4To BbIIlIe UCXOTHOTO 3HaueHus Ha 60 H-M (50 %).
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IToBsrmenue KII/I aBurare s IyTéM yCTAHOBKH cucTeMbI « TypookoMmayH »
Esrenuit Bnagumuposuu JKypasies 2, Asekceit HukonaeBuda TepeHTheB 2
a MI>keBCKUI TOCy/IapCTBEHHBIN TEXHUYECKUH yHUBepcUTeT, Poccuiickas ®enepanus

AnHOTamMA. Bpuin NpoBesleH TENJIOBOM pacueT JIBUTaTessd; HAa OCHOBAaHWUHM, KOTOPOTO
MOKeT OBITh pa3paboTaH pabodvmii MPOEKT JABUTaTesss pabouyuM O0OBEMOM 1596 CM3 € CHCTEMOU
Typboxommnaysy. IlpescTaBieHbl pacyeTHbIE JAaHHBIE OCHOBHBIX TEXHHUYECKHX IIapaMeTpOB
aBuraresns ¢ cucremodl TypOokommayHz. B 3akiioueHUM aBTOPHI OTMEUAlOT, YTO YBeJMYeHUe
JlaBJIEHUS KOMIIPECCOPOM Ha BIIyCKe IMPHUBOJAUT M K HeXKeJIaTeJIbHBIM ITOCEACTBUAM /I pecypca
JIBUTaTeJIsl — K BO3PACTAHUIO MEXaHUYECKUX HAIPSKeHUU Ha JIeTajld KPUBOIIUIIHO-IIATYHHOTO
MexXaHW3Ma W [WINHPO-TOPIIHEBON TPYIIBL. B CBA3HW ¢ 3TUM, HEOOXOZUMO IPOBECTH OoJiee
JIETAJIBHYI0 ~ KOHCTPYKTHUBHO-TEXHOJIOTHYECKYI0  NPOpPAabOTKy  MPOYHOCTH,  pecypca H
TEIIOCTOUKOCTH HauboJyiee OTBETCTBEHHBIX JIeTAJIEH JIBUTATENSA — IOPIIHSA, IMOPIITHEBBIX KOJIEI],
MIOPIIHEBOTO MAJIbLIA U JIP.

KirroueBble cJj1oBa: J[BUTaTeJ b BHYTPEHHETO CropaHus, TypOOHAAIyB, MOIIHOCTh
JIBUTATEJISA, TYPOOKOMIIPECCOD, IABJIEHHE
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