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пропонується  реалізувати  пасивну  екстремальну  адаптивну  систему  автоматичного  
регулювання , в  якій  достатнім  є  можливість : 

–  здійснювати  зм інювання  лише  керуючих  впливів ; 
–  здійснювати  зм іни  лише  за  наперед  розробленою  програмою , наприклад , оброблення  

початкової інформації (кут нахилу , швидкість , маса  кермувальника  та  ін .) у  систем і керування  
рухом  моноколеса . 

Висновки : 1. Розглянуті основн і технічні характеристики  індивідуального  
електротранспорту , принципи  їх  керування  та  основні недоліки  щодо  експлуатац ії. 

2. Визначено  індивідуальний  моно- транспорт  як  найбільш  енергоефективний . 
3 . Запропоновано  впровадити  в  систему  керування  рухом  моно- транспорту  пасивну  

екстремальну  адаптивну  систему  автоматичного  регулювання  з  метою  підвищення  рівня  
безпеки  його  експлуатац ії під  час  динам ічного  розгону . 

ЛІТЕРАТУРА  
[1]. Електротранспорт: https://w w w .ctrs.com .ua/personalnyy-transport/ –  Дата  звернення  

10 .09.2022. 
[2]. Попович  М .Г ., Ковальчук  О .В . Теорія автоматичного  керування : підручник , Ч2. –  

К .: Либідь , 2007. – 656 с . 
 

P roblem s of energy efficiency of the electric drive indiv idual m ono-transport 
V oitasyk  A ndrii M ykolayovych 
D epartm ent of E lectrical E ngineering of Ship  and  R obotic C om plexes 
A dm iral M akarov  N ational U niversity  of Shipbuilding 
A bstract. T he m ain technical characteristics of ind iv idual electric transport, the princip les of their 
m anagem ent and  the m ain d isadvantages regard ing  operation  are considered . Individual m ono-
transport is singled  out as the m ost energy-efficien t. It is proposed  to in troduce a passive ex trem e 
adaptive au tom atic control system  in to  the m ono- transport traffic contro l system  in  order to  increase 
the safety  level of its operation  during  dynam ic acceleration . 
K ey words:  ind iv idual electric  transport; energy  efficiency; au tom atic contro l system  
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A bstract. A  brief overv iew  and analysis of fu ture clean fuels are given . T he concept of a universal 
sensor for prom ising  m arine alternative fuel quality m onitoring  onboard  the ship  is presented. T he 
m ain  featu res of the idea are the versatility , reliab ility , and high  accuracy  of controlling propulsion  
efficiency  regard less of the type of fuel and  the d ifferences in  its properties.  
K eywords:  alternative fuels, sensory  m onitoring  system , propulsion efficiency , m onitoring . 

T he level of liqu ids is one of the m ost frequently m easured  param eters in  industrial 
applications (right after tem perature, pressure and flow ) [1] and  the m arine industry  isn’t an  
exception . Ships carry  m ore than  80%  of g lobal trade by  volum e, therefore sh ipping  p lays a central 
role in g lobal supply chains and  the econom y. C urrent decarbonization  trends lead  to  the 
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im plem entation of various strateg ies including  the use of alternative fuels in  the m aritim e industry  to  
reduce greenhouse gas em issions and speed  up  the im plem entation  of new  technologies/concepts for  
a  sustainable future. A lready by 2030, alm ost 5%  of the energy  for shipping  should 
com e from  carbon-neutral fuels, requiring  huge investm ents in  onboard  technologies and  onshore 
infrastructure.  T his causes a  strong trend in  the developm ent and  usage of various alternative fuels. 
A lternative fuels m ust be produced, stored , and d istributed  m ost efficiently, so  the appropriate control 
and  m onitoring  system s are required . T his infrastructure requires corresponding  inform ation  sources 
–  m easurem ent devices that are adapted  or even  developed, especially for alternatives. V arious 
analyses of prospective «clean fuels» w ere perform ed, but the d iscussion  is still actual. O ne of the 
m ost im portan t problem s is the estim ation of the percep tiveness of alternative fuels  for m aritim e 
transport, from  the in frastructure readiness poin t of v iew . A s the properties of all these fuels are very  
d ifferent it’s natural that storage conditions and  m easurem ent approaches can  d iffer significantly . A s 
a  prerequisite of the research , it’s necessary  to  analyze the properties of each  alternative fuel type  
w hich  have a significant im pact on m easurem ent techniques, instrum ents, and related  processes. T he 
m ain  goal of the study is the analysis of all the m easurem ent tasks w hich  occur during  the use and  
d istribution  of new  fuels, and  the selection  of a flex ib le and  universal m easurem ent 
technique/instrum ent applied  for the various alternative fuels contro l onboard  a sh ip or at onshore 
infrastructure in term ediate transportation  term inals as a  cargo. 

A ccording  to  the latest research  [2-4], the m ost prom ising  a lterna tives to  standard  m arin e 
d iesel are L iquefied N atural G as (LN G ), liquid  hydrogen (L H 2 ), hydrogen carriers such as «green  
am m onia» , liquefied  petro leum  gas (L PG ), ethanol and  m ethanol or their b io  alternatives. E ach  
alternative fuel has its advantages and  d isadvantages, e.g . liquid  hydrogen L H 2  has one of the highest 
energy  densities and  low  ecological im pact on  the environm ent, w hile the volum etric energy  density  
is the low est and  the hardest storage conditions am ong other alternatives. Specific  technologies and 
hardw are are used  for the storage of liqu id  hydrogen (ex trem e pressures and  tem peratures, specific  
p ipes, d istribution m echanism s). L N G  is a  fuel w ith  w ell-know n and ready-to-use technological 
so lutions. It’s the first candidate for the fast d isplacem ent of trad itional fossil fuels becau se of its 
relatively  low  price, know n issues and  infrastructure readiness. T he storage conditions for L N G  are 
also  constrained  because LN G  is a cryogen, it is kept in  its liqu id state at very  low  tem peratures, w hile 
pressu re can  reach  up  to  12  M Pa. LPG  is also considered  a convenient alternative to trad itional m arine 
d iesel because unlike LN G  it doesn’t require cryogen tem perature for storage or high  pressures (it’s 
stored in  pressurized  tanks w ith  pressure up  to 1.6  M Pa), w hile it’s m uch m ore ecologically  fr iendly  
in  com parison w ith  trad itional d iesel. A nother advantage of L PG  and LN G  have relatively  h igh  
infrastructure readiness levels com pared  to  L H 2 . M ethanol and  ethanol are the next prom ising  
alternatives because they  have a low er level of challenges in  adopting  as m arine fuel com pared  to  
L N G  or hydrogen (onboard  containm ent of m ethanol is m uch easier than  L N G  or hydrogen); both  
can  be produced using renew able sources such as b iom ass or electro lysis; they  are w idespread  liquid  
products, so  existing  supply  chains are ensuring  reliab le supply. A nother potential m arine fuel is 
am m onia – a sim ple m olecule that carries hydrogen in  a liquid  form . S torage conditions for am m onia 
are like those of L PG . B ut com paring  am m onia to L PG /L N G  or M ethanol it is carbon-free. A m m onia 
can  becom e a transitional fuel soon because of its relative easiness of storage and  d istribution.  It 
m ust be noted that trad itional m arine d iesel or M G O  can  be used  in  various m ixes w ith b iodiesel or 
o ther alternative fuels. It seem s clear that various fuel m ixes w ill be used  in  the  first stage of 
decarbonization strategy  im plem entation .  It has been reported  about m any pro jects of dual-fueled  
new  builds, sh ips that use fuel cells for electrical propulsion , etc . R egardless of fuel under control, 
it’s very  convenient to  have standard ized/universal hardw are on  the sh ip  and onshore. A  sensor 
selection/synthesis task  m ust be done considering  various possible storage conditions and  aggregate 
states of the alternatives. L arge tem perature/pressure/density  spans, and deviations of m entioned  
param eters during  the lifecycle im pose very  strict requirem ents for equipm ent.  



ІН Н О В А Ц ІЇ  В  С У Д Н О Б У Д У В А Н Н І  Т А  О К Е А Н О Т Е Х Н ІЦ І        Х ІІ І  М іж н а р од н а  н ау к о в о -т ех н іч н а  к о н ф ер е н ц ія  
 
 

�
�

298 
�

R egardless of liqu ids being  contro lled  (fuels, o ils or sew ages, or any  other liquids), 
m easurem ent accuracy  and  operational reliab ility  are crucial factors to choose the right m easu rem ent 
m ethod and  provide the necessary  safety  level. It’s  obligatory  to  m easure fuel and liquid cargo 
quantity . In  addition to  the levels of fuels, it’s necessary  to  know  the current density  for each  fuel or  
cargo  for m ass calcu lation  and ballasting  purposes [5]. For accurate estim ation  of fuel and  cargo  m ass, 
the sh ip 's ro ll and  trim  angles m ust be considered  w hen calculating fuel and  cargo  volum es. It’s 
know n that for L PG /L N G  or am m onia the densities are very  dependent on  tem perature/pressure [6]. 
In th is case, several types of level sensors can’t be used  because of the sensitiv ity to  the density  
deviation  of liqu ids under control. T em perature and  pressure in the fuel tanks m ust be m easured  not 
only for safety  reasons but for additional calcu lations of current quantities or o ther param eters. T he 
level sensor analysis led  to  the predictab le resu lt there is no  universal sensor or a system  that 
successfu lly and  accurately  can handle the issues w ith  all m entioned  alternative fuels.    

O ne of the m ost prom inent sensory techniques for presented  applications is polym etric sensors 
[7-8], based  on  the form ing and  processing  of special T D R  signals. T he M IR A +™  series sensor w as 
selected  as a  technology pro to type [9]. T he concept idea is to  m axim ize the inform ation capacity  of 
the signal by  form ing it especially  for functioning w ith  any  type of m entioned  liquids or the presence 
of vapor phase w ith  the changing  density  or the presence of w ater (the non-frequent situation w ith  
L P G ). It’s know n that classical T D R  sensors require the application  of additional techniques to  
ach ieve high  accuracy w hile a dense vapor phase is present [10]. T he key  difference in m easurem ent 
technique is that the sensor m ust be optim ized  for the propagation  of electrom agnetic w aves through 
a set of layers  of contro llab le liqu ids w ith  m inim al attenuation w ith  sim ultaneous m axim ization  of 
reflections on the m edia borders so  the w aves can  travel along the m easurem ent line several tim es in  
both d irections: from  the top  side and  the bottom  side of a sensor. A  concept includes the next 
features: a  m ultipoint tem perature sensor ins ide a w aveguide part; an  ability  to connect or to  use the 
data from  a set of pressure sensors (e.g . d istributed  along a w aveguide or a fram e); a capacitance-
based  part, used  for an alternative w ay of level m easurem ent (e .g. for m easurem ents of low -
reflectance liquids, like hydrogen). 

T he current g lobal decarbonization trend led  to the new  fuels w hich  have vary ing properties 
and  require an adaptation  of ex isting  or developm ent of new  concepts for their m easurem ents. T he 
prospective m arine fuels w ere analyzed , and  it’s show n that soon hydrogen and  hydrogen carriers can  
becom e a gam e changer and  am m onia as the best accum ulator of hydrogen can  becom e a transitional 
fuel [11 , 12]. It’s show n that the goal of standard izing  the m easu rem ent devices for various fu el types 
including  am m onia and  green  hydrogen can  be achieved  by the developm ent and  application  of 
com plex polym etric sensors and appropriate m onitoring  and  onboard propulsion  efficiency  control &  
m onitoring  system s, based on  further developm ent of polym etric  sensors concepts and their 
industrialization prospects presented  in  th is paper. 
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Виконано  аналіз  роботи  стабілізованого  перетворювача  постійного  струму , що  працює  на  
плазмову  дугу . Отримано  частотні характеристики  вхідного  та  вихідного  опорів та  
передавальних  функцій  Г -подібного  LC -ф ільтра , навантаженого  на  активний  опір  
навантаження . 
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