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The article describes a method for calculating the step-down 
transformer of an underwater part in a remote-controlled 
underwater vehicle supply system. The chosen technique allows 
determining the maximum frequency of voltage to transmit the 
power through the rope-cable. In addition, it was shown that an 
increase in the frequency of voltage along the rope-cable up to 
10 kHz leads to a decrease in the weight and size parameters of 
the input step-down transformer for the underwater part of the 
power supply by more than 2 times. An undesirable consequence 
of increasing the frequency of the supply voltage is an increase in 
the reactive (capacitive) component of the rope-cable current. 
Compensation of the reactive component of the current is 
performed using the magnetization inductances within the 
transformers of the onboard and underwater parts of the power 
supply. The manifestation of the wave effect in the rope-cable of 
the power supply with an increase in the frequency of voltage 
transmission is considered. A condition for representing a rope-
cable  as  a  distributed  parameterline  is  given.  A  method  for  
calculating currents and voltages at any point of the line is 
presented. The nature of the change in the voltage amplitude 
along the rope-cable has been investigated. Mathematical 
modeling of the power supply of the remote-controlled 
underwater vehicle with a rope-cable, with power rating over 65 
kW for a distance of up to 11 km at  a frequency of 10 kHz was 
carried out. The voltage waveforms were obtained at the 
beginning and at the end of the rope-cable. The non-linear nature 
of voltage change along the line was confirmed. 

Keywords: remote-controlled underwater vehicle, power 
supply, rope-cable, voltage, frequency, transformer, overheating, 
losses 

REFERENCES 
1. Yastrebov V.S. Teleupravlyaemye podvodnye apparaty. 

[Remote-controlled underwater vehicles]. Leningrad, Ship 
building Publ., 1973. 199 p. (In Russian) 

2. Ignatova A.M. Underwater Vehicles for Geological Re-
search. Gelendshic, Yuzhmorgeologia Publ., 1990. 

3. Albitar H., Dandan K., Ananiev A., Kalaykov I. Underwater 

robotics: surface cleaning technics, adhesion and locomotion 
systems. International Journal of Advanced Robotic System. 
2016, no. 13(1), pp. 1-14. doi: 10.5772/62060 

4. Rulevskiy V.M., Dementev Yu.N., Bubnov O.V. Power 
supply systems for alternating current underwater vehicles 
above 10 kW. Izvestiya Tomskogo politekhnicheskogo uni-
versiteta. [Proceedings of Tomsk Polytechnic University], 
2004, vol. 307, no. 5, pp. 120-123. (In Russian) 

5. Mishin  V.N.,  Rulevskiy  V.M.,  Yudinczev  A.G.  Power  sup-
ply systems for remote-controlled alternating current under-
water vehicles above 10 kW. Izvestiya Tomskogo 
politekhnicheskogo universiteta. [Proceedings of Tomsk 
Polytechnic University], 2013, vol. 322, no. 4, pp. 107–110. 
(In Russian) 

6. Rulevskiy V.M. Calculation of optimal alternating current 
voltage and frequency in a three-phase rope-cable power 
supply system of an underwater vehicle. Doklady TUSUP 
[Reports of TUSUP], 2019, no. 2(22), pp. 121–127. (In Rus-
sian). doi: 10.21293/1818-0442-2019-22-2-121-127 

7. Glazyrin A.S., Isaev Yu.N., Kladiev S.N., Leonov A.P., 
Rakov I.V., Kolesnikov S.V., Langraf S.V., Filipas A.A., 
Kopyrin V.A., Khamitov R.N., Kovalev V.Z., Lavrinovich 
A.V. Calculation of linear electrical parameters of an oil-
submersible cable. Izvestiya Tomskogo politekhnicheskogo 
universiteta. [Proceedings of Tomsk Polytechnic Universi-
ty], 2021, vol. 332, no. 6, pp. 186-197. (In Russian) doi: 

8. Meleshin V.I. Tranzistornaya preobrazovatelnaya tekhnika 
[Solid state converter equipment]. Moscow, Tekhnosfera 
Publ., 2006. 632 p. (In Russian) 

9. NPP Gammamet: http://www.gammamet.ru/index.php/ru/ 
gm/comp-fix (accessed 28 August 2020) 

10. Balyan R.Kh. Transformatory dlya radioelektroniki. [Trans-
formers for radio electronics]. Moscow, Soviet Radio Publ., 
1971. 720 p. (In Russian) 

11. Nejman L.R., Demirchyan K.S. Teoreticheskie osnovy el-
ektrotekhniki. [Fundamentals of electrical engineering]. Len-
ingrad, Energy Publ., 1967. 517 p. (In Russian) 

12. Cherkashin M.V., Babak L.I. Linii peredachi i soglasuyusc-



-  
 

. 4(57). 2022 35 
 

chie tsepi dlya SVCH MIS [Transmission lines and matching 
circuits for SVCH MIS]. Tomsk, Tomsk State University of 
Radio electronic control systems, 2010. 54 p. (In Russian) 

13. Pravikova A.A. Cable as a circuit with distributed parame-
ters  in  the  power  supply  system of  a  remote-controlled  un-
derwater vehicle. Trudy XIV Vserossiiskoy nauchnoy konfer-
entsii molodyh uchenyh “Nauka. Tehnologii. Innovatsii” 
(NTI-2020). [Proceedings of XIV All-Russian scientific con-
ference of young scientists "Science. Technology. Innova-
tions" (NTI-2020)]. Novosibirsk, 2020, pp. 56-60. 

(In Russian) 
14. Bessonov L.A. Teoreticheskiye osnovy elektrotehniki [Fun-

damentals of electrical engineering]. Moscow, High school, 
1996. 623 p. (In Russian) 

15. Rulevskiy V.M. Energoeffektivnye sistemy elektropitaniya 
glubokovodnyh teleupravlyaemyh podvodnyh apparatov: 
Doct. Diss.  [Energy  efficient  power  supply  systems  for  re-
mote-controlled deep-water vehicles. Doct. Diss.]. Tomsk, 
2019. 352 p. (In Russian) 

., . -
-
 

 //  
. 2022.  4(57). . 29-35. 

https://doi.org/10.18503/2311-8318-2022-4(57)-29-35 

 Pravikova A.A., Rulevskiy V.M. Influence of Voltage 
Transmission Frequency through the Rope-Cable on Loss-
es, Weight and Size Parameters of the Underwater Vehicle 
Power Supply. Elektrotekhnicheskie sistemy i kompleksy
[Electrotechnical Systems and Complexes], 2022, 
no. 4(57), pp. 29-35. (In Russian). 
https://doi.org/10.18503/2311-8318-2022-4(57)-29-35 

  


