83 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Transport”

UDC [VIK] 656.34
DOI: 10.17816/transsyst20195283-91

© Evgeny Yu. Sundukov, Nadezhda A. Tarabukina
Komi Science Centre of Ural Division of the Russian Academy of Sciences
(Syktyvkar, Russia)

THE USE OF THE BILATERAL LEVITATION OF TRANSPORT PODS
RELATIVELY TO THE ARCH TRESTLE

Background: The arch trestle allows using two working surfaces: internal (under the
arch) and external (over the arch) which may be used for moving of the transport pods.
Transport pods include magnetic field sources, and the trestle is equipped with a stator
winding. The stator winding is subdivided into the accelerating winding and suspension and
levitation winding. As an option, the winding providing levitation can be replaced with
permanent magnets.

Aim: to show capacities of the arch trestle for transportation of passengers and goods.

Methods: patent search, modeling.

Results: simultaneous transportation of goods and passengers is possible both in the
same and opposite directions.

Conclusion: the efficiency of the transport system increases due to bilateral
movement of modules.

Keywords: arch trestle, magnetic levitation, transport pod, stator winding, magnetic
field source, cargo cabin, passenger cabin.
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UCIHOJIb30BAHUE JBYXCTPOHHEM JIEBUTALIUA
TPAHCIIOPTHBIX MOAYJEH OTHOCUTEJILHO
APOYHOM 3CTAKAJBI

OOocHoBaHMe: ApouyHas HCTakaja IMO3BOJIET HCIHOJB30BaTh JBe pabouune
MOBEPXHOCTU: BHYTPEHHIOIO (O]l apKOil) M BHEIIHIOW (HAJ apKoii), KOTOpbIe MOTYT OBITH
3aJIeliCTBOBAHbl I TEpEMEIIEeHUs] TPAHCIOPTHBIX Moayned. TpaHCIOpTHBIE MOAYIH
BKJIIOYAIOT B ce0s MCTOYHUKM MarHUTHOTO TMIOJIsA, a 3CTakaja oOOpyayeTcsi CTaTOpHOU
oOMmoTko#. CtatopHass 0OMOTKa MOJpa3/iesisieTcsi Ha ycKopsomyo (propulsion) oOMOTKYy H
00OMOTKy, oOecrneuyMBaroIlyi0 MOAHATHE WIM nojBemuBaHue (levitation) TpaHCIOPTHBIX
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moxynei. Kak BapmanT, 0OMOTKa, oOecrieunBaromias JEBUTAIUIO, MOXET OBITh 3aMEHEHA
IIOCTOAHHBIMU MarHuTaMm.
Heab: moka3arh BO3MOXHOCTH apOYHOM 3CTakajbl Ui MEPEBO3KU TMACCAKUPOB U

rPY30B.
MeToapbl: MaTEHTHBIN MTOUCK, MOJICIIUPOBAHUE.

Pe3yjbTaThl: BO3MOXKHA OJHOBPEMEHHAs TEPEBO3KA T'PY30B M IMACCAKUPOB KaK B
MOTTYTHOM, TaK M MPOTHUBOIIOJIOKHOM HAIPaBICHUSIX.

3akioyeHue: TmoBbIIAECTCS S((GEKTUBHOCTh TPAHCIIOPTHOM CHCTEMBI 3a CUET
IBYXCTOPOHHETO MEPEMEIICHHUS MOTYICH.

Knrouesvie cnoga: apounas >cTakaza, MarHUTHAs! JIECBUTALUS, TPAHCIIOPTHBIA MOYJIb,
cTaTopHasi 0OMOTKa, MICTOYHUKH MarHUTHOTO MOJIs, Tpy30Bas KaOMHa, naccaxupckas kaOuHa.

Introduction

The elevated transport systems find extended use in passenger and cargo
transport. Among them there is:

maglev [1],

vacuum [2],

monorail [3],

string and other types of transport, as well as combination of constructive
elements.

In many cases, when affordability of passenger and cargo transport comes
in the first place followed by its massive application, i.e. in Russia’s northern
regions, it is small-size elevated transport systems that can be more efficient and
reliable [4]. In particular, the SkyWay test facility near Minsk, Yunitsky string
transport line tests are underway, that use new infrastructure element, that is
arch-type supports for rigid track structure [5]. The hanging and suspended
passenger and cargo pods will be used as rolling stock. The string transport
engineers consider the steel wheel-rail interaction to be one of the most
significant aspects of the system’s functioning.

Unlike string technologies, the maglev technologies enable contactless
movement of transport pods (vehicles) relatively to the elevated track, which
excludes friction whatsoever. The air resistance is the only phenomenon left to
be overcome at the speeds of more than 300 km/h.

Description of arch trestle and transport pods

The T-formed (German) and U-formed (Japan) designs of maglev systems
have acquired the most widespread usage.

This paper covers possible options of development of small-size maglev
systems using arch-type supports or (]-formed arch-type trestle [6]. The spans
are commonly a rigid structure, equipped with magnetic field sources, that
provide acceleration and levitation/suspension of transport pods [7].
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The arch trestle allows using two working surfaces for transport pods: the
internal (under the arch) and the external (above the arch). Depending on this
design, the transport pods can be either top-mounted (upper arrangement) and
suspended (lower arrangement).

The main elements of the transport pod are cabin (passenger or cargo) and
mover (one or several). The mover is a unit with permanent magnetic field
source (PMFS) to interact with the magnetic field sources in the trestle, that
provide propulsion. The mover and the cabin can be connected either directly or
through mechanical joining, or by other methods.

The propulsion of the transport pod can be created by virtue of the linear
electromagnetic motor, for which the trestle is equipped with the stator winding.
To ensure the best magnetic force, the windings of the electromagnets can be set
inclined relatively to the transport pod motion direction [8].

The sources of the trestle magnetic field that provide levitation of the
transport pod can be either permanent magnets or electromagnets. In the latter
case, the trestle is equipped with additional stator winding of the motion limiter

[9].

“Stator—-mover—cabin” and “stator-mover—propulsion—cabin”
configurations

The below-presented arch trestle designs were developed by the authors
of this paper, formalised with RF patent application Ne 2018144317 of
December 14, 2018; the patent application received formal approval.

Fig. 1 shows one of the possible configurations of the arch trestle
transport system with double-sided levitation of the transport pod, with the top-
mounted cargo pod (“stator—-mover—cabin” option) and the suspended transport
pod (“stator—-mover—propulsion—cabin’ option), where:

1 — cargo transport pod cabin;

2 — cargo transport pod mover;

3 — cargo transport pod permanent magnet providing levitation;

4 — arch support;

5 — stator winding for levitation of cargo transport pod;

6 — stator winding of electromagnet;

7 — passenger transport pod;

8 — passenger transport pod cabin;

9 — passenger transport pod mover;

10 — connection rod;

11 — permanent magnetic field source for passenger transport pod;

12 — beam structure to accommodate mover and permanent magnetic field
source for levitation of passenger transport pod,;

13 — support surface.
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Fig. 1. Arch trestle transport system with double-sided levitation:

1 — cargo transport pod cabin; 2 — cargo transport pod mover; 3 — permanent magnetic
field source of cargo transport pod providing levitation; 4 — arch trestle; 5 — stator winding for
levitation of cargo transport pod; 6 — electromagnet stator winding; 7 — passenger transport
pod; 8 — passenger transport pod cabin; 9 — passenger transport pod mover;

10 — connection rod; 11 — permanent magnetic field source for levitation of passenger
transport pod; 12 — beam structure to accommodate mover and permanent magnetic field
source for levitation passenger transport pod; 13 — support surface

In this configuration, the mover 2 of the cargo transport pod is fixed
director to the cargo cabin 1, just like permanent magnetic field sources 3 that
create levitation of the transport pod. The stator winding 5 for levitation is
located on the left and right of the electromagnet stator winding 6, which has a
dual purpose: it simultaneously gives acceleration to both the cargo (top-
mounted) and passenger (suspended) transport pods.

The passenger cabin 8 and the mover 9 of the pod 7 are connected by the
connection rod 10. The mover 9 is used both to provide levitation of transport
pod and to propel it. Levitation is achieved when the permanent magnetic field
source of the mover 9 interacts with the permanent magnets 11 located along the
entire length of the trestle inside the beam structure 12. The mover 9 travels
within the structure 12 under the forces of acceleration when certain coils of
winding 6 are fed by the current, and thus the transport pod 7 travels with it. At
the same time the cargo transport pod travels together with the mover 2.
Depending on the polarity of permanent magnetic field sources in the movers 2
and 9, the top-mounted and suspended pods will travel either in same or
opposite direction.
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The arch trestle maglev systems are capable of providing transportation of
cargo and passenger in forest and swamp areas, as well as efficient response to
snow banks and other weather conditions. Suspended cabins in these cases will
be even more protected (Fig. 2).

The directing beam

The arch
The electromagnet trestles

winding

The sources of
constant

Aframe magnetic
field

A cabin

Fig. 2. Arch trestle maglev system with suspended pod

The supports and the guideway of the trestle can be made of plastic. The
application of composite materials provides increase of durability and corrosion
resistance of the structures [10, 11]. The weight of glass plastic makes only 20%
of the similar reinforced concrete structure.

The sources of permanent magnetic field can be powerful rare earth
elements magnets [12, 13].

As it was said above, the mover can accommodate the permanent
magnetic field source too. It is desirable that the magnetic field of the mover
should be induced, and the induction value should be set depending on the
weight of the cabin and motion conditions. This function can be provided by
disk-shaped cryostat, which has superconducting magnetic field source.

It is assumed that mover will be an intelligent device and, in addition to
the magnetic field source, will contain a computer that determines the allowable
loads, the route of travel, etc.

“Stator—-mover-traveller—cabin” option

The next step in development of these transport systems can become
contactless connection of the mover and the cabin, which is provided by
magnetic potential pit [14], which is based on interaction of two ideally
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conducting rings. One of them will be the permanent magnetic field source of
the mover (Fig. 3). We will call it traveller. In this case the guideway will be
continuous beam, which will enable us to create favourable conditions for
motion of the mover and stabilisation of its alignment. The traveller will repeat
the motion of the mover.

The directing beam

The arch

The electromagnet
trestles

winding

The sources of
constant
magnetic

field

The mover

The traveller

The cabin
crest

A cabin

Fig. 3. Arch trestle maglev system with suspended pod and contactless between
the mover and the traveller

Depending on the cabin weight and sizes, several types of travelers can be
installed on it, each having its “personal” mover.

The mover located in highly rarified medium can travel at high-speed.
However, the cabin travelling at high-speed will be subject to counter-airflow
resulting in heating. Therefore, the speed of the cabin and the mover should not
exceed the critical value of 300 km/h.

At the system’s construction stage [15], the structure of the trestle and
transport pod can include safety elements to prevent possible damage, e.g. in the
event of loss of the superconductivity of the permanent magnetic field source of
the mover. With improvement of technology, these elements will become
atavisms.

In the conditions of northern Russia, it is recommended that the enclosed
arch trestle should be used [7]. In the areas without great wind loads and snow
banks, it is also possible to use design options for the arch trestle proposed by
the authors (see Fig. 2, 3). At the same time, the transport pods are equipped
with the ridges, the height of which provides safe distance to the magnetic field
sources, located in the beam structure [6].
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Conclusions

The transport systems with double-sided levitation of transport pods
relatively to the arch trestle can be used for transportation of passengers and
cargo with speeds up to 300 km/h, and at the same time:

— it is desirable that small-sized pods should be used;

— either passive stator winding or permanent magnets provide levitation of
transport pods;

— the active stator winding interacts with the movers of transport pods;

— the ideal conditions are created for movers’ motion;

— the travelers, in cased used, repeat the movers’ motion;

— during construction of arch trestle maglev systems the design solutions of
the innovative transport systems are used.

The authors make it expressly clear that:
1. No conflict of interests has taken or may take place;
2. The present article does not contain any researches with people as the objects
involved.

bubanorpaduueckuii cimcok / References

1. AntonoB [0.®., 3aiinieB A.A. MarauToJIeBUTaIlIMOHHAS] TPAHCTIOPTHASI TEXHOJIOTHS / 10T
pen. B.A. I'ananosuua. — M.: ®USMATIINT, 2014. — 476 c. [Antonov YuF, Zaitsev AA.
Magnitolevitatsionnaya transportnaya tekhnologiya. Gapanovich VA, editor. Moscow:
FIZMATLIT, 2014. 476 p. (In Russ.)]. JocTymHo 1o:
https://elibrary.ru/item.asp?id=23734009. Cceuika aktuBHa Ha: 19.06.2019.

2. Jlamugyc B.M. MarnutHas seBuTanus —  (QyHIamMeHTadbHas ~ OCHOBa  JUIS
CBCPXCKOPOCTHBIX BAKYYMHO-JICBUTAIMOHHBIX TPaHCIIOPTHBIX TEXHOJOTHH //
Tpaucnoprtusie cucremsl U TexHogorun. — 2018, — T. 4. — Ne 3. — C. 26-35. [Lapidus BM.
Magnetic Levitation as the Fundamental Basis for Superfast Vacuum Levitation
Transport Technologies. Transportation Systems and Technology. 2018;4(3):26-35. (In
Russ., Engl.)]. doi: 10.17816/transsyst20184326-35.

3. Bepmmnumna H.B., Tpanesnukop M.b. Baeapenwe MoHOpenabca B TPaHCIOPTHO-
JIOTUCTUYECKYIO CTPYKTYpY peruona // Tpancnopt Ypana. — 2014. — Ne 1 (40). — C. 3—7.
[Vershinina NV, Trapeznikov MB. Introduction of monorail in transport-logistical
structure of the region. Transport Urala. 2014;1(40):3-7. (In Russ.)]. JoctymHo moO:
https://elibrary.ru/contents.asp?id=33948556. Cchiika aktuBHa Ha: 18.06.2019.

4. Hazuu I''U., HoBunkuii B.®., Coxonos B.I'., llleuenko H.I'., FOuuukuii A.3. HoBkle
TCXHOJIOTHUN B CO3JaHWU TPAHCIOPTHBIX CHCTECM CCBCPHBIX M BOCTOYHBLIX PCTHUOHOB
Poccuu // Cubupckas ¢punancosas mkosa. — 2006. — Ne 4. — C. 1-9. [Nazin Gl, Novitskii
VF, Sokolov VG, Shevchenko NG, Yunitskii AE. Novye tekhnologii v sozdanii
transportnykh sistem severnykh i vostochnykh regionov Rossii. Sibirskaya finansovaya
shkola. 2006;(4):1-9. (In Russ.)]. Hoctynuo no: https://journal.safbd.ru/ru/content/novye-
tehnologii-v-sozdanii-transportnyh-sistem-severnyh-i-vostochnyh-regionov-rossii.
Ccpuika aktuBHa Ha: 19.06.2019.

5. Homas Tpacca poctpamBaercs B OkoTexnollapke. Caiit «CTpyHHBIE TEXHOJIOTUH
HOnunkoro».  loctymno  mo:  http://yunitskiy.com/news/2019/news20190406.htm.
Ccoinka aktuBHa Ha: 09.05.2019 (In Russ.).

Received: 18.05.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 18.05.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019


https://elibrary.ru/item.asp?id=23734009

90 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

10.

11.

12.

13.

14.

15.

Sundukov EYu, Selivanov LF, Sundukova VE. The Maglev-sistems on the basis of
Trestle of Arch Type. Transportation Systems and Technology. 2018;4(3):72-79. doi:
10.17816/transsyst20184372-79.

CynnykoB E.1O., Koueprun C.M., CenmuBanoB JI.D. Apounasi 3cTakaja ¢ MarHUTHBIM
WA 3JICKTPOMAIrHUTHBIM IMOABCIIWMBAHUCM MaJIOFa6apI/ITHI)IX TPAHCIIOPTHBIX MOI[y.HCﬁ //
Tpancnoptueie cuctembl u TexHojormm. — 2017. — T. 3. — Ne 3. — C. 54-63.
[Sundukov EYu, Kochergin SM., Selivanov LF. Application of Maglev Technologies In
the European Northeast and the Cisural North of Russia. Transportation Systems and
Technology. 2017;3(3):54-63. (In Russ.)]. doi: 10.17816/transsyst20173354-63

[Tarenr P® nHa uzoOperenue Ne 2123946/ 27.12.1996. bron. Ne 36. Cynnykos E.IO.
TpancnopTHass cucTtema. Pexxum goctyma:  https://www1.fips.ru/registers-doc-
view/fips_servlet. Jlata oOpamenus: 29.05.2019. [Pat. RUS Ne 2123946/ 27.12.1996.
Byul. No 36. Sundukov EYu. Transportnaya sistema. Available from:
https://www1.fips.ru/registers-doc-view/fips_servlet (In Russ). Accessed May 29, 2019].
Sundukov E. The stator winding with the inclined rounds. Possible applications. In The
International Maglev Board, editor. Maglev Solutions for People, Cities, and Regions?
MAGLEV 2016. Volume 1 of 2 — Technological Research and Development;
2016. pp. 9-14. [cited 2019 May 29]. Available from:
https://www.maglevboard.net/images/maglev2016/MAGLEV_2016 Band_1 ksv.pdf.
[IepBblii B EBpOnie KOMIIO3MIIMOHHBI MOCT M3 CTEKJIOIIACTHKA BO3BelIeH B ['epmaHum.
WNuxunupunrossiit nentp «Llentp kommnberorepHoro nmwxuaupuara» CIIOITY. loctynHo
mo: http://fea.ru/news/4823. Ccouika aktuBHa Ha: 09.05.2019. (In Russ.).

B HoBocubupckoii 00yacT OTKPBUICS TEPBBIA MOCT W3 cTekioriacTuka. CereBoe
mnanne «HI'C.HOBOCTW». HoctynHo mo: https://news.ngs.ru/more/1865071/. Ccpika
aktuBHa Ha: 09.05.2019. (In Russ.).

HeonumoBbIli MarHUT — camblii  MONIHBIE MarHut B wmupe. JlocTynmHO 1O:
http://joy4mind.com/?p=8647#ixzzSknZ97R9A Ccrinka axktuBHa Ha: 09.05.2019.
(In Russ.).

Marnuthabie pekopabl. JJloctynHo mo: https://habr.com/ru/post/405687/. Ccbuika akTUBHA
na: 09.05.2019. (In Russ.).

Kozope3 B.B. /luHamuueckwe CHCTEMbl MarHMTHO-B3aUMOJCHCTBYIOIIMX CBOOOIHBIX
ten. — Kues: HaykoBa mymka, 1981. — 140 c. [Kozorez VV. Dinamicheskie sistemy
magnitno-vzaimodeistvuyushchikh svobodnykh tel. Kiev: Naukova dumka, 1981. 140 p.
(In Russ.)]. Hocrymuo mo: https://www.ikar.udm.ru/files/pdf/sb63-1.pdf. Ccoiika
aktuBHa Ha: 19.06.2019.

Tepemmna H.IL., Iloacopun B.A. VYmnpaBiieHHE >XM3HEHHBIM IIMKJIOM TEXHHYECKUX
CHUCTEM Ha JKEJIe3HOIOPOKHOM TpaHcnopte. — M.: Bera-Uudo, 2012. — 229 c. [Tereshina
NP, Podsorin VA. Upravlenie zhiznennym tsiklom tekhnicheskikh sistem na
zheleznodorozhnom transporte. Moscow: Vega-Info, 2012. 229 p. (In Russ.)]. octymHo
no: https://elibrary.ru/item.asp?id=21058875. Ccpuika aktuBHa Ha: 19.06.2019.

Caenennst 00 aBTOpax:

CynaykoB Esrennii IOpbeBn4, KaHIU1aT SJKOHOMUYECKUX HAYK, TOLEHT;
anpec: 167982, CeixTbiBKap, yi1. Kommynuctuueckas, 1. 26;

eLibrary SPIN: 8735-7995; ORCID: 0000-0003-0141-8292;

E-mail: jek-sun@mail.ru

TapaOykuna Hagexna AnapeeBHa, CT. UHXEHED;
eLibrary SPIN: 2559-9676;
E-mail: nadandtar@mail.ru

Received: 18.05.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 18.05.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019


https://doi.org/10.17816/transsyst20173354-63
mailto:jek-sun@mail.ru

91 TPAHCHOPTHBIE CUCTEMbI 1 TEXHOJIOI'MH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

Information about the authors:

Evgeny Sundukov, Candidate of Economic Sciences, Associate Professor;
address: Kommunisticheskaya ul., 26, Syktyvkar, Russia, 167982;
eLibrary SPIN: 8735-7995; ORCID: 0000-0003-0141-8292;

E-mail: jek-sun@mail.ru

Nadezhda Tarabukina, senior engineer;
eLibrary SPIN: 2559-9676;
E-mail: nadandtar@mail.ru

MutupoBarth:

CynnykoB E.IO., Tapabykuna H.A. Wcnons3oBaHWe JABYXCTPOHHEW  JIEBUTAIMH
TPAHCHOPTHBIX MOJYJIE OTHOCHUTENBHO apOyHOM dScTakansl // TpaHCHOpPTHBIE CHUCTEMBI U
texunosoruu. —2019. — T. 5. — Ne 2. — C. 83-91. doi: 10.17816/transsyst20195283-91

To cite this article:

Sundukov EYu, Tarabukina NA. The Use of the Bilateral Levitation of Transport Pods
Relatively to the Arch Trestle. Transportation Systems and Technology. 2019;5(2):83-91. doi:
10.17816/transsyst20195283-91

Received: 18.05.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 18.05.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019


mailto:jek-sun@mail.ru

