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IMPROVING CURRENT COLLECTION IN THE TRANSPORT
SYSTEM OF THE TYPE “HYPERLOOP”

Background: the vehicle moved in the pipe with rarefied air with at high speed
provides high productivity, safety, sustainability, comfort and independence from the
atmospheric phenomena.

Aim: improvement of current collection at the speed range of 500-700 km/h.

Method: the method of decreasing the wear of the contact insert by using disulfide
solid grease.

Results: the solution of magnetohydrodynamics equations for the grease layer allowed
us to define the optimal grease layer thickness.

Conclusion: the use of this grease is advisable in an alternating current. In this case
the wear of the contact insert, the degree of sparking and the electromagnetic noise are
decreased.

Keywords: rarefied air, tube, perforation, sliding current collector, wear, disulfide
solid grease, magnetohydrodynamics.
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ZTpeHI/IHFOBHﬁ neHTp OO0 «Cumenc MoOMIBHOCTEY
(Canxkr-IlerepOypr, Poccus)

VAYUIIEHUE TOKOCBEMA B TPAHCIIOPTHOH CUCTEME
THUIIA "HYPERLOOP"

O0ocHoBanme: TpaHCIIOPTHOE CPEACTBO, MEpeMelIaeMoe B TpyOe C pa3perKeHHBIM
BO3JlyXOM C BBICOKOH CKOPOCTBbIO, OOECIEUMBACT BBICOKYIO IPOU3BOIUTEIHHOCTD,
0€30IaCHOCTb, IKOJOTHYECKYIO YUCTOTY, KOM(OPTHOCTh U HE3aBUCUMOCTh OT aTMOC(EPHBIX
SIBJICHU.

Heab: ynydimeHue Tokochema B ckopoctHoM auana3zone 500-700 km/ga
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Metoa: Pa3zpaboTaH MeToJ yMEHBIIEHUS M3HOCA KOHTAKTHOW BCTaBKHM Ha OCHOBE
WCTIOJIb30BAHUS AUCYIb()UTHON TBEPON CMA3KH.

PesyabTaThl: peuieHUEe ypaBHEHUN MAarHUTOTUAPOJMHAMMKHU JJII CMA304HOIO CJOs
II03BOJIMJIO BBISIBUTH ONITUMAJIbHOE 3HAYEHHE TOJIIIMHBI CMa304HOTO CJIOSL.

3ak/r04eHHe: MCIO0JIb30BAHNE JAHHON CMa3Ku 11es1eco00pa3HO Ha MEPEMEHHOM TOKE
IIpU 3TOM YMEHBUIAETCS M3HOC KOHTAKTHOM BCTAaBKHM, CHW)KAIOTCSI CTEIEHb HCKPEHUS U
YPOBEHb IEKTPOMArHUTHBIX IOMEX.

Knrwouegvle cnosa: pa3pexeHHbI BO3yX, TpyOa, mephopupoBaHHE, CKOJIB3SIIUI
TOKOCHEM, U3HOC, AUCYIb(UIHAS TBEpasi CMa3Ka, MarHUTOTUPOIMHAMUKA.

INTRODUCTION

Currently, the revival of interest towards transport systems in which
passenger capsules travel at speeds of ~ 1000 km/h [1] is observed. To reduce
front resistance of the capsule, it envisaged to created technical vacuum in the
tube, which necessitates application of a large number of pumps, and leads to
the problems associated with maintaining vacuum in the tube. As researches by
the Department of Electrical and Heat Engineering at PGUPS showed, there
exists an original technical solution to this problem, which is about creating
rarefied air medium in the tube (pressure is supposed to 2-3 times less than the
atmosphere). For partial compensation for emerging front aerodynamic
resistance, it envisaged to use a perforated shell of the front part of the capsule
with forced pumping out of the oncoming air through holes in the shell, with
subsequent withdrawal of the air to the space behind the rear part of the capsule

[2].

It needs pointing out that this solution envisages more modest speeds of
the capsule, that is ~ 600 — 700 km/h.

The reduction of speed allows the use of traditional sliding current
collector in these transport systems, which has a positive effect on the weight
and dimensions of the capsule.

In connection with the aforesaid there is a problem of maintaining
appropriate quality of the current collector system, in particular reducing wear of
the elements of contact pairs. Currently, there are many ways to reduce wear.
One of them is through application of solid greases, for instance, based on
molybdenum disulfide MoS; [3].

In application of molybdenum disulfide grease in electrical sliding
contacts (SC), it is necessary to take into account not only physical and
chemical, but also electrical features of the sliding contact. The authors have
developed and studied a method of administering solid grease on the basis of
molybdenum disulfide with the help of additional insert that is installed on the
current collector before the current insert.

Consideration of a number of rheological models of solid grease [4]
allowed us to conclude that flowing of MoS, grease under the current insert, as
the current passes, can be described by magnetohydrodynamic equations for
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viscous fluidity. When MoS; is heated to 70-90 °C the molybdenum disulfide
crystals acquire fluidity and viscosity in the directions parallel to its layers, and
the optimal location of crystals on the surface of friction pairs is ensured by the
applied external electrical field [5].

With certain gaps, between the insert and contact wire the emergence of
repulsive force is possible, which tends to detach the insert from the contact wire
and increase transition resistance of the sliding contact.

Magnetohydrodynamic equations for grease layer
Let us consider a plane problem of liquid viscous fluidity (imitation of

grease layer) in the transverse electromagnetic field in semi-infinite space (Fig.
1).

)

Fig. 1. Calculation of Magnetohydrodynamic model of grease:
1 — current insert,
2 — contact wire,
E — electrodynamic force source,
R — power supply circuit resistance.

The general equation of movement of grease in the electrodynamic field is
as follows [6]:

p{%+(V-V)-V}=—Vp+nVZV+u<jxH),

where p — grease density, V — grease flow velocity (contact insert movement
velocity), p — pressure between contact insert and contact wire, n - dynamic
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viscosity of grease, j — current density in the contact, H — magnetic field
strength in the area of contact.

If we consider a stationary plane-parallel problem, the equation of this
liquid grease motion will be as follows:

—Vp+nVV+u(jxH) =0

The equations for the plane boundary layer of the equation of magnetic
hydrodynamics will be like:
ou oau
_+_:
oX oy
2
O=—1@+v8—g—gp uHZz,
pox oy
here u — longitudinal constituent of the velocity vector, v - magnetic layer
viscosity, o - specific conductivity of grease, u - absolute magnetic permeability
of grease, H, - magnetic field strength in the area of sliding contact.

0,

The last motion equation can be put down as:

0 ofu .
0=—8—§+,UW—J>,BO, (1)
where jy — current density in the contact, B — magnetic induction in sliding
contact.

Distribution of grease layer is expressed as the function of coordinate x:

h(x) =h, —kXx ,

b - current insert width.

BCTaBKH ! BCTaBKHU

where k. = —hy)/b

If secondary effects are ignored, then equation for I-V curve of SC can be
put down as
I, =o(E, +UB,),
Jx =&,
J, =c(E, —uB,).
Now, from the equation v-j=0 and h<<k, and j,>>j, it follows that
.
;_;’zo and j, are essentially only function of z and x. The value By is not
constant, but a function of the current and the coordinate x.
The equation (1) cannot integrated analytically, and an approximate
solution can be obtained only for very large or very small Hartmann numbers

[7].
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2,2
BSh' o
M2=_01" (2)
n

For the case considered, the Hartman number has an order of 107 [6],
consequently, the approximate solution can be obtained analytically. Besides,
the small value of the Hartmann number suggests a simplified task solution:
aggregate force field is determined by the superposition of hydrodynamic and
electromagnetic field effects.

The equation (1) can be integrated using boundary conditions: y=0 at u=V
and y=h at u=0.

4=y (G BB ) (), (4)

The specific conductivity value can be determined from the dependence
presented in Fig. 2 [8] for the corresponding temperature of the sliding contact
elements.

The consumption of grease can be expressed through velocity integral of
the grease thickness.

Q=iudy=—12—i P e (5)

ox10™,
(Ohm,xcm_)

oL

oL
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Fig. 2. Dependence of specific conductivity of MoS, on temperature

Using boundary conditions [9], distribution of pressure can be found:

X V X .
p:—lZpJ‘(%—W)dX+ Bojjydx. (6)
0 0
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On the basis of the Ohm’s Law the distribution of the current density can
be determined; it will be expressed through electrical field strength and flow
speed. The transient voltage drop in the grease layer is determined by the
following ratio:

h
AU =—J'Eydy (7)
0

Transient voltage drop in the point y=0 should equal 0.
Integrating this expression for the current density (3):

h h
jyh=chydy—cBojudy (8)
0 0

and, using the expression for grease consumption, we can determine the current
density:

iy =1 (B, Q+ AU). 9
Using the second boundary condition p=0 at Xx=bjneer.
bchBKn Q V bBCT‘dBKI/I
O:—12u _[ —3——2)dX+ BO J. jde (10)
0 h® 2h 0
Full current is determined by ratio:
| = ‘“T?;dx. (11)

0

Using the relation (10), consumption rate of grease can be determined:
h0

o T kes1en
Q=—-L—|V+— Oh 0 (12)
{h"j T
h, s
Then transient voltage drop equals
kI
AU = - +B,Q . (13)
cln-2
1
Distribution of current density on the surface of the insert:
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: kI 1
j, = = (14)
Inh—o h
h,
For convenience, the coefficient 3 is introduced:
kh, B, |
=_—00 15
B="ary (15)
Distribution of relative pressure between the insert and contact wire:
_ . o1 -
n, (h?x)J e [h?ox)j -
—- X
p(X) = (_0 _l) - (_0 _1) 2 +B h - 2 . (16)
h(x) h, (hoj Ino (hOJ
21 -1 h 01
h, 11 1 h, |

The bearing capacity of MHD layer in relative units is determined by
pressure integral of the insert length:

S N e i e
W= [ Pdx=1 20 (o g 1 Y AL PR . (17)

0 hy h h (hOJZ inno (hon
g H g
h, v lh) T

From the analysis of expression (17) it is possible to offer the optimal way
to reduce the excessive pressure under the insert, which is about maintaining
equality:

b, 18
hl (18)

With such a combination there is no excessive pressure between the insert
and contact wire. In case of upward deviation of ratio the ratio (18), the increase
in the transient voltage drop is observed, and consequently in the electrical
losses in the contact. The deviation to the area of low values results in a
cavitation process and increases mechanical losses in the SC.

Practically, this ratio is achieved either by adjustment of pressure for
disulfide insert, or variation of its contact surface.

The correctness of this hypothesis can be checked indirectly by examining
such characteristics of the CS as wear of the insert or by examining the transient
voltage drop in the contact.

In order to undertake the experiment on finding optimal working
conditions for molybdenum disulfide, a bench was created on the basis of an
induction machine with a phase rotor AK-52 (AD) with a capacity of 4.5 kW.
Here the contact wire was imitated by a contact ring, the current insert — by MG-
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4 conductive brushes (contact area of the brush Sy,=1.6 cm?, pressure on the
brush p,=400 g/cm?), disulfide insert — by an additional brush of molybdenum
disulfide. The pressure on the additional brush varied in the following levels:
po) = 100 g/lcm?, 250 g/lem?, 400 glcm®. The contact area of the additional brush
was S(py = 0.4 cm?, 0.8 cm?, 1.2 cm®. This was 25%, 50% and 75% of the contact
surface of the conductive brush. The experiment was repeated three times. The
values of wear were determined by an arrow indicator followed by specification
by weighing on an analytical scale. At realisation of the given experiment within
twenty hours the mathematical model of deterioration in relative units is
received:

(19)

_ : Y :
I}, =0.026+0.0086-S () +0.0114- p{yyy +0.015-8

2
()

The graphical interpretation of the polynomial obtained is given in Fig. 3.
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Fig. 3. Graphical interpretation of the polynomial of the MG-4 brush wear

The minimal value of the brush wear is observed in the point, where MHD force equalled 0.
For the system in question, this makes Spy(min)=0,9 cm?, Po)Min)=150 glem?.

Summarising, it should be noted that the use of molybdenum disulfide on
the given grease of AD with the optimal combination of pressure on the
additional brush and its contact area, allows reduction of the wear of the
working brushes by 1.7-2 times [10-15].
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Conclusions

Using solid molybdenum disulfide grease considerably decreases wear of
the current inserts, and large contribution to the effect observed is made by
electrical field, that orients the crystal in a direction that the friction becomes
Magnetohydrodynamic.

Solving the MHD equations for grease layer enables determination of an
optimal value of the grease thickness. Theoretical solution of the problem
coincides well with the experimental data. For the certain contact pair, the
combinations of pressure and contacting area of additional brush have been
determined; additional brush imitated disulfide insert, that ensures an optimal
value of the grease layer.

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
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