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Abstract. Underground is one of the most important meangaofsport in big cities. Due to
the constant increasing numbers of vehicles, itadrout that in cities with populations over 1
million only underground is able to solve the prgbl of mobility. Besides a number of
positive qualities, underground has a significaisadvantage — high power consumption.
There are several methods of its power consumimnease. One of the most efficient is the
usage of energy storage devices in undergrounéraysthe aim of this article is to compare
different methods of power consumption decreasimghoose the best type of energy storage
device placing and prove it by calculations.

1. Introduction
There is an increasing trend in modern transpodnmenith cycle operation such as underground.
Therefore, such vehicles have a large reserve oétiki energy, which can be used through
regenerative braking.

Two main directions could be pointed out accordioghe principle of vehicle kinetic energy
conversion and energy recovery:

1. Vehicle kinetic energy conversion using the tractielectric motor working in the
generator mode and its subsequent transmissitre toverhead catenary (to other consumers).
2. Kinetic braking energy accumulation directly altbasing energy storage devices [1].

For vehicles with the common source of supply (@atg), the efficient usage of energy generated
in braking is possible on other vehicles. In thesimection, there is a task of probabilistic assessm
of using the energy regeneration on other vehioemsed in the same feeder or substation areas [2].

2. Probabilistic assessment of regener ation acts exemplified by Novosibirsk Metro
Probabilistic assessment of recovery acts can fierpeed on the basis of overall probability formula

P(A) =Y P(H)P(A, ) &

where A — act of recoveryH; — suspects that vehicie has the traction mode and restraint event;
%‘ — the recovery for vehicle.
I

The probability of an event is defined by formulas:

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

IPDME 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 87 (2017) 032037 doi:10.1088/1755-1315/87/3/032037

tmi
P(Hi):t e
_ [ (2
P L S—
(%') txi Ttoi ~tmi

wheret,, — time ofi vehicle traction mod t,; — travel time of vehicle on the sectic t,; — time of

stationi vehicle stopy,, —time ofk vehicle regenerative braking.

The data dér the probabilistic assessmeniere taken from thdractior-energy calculations
performed by the procedur8][in MathCad software packacTime intervals oftrains movement on
the plain trackand stopping timewere used according to the Novosibingsikdergrounddata. The
calculation was performed for the Leninski line.

The interval and number afatin pairs depend on passenger traffic, which variesrbg ofthe day
and by daysf the week, so it is advisable to perform caldaks for different ource data. The
calculation results are given in Figur:
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Figure 1. The probability ofcoincidenc traction and braking acia differenttime and day of the
week

The calculation resultsave showithat usage of the energyenerated by the train during brak,
will not give a sibstantial energy saving effe The probabilityof coincidence acts of traction a
braking in one substitution argath the maximum number of trains paissnot greater than 0.2 This
result wagyained for the adherence of existing timet:

While energy consumeri overhea catenary are absent, tlemergy maybe accumulated in
various energy storage devices.

The problem of energy usage in ¢ of consumerbsence can be solved by installing the en
storage device (ESD) in thmwer supply system or on bo of undergroundrain [4-6]. When ESD
is installed in the power suppsystem, its aim is accumulation of surphrakingenergy, as well as
raising the average level wbltage in catenary.

The most efficient use of electric braking energyachieved wheESD is installed directly o the
metro train[7]. The circulation of energy aboar vehicle leads to an increase in energy efficie
due to thedck of catenary loss:
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3. Selection and calculation of energy storage capacity for metrotrain
Selection of the capacitive storage unit was chodea to the advantages of its characteristics
compared to other types of energy storage devRled his type of the storage device also meets the
basic requirements of energy storage devices éutrét traction systems [9].

Nowadays the most common types of metro train {2BA/714. It is therefore appropriate to make
calculations of energy storage capacity exactlyttia type of metro train.
Optimum capacity of energy storage device workimguffer mode as a function of breaking speed is
defined by formula [8]:

[Meqaoatﬁvfzg 4] ZEEW(V)} @, (V) B, 0510 -7,)]
K mjnom , (3)

c.\V)=

where M o, — equivalent vehicle weight/,\/.— speed of start and end of breaking mogg;—
energy consumption for overcoming the tractionstesice forcess, (V) — traction motor efficiency;
N-r— Pulse-type regulator efficiency},, — energy storage efficiency; - energy storage depth
discharge index (when discharge reaches a halperation voltageKj = 0.75).

Meq H.03

V= { Ki W2 5 V) G pr{1-[050-neg [} lees— 2w W)}%
(4)

The mathematical modeling of the metro train res@dhat the start speed of braking mode is in the
range of 41-45 km/h, which corresponds to the gndayice capacity 60F. The mass of the energy
storage device is 3904 kg

4. Theinfluence of metro train massincrease on specific energy consumption

The metro train mass increases when energy stategee is placed on board. This leads to the
energy consumption increasing. First of all itimnected to the fact that in order to achievestrae
vehicle speed, it needs to store a greater amdumietic energy [10].

The increase in metro train mass will result in ith@ease of energy consumption for overcoming
the traction resistance forces, because dependemg) and w (V) are presented in a specific
format. The energy consumption for overcoming thetton resistance forces as a function of the end
vehicle velocity can be calculated by formula:

EWO(V) = WO(V) (M v [V[t(V), (5)

where M, — vehicle weight,v — vehicle velocity;t(v) — time needed for the vehicle acceleration to
end velocityV
The functiont(v) is defined by the formula:

-1

t(v) = I[3.6 a(v)] dv, (6)
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F(V) ~wo(V) [M,
1021+ y) tm,

where a(v) = — vehicle acceleration.

Then the total energy consumption (for towage wéto slope) is:

AV) = 051021+ ) (i, V2] + o (v) T, (OBAVTI(Y), )

Increased energy consumption due to the vehicles masesase is:
AAW) = 051021+ ) CAM, 7]+ wo (V) M, COBLVEH(Y). ®)

As calculations show, the mass of energy storageeléor metro train is about 3904 kg. Table 1
shows the calculation results of energy consumptimrease by formulas (7) and (8). In the
calculation, the mass of a standard loaded medno is 56 tons.

Table 1. Power consumption increase in % when energy geatlavices are placed on board

V, km/h A4, kJ A4, k] A% =B4/,-100%
10 720 43,2 5.89
20 2160 129.6 5.89
30 4212 252.72 5.89
40 8280 496.8 5.89
50 12960 777.6 5.89
60 18360 1101.6 5.89

Calculations show that an increase in energy copsamis around 6%. These results can be
regarded as satisfactory in comparison with paaébgnefits of placing the energy storage device
metro train board.

It should be noted that in the next few years fhecsic energy storage capacity is expected to be
increased along with almost constant cost. The ris@ne is the energy storage device placement.
Although the calculated energy storage mass anedrdilans allow one to place it instead of braking
rheostats. These indicators are acceptable foggiséorage device placement on metro train.

5. Conclusion

1. As a result of the probabilistic calculation of theergy generated in braking on the Leninskaya
line of the Novosibirsk Metro, it was found that time of the least intervals, the probability of
adherence of two metro train and braking acts @ansubstation area and does not exceed 0.35;

2. The problem of energy recovery in case of the casiabsence can be solved by installing
the energy storage devices on the metro train board

3. The capacitive storage device was chosen due toathvantages of its characteristics
compared to other types of energy storage devices.

4. Calculations to determine the influence of incnegsinetro train mass on the specific energy
consumption were also carried out. The increasnergy consumption is around 6%, which can be
regarded as satisfactory as compared to energggsattiom using energy storage devices placed on
metro trainwhich can reach 35-40% of the energy consumedeitréittion mode.
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