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ANALYSIS OF CHARACTERISTICS OF ELECTRIC BRAKING SYSTEMS

The technical and energy characteristics of the most commonly used electrical braking systems are analyzed,
their disadvantages are indicated. An electrical braking system with variable structure and DC motors with the best
technical and energy performance is proposed. In the braking mode, the motors operate in series excitation, and the
current in the excitation windings is controlled by a DC-DC converter.
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Formulation of the problem

The technical and energy efficiency of the electric
braking system largely depends on its structure and
method of braking, as well as on how braking energy is
used. Most urban electric vehicles in Ukraine are
equipped with a traction electric drive with DC motors
with sequential excitation and outdated braking
equipment. Therefore, the issues of improving the
electric braking systems of urban electric rolling stock
and increasing their technical and energy characteristics
are very relevant.

Analysis of the latest achievements and
publications

In the countries of the European Union
considerable attention is paid to improving the technical
and energy characteristics of vehicles.

In [1, 2], the technical and energy indicators of the
traction electric drive of tram cars were improved due to
the introduction of electrical equipment such as “TV
Progress” based on a pulse converter from ALSTOM.

In [3], the consumption of electric energy in urban
public transport systems was reduced by auditing their
electrical system.
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In [4], various concepts of traction drive in the
Czech Republic and in the world are discussed and
evaluated, the advantages and disadvantages of the new
concept and the possibility of using outdated systems
are considered.

The purpose and objective of research

The aim of the work is to increase the technical
and energy characteristics of the electric braking system
of urban electric rolling stock based on the analysis of
the most common electric braking systems with DC
motors.

The bulk of research

On electric rolling stock, a system of electric
braking, in which electric motors are operated by direct-
current generators of independent excitation, was
widely used [5]. The excitation windings in this case are
supplied from an adjustable voltage source that receives
energy from the network, and the armature windings are
shorted to the braking resistors (Fig. 1).
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Fig. 1. Scheme of electrical braking during operation of the electric motor by an independent excitation generator
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In such a system, a quick entry into the braking
mode and smooth regulation of the braking force is
provided, since the braking moment of the electric
motor is proportional to its excitation current and the
armature current. The electric braking system generates
braking characteristics (Fig. 2), which is the dependence
of the braking force on the speed of movement B = f
(V), with restrictions on the maximum excitation
current, maximum armature current, commutation — 7 -
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V, and wheel adhesion to rails. A characteristic limited
by the maximum excitation current goes to the origin.
When working on extreme characteristics, the
greatest efficiency of electric braking is ensured.
However, for stopping braking it is convenient to use
the adjusting characteristics with constant force (Fig. 2),
since it is possible to set the deceleration of the electric
rolling stock regardless of the speed of movement.
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Fig. 2. Braking characteristics of the electric braking system during operation of the electric motor by an
independent excitation generator

The disadvantages of such a braking system
include the low braking efficiency at low speeds, since
the resistance of the braking resistors is not regulated. It
has low energy indicators - all braking energy is
dissipated in the braking resistors in the form of heat,
and electric power from the network is used to excite
electric motors. In its absence, electrical braking is
generally impossible.

An electric braking system is also used on an
electrically rolling stock, in which electric motors
operate with dc sequential excitation generators
connected to an adjustable resistor (Fig. 3) [6].

The process of rheostatic braking in such a system
without additional power to the field windings can begin
only if there is a residual magnetic flux that induces an
electromotive force proportional to the rotational speed
of the traction motor. The duration of self-excitation can
be approximately considered proportional to the square
of the resistance of the braking resistor. To accelerate
the first stage of self-excitation, it is possible to quickly

output the rheostat stages or to increase the excitation of
electric motors by connecting their field windings to a
power source. However, there is a danger of the
appearance of excessively high currents, braking force
and voltage on the motors in the final stage of the
process. This is because the braking torque is
proportional to the square of the armature current. To
slow down the process of self-excitation in the second
stage, you can enter the delay switching stages.
However, this will significantly increase the time
required to achieve the required braking force when
braking at a low initial speed.

The advantages of such a system include the lack
of a constant power source for the excitation windings
of electric motors. The disadvantages include the
formation of characteristics (Fig. 4) that are more
suitable for braking on gradients, slow self-excitation,
especially at low speeds, the lack of smooth adjustment
of the braking force, the dissipation of all braking
energy on the braking resistors.
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Fig. 3. Scheme of electrical braking during operation of the electric motor by a sequential excitation generator
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Fig. 4. Braking characteristics of the electric braking system during operation of the electric motor by a series
excitation generator

On electric rolling stock, electrical braking
systems with adjustable self-excitation are widely used
[5]. In such systems, the excitation current of electric
motors is regulated during braking using a pulse
converter supplied from the armature winding (Fig. 5)
or part of the braking resistor. The system generates
braking characteristics in the high-speed region as with

independent excitation of electric motors (Fig. 6), and in
the low-velocity zone the braking region with wider
independent excitation.

The disadvantages of a self-excited system include
a decrease in braking efficiency at low speeds and the
dissipation of all braking energy on braking resistors.
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Fig. 5. Electric circuit of adjustable self-excitation of a traction motor
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Fig. 6. Braking characteristics of electrical braking systems:
— when the electric motor is operated by an independent excitation generator;
--- with adjustable self-excitation of the traction motor

To increase the technical and energy efficiency of
electric rolling stock, a variable structure electric
braking system is proposed. Such a system provides a
structure at the initial stage of braking, in which the
electric motors operate with sequential excitation
generators, and then the excitation current of the
generators is automatically controlled using a DC-DC
converter by shunting the motor excitation windings by
the input of this converter [7] (Fig. 7). In this case, the

energy taken from the field windings is transmitted
through a DC-DC converter for own needs. At low
speeds, when the excitation current is equal to the
armature current, the resistance of the braking resistor
gradually decreases due to shunting by a transistor
operating in pulse-width modulation mode.

Thus, it provides an increase in braking efficiency
in the low-speed zone and improves the energy
performance of the traction electric drive.
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Fig. 7. Variable structure electrical braking system diagram

Conclusions

The paper analyzes the technical and energy
characteristics of the most frequently used in practice
systems of electrical braking, their disadvantages are
indicated. A system of electric braking with a variable
structure and DC motors with sequential excitation,
which has the best technical and energy performance, is
proposed.

Such a system provides a structure at the initial
stage of braking, in which the electric motors operate
with sequential excitation generators, and then the
excitation current of the generators is automatically
controlled using a DC-DC converter by shunting the
drive excitation windings of the electric motors by the
input of this converter.

The proposed electric braking system allows to
improve the energy performance of the traction electric
drive.
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AHAJII3 XAPAKTEPUCTUK CUCTEM EJEKTPUYHOI'O I'AJIbMYBAHHS EJIEKTPOPYXOMOI'O
CKJIALY
B.A. T'epacumenko, B.€. ILmtorin, M.I. IlImika
XapkiBChKHUI HAIIIOHANBHUH YHIBEpCUTET Micbkoro rocmoaapctsa imeni O.M. BeketoBa, Ykpaina

Tsz06i enexmponpusoou 3 O8USYHAMU NOCMIUHO20 CMPYMY NOCHIO08HO20 30VO0JICEHHS 3HAUWAU UWUPOKe
3ACMOCY8AHHA HA HA3EMHOMY MICbKOMY eNeKmMpUYHOMY mparcnopmi. Tpaouyiiino enekmponpueoo pesynoemvcs
NYCKOBUM DEOCMAmom 3 UKOPUCHAHHAM NePeMUKAHHS YepYNno8anb 08uzyHie. IIpu eiekmpuuHomy eanbMy6aHHi
MA2081 OBUSYHU NEPEBOOAMBCA 8 2eHEPAMOPHULL PeXCUM I iX MOMEHM peanizyemuca y 6uaaoi 2anbMisHoI cunu Ha
0600i pyxomoeco koaeca. Ilepesacamu ereKmMpuiHO20 2aTbMY8AHHS 6 NOPIGHAHHI 3 MEXAHIYHUM € MOJICTUBICIb
3a6e3neuents CMan020 pexcumy 2aibMy8aHHs, GIOCYMHICMb Hazpigy 6AHOAHCi8 [ KOJIOOOK, BUCOKA HAOIUHICMb
npoyecy 2anbMy8aHHsl, 3HUNCEHHS eKCNIYAMAyiuHux eumpam Ha 2anbmieny cucmemy. Ak npasuno, Ha
€eKMpPOPYXOMOMY CKAAOI BUKOPUCTOBYIOMb KOMOIHOBAHE 2aibMy6anisi — pekynepamusno-peocmamue. OOHAK,
Peocmamuo-KOHMAKMmMopHe pecynio8ants (PYHKYIOHANbHO NO2AHO BIONOBIOAE BUMO2AM YACMUX NYCKI8 MA 3YNUHOK
MPAHCROPMHO20 3aCc00Y. 3HAYHI 6Mpamu enepeii 8 peocmamax ni0GUWYIONMb 3HOC KOHMAKIMHUX ZPYA.

YV pobomi npoeedeno amaniz mexHiuMUxX ma eHEPIeMUYHUX ~XAPAKMEPUCMUK — HAUOLIbU
BUKOPUCMOBYBAHUX HA NPAKMUYI CUCTEM eNeKMPUYHO20 2ANbMYBAHHS, 6KA3AHO IX HedOomiKu. 3anponoHo8aHo

uacmo

cucmemy eleKmpUYHO20 2AIbMYBAHHS 31 3MIHHOIO CIPYKMYPOIO Ma 08USYHAMU NOCMILIHO20 CIPYMY NOCTI008HO20
30Y021CenHs, AKA MAE Kpawi MexHiuHi ma enepeemudni NOKA3HUKU.

Memorw pobomu € nioguwjeHHs MEXHIYHUX U eHEePeeMUYHUX XAPAKMEPUCMUK CUCTeMU eNIeKMPUYHO20
2aIbMYBAHHI MICLKO20 eNIeKMpPOopyXomMo20 CKIA0y HA OCHOGI pe3yibmamie aHanizy HatOiibul NOWUPEeHUx cUucmem
ENeKMPUUHO20 2ATbMYBAHHA 3 O8ULYHAMU NOCMIUHO20 CIPYMY.

Taka cucmema 3abesneuye cmMpyKmypy HA HOYAMKOGIU cmaoii 2anbMmy8aHHs, Npu AKil eneKmpoosucyHu
Npayoms 2eHepamopamy HOCIi008HO20 30Y0iceHH s, a NOMiM 8i00Y8AEMbCs ABMOMAMUYHE Pe2YII08AHHSL CINPYMY
30y0oicennss  2enepamopie 3a donomozoro DC-DC  nepemgopiosaua wiisxom WYHMYBAHHA 6X000M UYbO20
nepemeaopiosaya 0OMomox 30Y0)ceH s eleKmpPOoOBUSYHIE.

3anpononosana cucmema eneKmMpUUHO20 2ATbMYBAHHS O003605€ HNOKPAWUMU eHepemUyHi NOKA3HUKU
Ms208020 eNeKMPONPUBOOY.

Kniouosi cnosa: enexmpoosuzyn, 0omomxu 30y0)ceHHs, eleKmpuiHe 2anbMy68anHs, eHepeemuyHi NOKA3HUKU,
8UCOKOUACMOMHULL NEPEeMBOPIOsaH.




