ADMINISTRATION, MANAGEMENT AND CONTROL

/YI[K 62838

Maesen BECEJIOB

A

il

i
il Pavel A. VESELOV

The Choice of Solutions for Modernization
of Control Circuits of Metro Cars’ Engines
(Tekct ctatbu Ha aH. 3. — English text of the
article — p. 188)

Cpean npuopuUTeTHbIX Npobsem

AJ1S1 MeTpornoJsiInTeHa — rnoBbilUeHue
aHeproagppekTMBHOCTH, fOCTUraeMoe
B TOM 4YuCJie 3a CHeT NPUMEHEeHUs
peKkynepaTuBHOIr0 TOPMOXXEHUSI.
CraTtbsi NocBsiLLeHa NPoeKTy,
pa3paboraHHomy B HaunoHasibHOM
uccsieqoBaresibCKOM YHUBepCcUuTeTe
«M3W» n npeanonararoLiemy
UCMOJIb30BaHNE B CXeMe yrnpaB/ieHUs
ABurartesnssMmu meTpoBaroHoB IGBT-
TPaH3UCTOpPOB. JeMOHCTPpUupyemMbli
BapuaHT NpuU3BaH MNOMOYb [OCTVKEHUIO
uesoro psiaa npenMyL4ecTs,

a YHU@uLunpoBaHHOCTb Npeas10)KeHHOro
NMPUMEHUTESIbHO K CEPUNHBIM BaroHam
81-717/14 peweHns No3BosseT A4atTb
«HOBYIO XXU3Hb» BaroHaMm, KOTopble

He BbIpaboTann cBOVi pecypc, HO YbU
TEeXHU4YeCkne BO3MOXXHOCTU MOPaJIbHO
ycTtapesiu Ha poHe HOBOro rnoKoJsieHus!
noesgoB u COBPeMeHHbIX TPeboBaHUI K Nx
aKcryaraunu.

Knwo4esble c/ioBa: METPOMOJINTEH,
pekynepauus, IGBT, uenu ynpasneHus
ABurarerisi, sHepreTun4yeckast 3 PeKTMBHOCTb,
mMoaepHU3aLms noesaos.
|

NPOBJIEMBbI YIIPABJIEEIA

BbiOOp peLueHun ans
MoAepHu3auum ueneun ynpasJseHUs
ABUraTenen MeTposaroHoB

Beceaoe Ilasea Arexcandposur — acnupanm kagedpot
21eKMPOMeEXHUHECKUX KOMNACKCO8 A8MOHOMHbIX
006eK1mM06 U 31eKmpu1ecK020 mpancnopma
Hayuonanvhoeo uccaedogamenscko2o yHugepcumema
«M3H», Mockea, Poccus.

HBEHTApPHBII TapK MOCKOBCKOTO

MeTtpormnoyiuteHa Ha 1 suBaps 2013

rojga CoCTOSJa MPEUMYIIECTBEHHO
(Ha 66%) u3 BaroHoB cepuu 81-717/14 u ux
moaudukauuii [1]. JJlaHHBIA BUIL UMEET peo-
CTaTHO-KOHTAKTOPHYIO CUCTEMY YITPaBJICHUS
TaroBbiMu MatHaMu (TM) 1 He Tipemycma-
TPUBAET BO3MOXHOCTU PEKyNEepaTUBHOTO
TopMmoxeHust (PxT), uTo Ha ¢oHE HOBBIX
TTOKOJICHU ! BATOHOB KaK OTEUYECTBEHHOTO, TAK
¥ UMIIOPTHOTO MTPOU3BOACTBA ONITUMU3Ma He
BbI3bIBaeT. HecoMHEHHO, OOHOBJIEHUE TIOM -
BrkHoro coctapa (ITC) orcraeT ot moTpe6HO-
CTel «TOJ3eMKU» U, B YaCTHOCTH, OT TEMITOB
pocTa HOBBIX TUHUIA [2].

B 3THX yCIOBUSIX M C yIETOM aKTyaTbHOCTH
npoo6sieM 93Heprod @ EKTUBHOCTU METPOITOIU-
TeHa v ipuMeHeHus1 PKT momyyuiy nonoaHu -
TEJTBHBIN UMIYJIBC UJIEU MOJIEPHU3AIUU UC-
TOJIb3yeMbIX BaroHOB. [1p1 pa3paboTKe HOBBIX
CUJIOBBIX CXEM U 1IeTIeli YIIpaBJIeHUsI IBUTATE-
Jielt ocoboe 3HaueHue oTBoawioch PKT, yemy
CMOCOOCTBOBAJT OMBIT YCIEIIHON 3KCIUTyaTa-
WU HaKomuTellel anmekTposHeprun (HD) Ha
taroBoit noactanuum (TIT) T-23 ¢punesckoit
JIMHUU MOCKOBCKOTO METPOTIOJINTEHA, TTOKa-
3aBIINiA, 9YTO ycTaHOBKa HD mo3Bonmia yac-
TUYHO CTJIAIUTh rparK SHEPTOMOTPEOICHUS,
CHM3UTD ITPOCAIKY HanpskeHWs Ha iimHax TT1
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Puc. 1. Cxema cunoBbix yeneii BaroHa
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Puc. 2. lMpuHumMnnanbHas cxema CUJ1I0BbIX
ueneii BaroHa MeTporosiMTeHa ¢ ynpas/ieHuem
MyCKO-TOPMO3HbIM conpoTtusneunem IGBT npu

peKkyrnepaTuBHOM TOPMOXXEHUU 1 110CJie40BaTes/IbHbIM
coeny TAroBbIX

¥ TIOBBICUTDH DHEPTETUYECKYI0 HalEeXKHOCTh
TATOBOTO 2JICKTPOCHAOXKEHMST, COKPATUB K TO-
MY 3Ke IOTPEOIISIEMYIO Ha TTOBOM ITOACTAaHIINHI
MouHocTb Ha 13,4% [3].

YuutbIBast BO3MOKHOCTY HOBOM 3JIEMEHT-
HOI 0a3bl, a TAKXKe He TOJIyUYMBILIE pacipo-
CTpaHeHUsI, HO TO3UTUBHO MOKa3aBIIIeii ce0s
Ha ucnblTaHusx [4] cxembl ¢ TPK (puc. 1) s
BaroHoB MeTporoauTeHa 82-717/14 8 MO
OBLIO TIPUHSITO pellleHUe pa3BUBATh MPOCKT
¢ 3ameHoii TPK na IGBT TpaH3ucTOpHI
(puc. 2, 3) [5].

Henocrarku moseBbIX TPaH3UCTOPOB 3a-
CTaBJISLIA TIPOU3BOAUTENICH CUIOBBIX ITOJIY-
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Puc. 3. MpuHuynnuanbHas cxema CU1I0BbIX
uenevi BaroHa MeTpornoJIMTeHa c yrnpassiieHunem
nycKo-TOPMO3HbIM conpoTtusnenmem IGBT npu

peKynepaTuBHOM TOPMOXEHUU 1 napasinesibHbIM
coeanHeHNeM TIroBbIX MaLLUH.

IIPOBOAHUKOB UCKATh KOMIIPOMUCCHOE peliie-
HUE, M03BOJIsIIONIee 00beIMHUTD JOCTOMHCT-
Ba TpaH3uctopoB MOSFET u OumosgpHbIX
TpaH3ucTopoB dapnunrrona. B konue 80-x
rOJIOB IIPOILIOTO BeKa ObLIO CO3JaHO IepBOe
MMOKOJIeHUEe OUIMOJISIPHBIX TPAaH3UCTOPOB
¢ uzonupoBaHHBIM 3aTBopoM (IGBT —
Insulated Gate Bipolar Transistors), a B Ha4a-
s1e 1990-x — BTOpoe 1 TpeThe IMTOKOJICHNUS. DTH
npubopsl 00beAMHUAN B cebe CBOMCTBaA
MOSFET u 6unossipHbIX TPaH3UCTOPOB (Ma-
J1asi MOIIHOCTD YIIPaBJICHMSI, BbICOKAs CKO-
POCTbh KOMMYTALIMU, IIPSIMOYTOJIbHAs 00J1aCTh
06e30I1acHOI paboThI, CITOCOOHOCTH JIeCTBO-

Becenog 1. A. BbiOOp peLlieHun ans MogepHU3aumvm Lienen ynpaeneHns gBnratesien MeTpOBaroHOB
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Puc. 4. 9nektpomexannyeckas alr
XapaKTepucTuKka Toka BaroHa
Ia=f(v) npn TopmoxxeHnn. v KM/
40F

BaTh MapaieIbHO 0€3 BHIPAaBHUBAIOIINX
9JIEMEHTOB, Majoe MaJeHue HaTPSKEeHUS
B OTKPBITOM COCTOSIHUM, BBICOKOE TPENETh-
Hoe HampstkeHue), uto caenano IGBT mpa-
KTMYECKU MIeaTbHBIM CUJIOBBIM KJTFOUOM [6].
DJIeKTPOMEXaHUUECKNE PACUETHI MyCKO-
TOPMO3HBIX XapaKTePUCTUK MPOEKTa BaroHa
¢ HOBoO#1 cxemoit yripasienus Ha IGBT mpo-
JIEMOHCTPUPOBATIM MHOTOOOEIIAIONINE TTOKA-
3aTesu. 3a CUET BHICOKOU YaCTOTHI MEePEKITIO-
YEHUSI KJII0Ya TPAH3UCTOPA XapaKTepUCTUKU
TIOJTy4al0TCs TUIaBHbIE ((DAKTUUECKU MTPSIMBIE),
YTO TIO3BOJISIET TOBOPUTH O TIOBBIIIIEHUN 00-
e TIaBHOCTH X014, a TakKe 3 (PEeKTUBHO-
CTU TOPMO3HOTO TIpoliecca Py MIABHOM pe-
TYJUPOBAHUU TOPMO3HOU cuibl (puc. 4),
B TOM YHCJIE€ U B 30HE BBICOKMX CKOPOCTEM
JIBUKEHUSI, TEM CAMbIM YBEIMUUBasi KOM(op-
TabeJIbHOCTH ISl TTACCAXKUPOB U YIIPOIas
yTpaBJieHUE COCTABOM JIJISI MAIITMHUCTA.
Henuirne oTMeTUTD, YTO HA MOMEHT Ha-
MYCAHUsS CTaTbU TIO BCEMY MUPY pa3InyHbIE
BapuaHThl TPUMEHEHUST PEKYyNEePaTUBHOTO
TOPMOXEHUSI, B TOM YHCJIE C UCTIONh30BAHUEM
€MKOCTHBIX HaKOTIUTENeH, aKKYMYJISITOPHBIX
Gatapeil UM KUHETUYECKUX HAKOMUTENEH
sHepruu [ 7], ObITM MHOTOKPATHO UCTIBITAHBI,
a B HEKOTOPBIX CTpaHax 0Opesn HeoCTopu-
MblIit ipuopurteT [8]. Apkum mpumepom sBIIs -
I0TCSI TIOACTAHLIMM PEKYTepalnu JIeKTPOI-
Hepruu HESOP, ubn niesieBbie 9KOJIOTUIECKIE
rnokasareiau B EBpore BKITIOYAIOT cokparie-
HUE DHEePTronoTPeOIeHUST MTOABMXKHOTO COCTa-
Ba Ha 15% [9]. Bce 310 rOBOpUT O MepcrieK-
TUBHOCTH BarOHOB METPOTIOJIUTEHA, TTPEITYC-
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MaTpuBaIIUMX BO3MOXHOCTb PKT, a camy
pEeKyTepaluio JefaeT OMHUM U3 00s13aTelb-
HBIX KPUTEPUEB MOBBIIICHNS SHEeProadhek-
TUBHOCTH TPAHCITOPTA.

Jist MakcuMantbHOM 9(h(heKTUBHOCTU CXeM
ynpasnenus Ha [GBT npu MmoaepHuzanmmn
BaroHOB 0COOYI0 BaXXHOCTH IIPUOOpeTaeT
moadOp CUJIOBBIX DJIEMEHTOB.

YuuThIBast MeperpynnupoBKyY ABUTATEIEH,
3HAUEHUS TOKA W HATIPSDKEHUS B 1IETIH, T10
KaTaJiory Ha o(puraaIbHOM MHTEPHET-caiiTe
kommanuu Semikron [10] Hamu GbuUT BEIOpaH
monyib SKM600GA176D. OH BblmoHEH
B kKoprtyce SEMITRANS-4 u no texnonorun
Trench IGBT 3-ro mokoineHus, obecrieunBa-
I011Iel CBEepXHM3KHUE cTaTuecKue morepu [11].
I1pu 5TOM HaIO 3aMETUTD, YTO BLIOOP UMEHHO
TaKWX TPAH3UCTOPOB HE MCKITIOYAET B 1ajTh-
HelIeM BO3BMOXHOCTh UMITOPTO3aMEeIIEHUST
¢ 3ameHoit IGBT-Monyneit mpousBoacTBa
kommnannu SEMIKRON Ha oTeuecTBeHHbBIE
anasoru [12].

15t 000CHOBaHMST KOPPEKTHOCTH BHIOOpA
TPAaH3UCTOPA CleJaH TEPMUUECKUI pacyer.
MeTtonuka pacyera MOIIHOCTH pacCesTHUS
VIMITYJIbCHBIX CUJIOBBIX KOMITOHEHTOB CBOJIUT-
Cs1 K HAXOXIEHUIO CYMMbI CTATUYIECKUX U T -
HaMUYeCcKUX MoTepb. TeMmeparypa KpucTa-
JIa TOJIXKHA OTIPEIeNIATHCS C TIOMOIIIBIO Tpadu-
Ka TEerJI0BOTO conpoTuBieHus. McxoqHbimum
JAHHBIMU SIBJISIIOTCSI 3HAUEHUE MOIIHOCTU
TOTEPH 32 UMITYJIBC TIPOBOAMMOCTH U TEMTIE-
paTypa kopryca snemeHTa. [lotepu B momy-
TPOBOTHUKOBBIX MPUOOPAX UMEIOT TUHAMMU -
YeCKMEe U CTATUYEeCKUE COCTABISIONINE:

Becenoe 1. A. BoiGop peLueHui Ang MoaepHU3aLum Lienev ynpaeneHus ABUraTtenieit METpPOBaroHoB



P_=P .
06Ui3 ucéﬁn IHEBT-MOI[YIIH MpOTEKAET TOK
I =330A.

Wcnonb3yst cripaBoYHbIe JaHHbBIE, IS
IGBT-monyneit Tuna SEMIKRON-SKM
600GA176D 1o rpaduKy notepb 3HEpruu Ha
BkoyeHue/Beikmoyenue (E / E =f(Ic))
npu Toke 330 A numeeM:

E =210 MIx — moTepu sHEPTUU TpU
BKJTIOUECHU U

E =130 MIX — mOTepu SHEPTUU TIPH
BBIKJTIOUEHUU.

Tak Kak B ClIpaBOYHOM MaTepuase moTepu
Ha BKJTIOUE€HME /BBIKJTIOUSHUE TIPUBENEHBI TSI
ofHOTO cpabaTbiBaHUSs, a YacToTa paboThl
IGBT-momyns 800 Iix, To:

P .=(E, *E ) f{p=272 Br.

IMagenue HampsKeHUsI, TIO CIIPABOYHBIM
JNaHHBIM, Ha MOAyJie Ipu Temmeparype 125°C
cocrapisaeT V. (SAT)=2,1 B — cienosareib-
HO, CTaTMYECKE TTOTEPU MOIITHOCTU PaBHBI:

= L 0 Vep(0) <k =153 Br.

OO01111e roTepu AJs1 TpaH3UCTOopa:

Poﬁume= PCTaT+ P,HPIH= 425 BT‘

TerutoBoe conpotusnenue IGBT-monyns
Ha MYTU «KPUCTALTI—KOPITYC»:

R, (-¢) = 0,044 + 0,02° C/Br (xpucramn
U paguaTop).

Torma mepenan TemMIiepaTypbl MEXITy Kpu-
CTaJUIOM U KOPITYCOM OyaeT:

Atj-c=P_ = R, (j-¢)+T =43.7°C, rue
T =25°C=298 K.

Temmnepatypa Kpucrtajaia MeHbIIE TOIy-
CTUMOI, TTOCKOJIbKY ITOTaIaeT B JOTTYCTUMBII
WHTEpBaJI, YTO JIaeT TIPaBO TOBOPUTH O Ipa-
BUJIbHOCTU BBIOOpPA TpaH3UCTODA.

SAKJIIOMEHUE

YHUGUIMPOBAHHOCTD MPEIIOKEHHOTO
perieHus ¢ cepuitHpiMu BaroHamu 81-717/14
MO3BOJIIET AaTh «HOBYIO XWU3Hb» BaroHaMm,
KOTOpbIE HEe BEIpabOTAIN CBOM AKCILTyaTalv-
OHHBI pecypc, HO YbM TEXHUYECKUE BO3ZMOXK-
HOCTU MOPAJIBHO ycTapeau Ha (hOHEe HOBOTO
MOKOJIEHUSI MOE€3[0B U COBPEMEHHBIX TPebO-
BaHUM K 9KCIUTyaTallMi MTOIBUXKHOTO COCTABA.
BapuaHT MOAEpHU3MPOBAHHON CXEMBI MEP-
CMEKTUBEH IS LIeTei yrpaBieHus B LEsX
TMOBBIIIEHUS SHEPTroa(PHEKTUBHOCTU METPO-
nonauTeHa, 6o PKT cTaHOBUTCS B HBIHEIITHUX

YCJI0BUAX YHUBCPCAJIbHBIM KPUTCPUEM CHU-
KEHUA HOTpe6J’IeHI/IH QJICKTPOSHECPIUM JIsd
TPAHCIIOPTHBLIX CUCTCM B LICJIOM. To ectb oH
HEHCH €11€ U B CTPATEIr'MYCCKOM ILJIaHE.
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THE CHOICE OF SOLUTIONS FOR MODERNIZATION OF CONTROL CIRCUITS OF
METRO CARS’ ENGINES

Veselov, Pavel A., National Research University «<MPEI», Moscow, Russia.

ABSTRACT

The urgency of the problem of energy efficiency
of metro resulted in multiple studies on the possibil-
ity to use regenerative braking in the metro.

The article analyzes new project developed at
the Department of Electrical Transport of National
Research University «<MPEI» that suggests the use
of IGBT transistors in engine control scheme of

metro cars. This option should contribute to the
achievement of a number of advantages, and com-
monality of the proposed technical solutions in rela-
tion to serial cars 81-717/14 allows to give «new
life» to cars which have not exhausted their service
life, but which technical capabilities are obsolete as
compared to a new generation of trains and modern
technical requirements for their operation.

Keywords: metro, regeneration, recuperation, IGBT, engine control circuits, energy efficiency,

modernization of trains

Background. On January 1, 2013 inventory roll-
ing stock of Moscow metro consisted mainly (66%)
of cars series 81-717/14 and their modifications [1].
This type of cars has a rheostat-contactor control
system of traction machines (TM), and does not allow
regenerative braking (RB), which against the back-
ground of the new generation of cars, both domestic
and foreign, does not cause optimism. Undoubtedly,
modernization of rolling stock (RS) in Moscow metro
lags behind the needs of «underground», and in par-
ticular, the growth of new lines [2].

In this situation and given the urgency of the
problem of power efficiency of metro and RB applica-
tion the ideas of modernization of the operated cars
received additional impulse. When developing new
power schemes and engine control circuits RB was
of special importance, especially due to successful
trial operation of electric energy storage devices
(ESD) in the traction substation (TS) TS-23 of Filevs-
kaya line of Moscow metro, which showed that the
installation of ESD allowed partially to smooth energy
consumption graph, reduce voltage slump on bus
bars of TS and increase energy reliability of traction
power supply, reducing power consumed at TS by
13,4% [3].

Objective. The objective of the author is to con-
sider possible technical solutions for modernization
of control circuits of metro car’s engines with the help
of IGBT.

Methods. The author uses general scientific and
engineering methods, techniques of electrical engi-
neering, comparative analysis, modeling, graph
construction.

Results. Given the possibilities opened with the
expansion of new element base, as well as the suc-
cess of tests of previously developed [4] scheme with
TRC (Pic. 1) for metro cars 82-717/14, though it has
not been implemented, the researchers at NRU MPEI
decided to develop the project with replacement of
TRC with IGBT transistors. (Pic. 2, 3) [5].

Disadvantages of field-effect transistors
forced manufacturers of power semiconductors to
seek a compromise solution to combine the ad-
vantages of field-effect transistors MOSFET and
bipolar transistors of Darlington. At the end of the
80s of the last century the first generation of insu-
lated-gate bipolar transistor (IGBT) was created,
and in the early 1990 s — the second and third
generations. These devices have combined prop-
erties of MOSFET and bipolar transistors (low
control power, high switching speed, rectangular
area of safe operation, ability to work in parallel
without leveling elements, small voltage drop in
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the open state, high limit voltage) that made IGBT
almost ideal power key [6].

Electrical calculations of start-braking characte-
ristics of the project of the car with a new control circuit
with IGBT showed excellent performance. Due to high
switching frequency of the transistor key features are
even (actually straight lines), which allows us to talk
about improvement of the overall smoothness, as well
as of the efficiency of the braking process by modulat-
ing the brake force (Pic. 4), including in the area of
high-speed traffic, thereby increasing passenger
comfort and simplifying train driving for a driver.

It should also be noted that at the time of writing
this article a variety of options for the use of regenera-
tive braking, including using capacitive storage, bat-
teries or kinetic energy storage [7], have been repeat-
edly tested and, in some countries have gained an
undisputable priority [8]. A striking example can be
seen at substations of electric energy regeneration
HESOP, which environmental targets in Europe include
reducing energy consumption of rolling stock by 15%
[9]. All of this allows us to speak about the prospect of
metro cars providing for the possibility of RB and to
regard RB itself as one of the most important criteria
to improve energy efficiency of transport.

To maximize the effectiveness of control circuits
with IGBT, namely during modernization of cars, the
particular importance should be paid to the selection
of power elements.

Given regrouping of engines, values of voltage and
current in the circuit, according to the catalog on the
official web site of the company Semikron [10] we have
selected module SKM600GA176D. This module is
configured in the housing SEMITRANS-4 and with
technology Trench IGBT 3 generation, providing ultra
low static losses [11]. It is important to note that the
selection of these transistors does not exclude op-
portunity of replacement of IGBT modules manufac-
tured by SEMIKRON by domestic analogs [12].

To substantiate the correctness of the choice of
the transistor thermal calculation was conducted.
Methods of calculating power dissipation of pulse
power components is reduced to finding the sum of
static and dynamic losses. The temperature of the
crystal must be determined using the graph of thermal
resistance. The initial data are the values of power
loss per pulse of conductivity and temperature of the
body of the element. Losses in semiconductor de-
vices have two components: dynamic and static:
P _=P !

o Ins(';ai'rcu(/!’tnof IGBT module currentflows|  =330[A].

Using reference data for IGBT modules type
SEMIKRON-SKM 600GA 176D, according to the graph
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Pic. 2. Schematic diagram of power circuits of metro Pic. 3. Schematic diagram of power circuits of metro
car with control of start-braking resistance with IGBT car with control of start- braking resistance with IGBT
at regenerative braking and series connection of at regenerative braking and parallel connection of
traction machines: traction machines:
E1-E4 — engines; T1-T6 — transistors; Rpar — rheostats E1-E4 — engines; T1-T6 — transistors; VD — block
(resistors), involved in the parallel connection of diode; Rpar — rheostats (resistors), involved
traction machines; Rrt — rheostats (resistors), involved in the parallel connection of traction machines;
in regenerative braking; Rpos — Rheostats (resistors), Rrt — rheostats (resistors), involved in regenerative
involved a series connection of traction machines; braking; Rpos — Rheostats (resistors), involved
EC — electromagnetic contactor. a series connection of traction machines.
ofenergy losses in the power on /off(E_ /E =f(Ic)) P, =Pt P, =425 [W]
for the current 330 [A] we have: Thermal resistance of IGBT module in the way

E, =210 [mJ] - energy losses at turning on; «crystal —case» is:

E,_~130 [mJ] - energy losses at turning off. R,(j-c)=0,044 +0,02 °C/W (crystal and radiator)

Since in the reference material losses on/off are Then, the temperature difference between the
given for one actuation and operation frequency of  crystal and the case will be: Vi 2
IGBT module is 800 Hz then: Ati-c=P,, * R, (j-c)+ T ,=43.7°C, where T =25°C {ﬁ

R, =(E, +tE,) - fp= 272 [W] =298 K. 1

The voltage drop, according to reference data, The temperature ofthe crystal is less than accept-
on module at a temperature of 125 °C is V. (SAT) =  able, as it falls in the allowable range, that allows us
2,1 [V], hence static power losses are equal: to talk about the correct choice of the transistor.

Potat=ax* Vol 0) Koy =153 [W] Conclusion. Commonality of the proposed

Total losses for transistor are: technical solutions with serial cars 81-717/14 al-
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lows us to give «new life» to cars which have not
exhausted their service life, but which technical
capabilities are obsolete against the backdrop of a
new generation of trains and modern technical
requirements and tasks of rolling stock operation.
The option of modernized scheme is also promising
for control circuits to improve energy efficiency of
metro, because now RB is a universal criterion for
reducing energy consumption of transport systems
in general. Therefore, itis important from strategic
perspective.
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