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lMpumeHeHne NnaBHOro 6€e CKOHTaKTHOIro
peryauMpoBaHuns A4Jisi 3J1IeKTPONoe3408B
TpebyeT ynpaBsieHUsl TAroBbIM
npuBOAOM C y4€TOM OrpPpaHNYeHumn

no npo,qoanoii ANHaMuke, TO eCcTb

M0 MHT@HCUBHOCTU HAPAaCTaHUS CUJIbI
TArn yCKOpeHus noes3aa rnpu ero
TporaHuun. 3Ta 3agayqa pewiaeTcs

B cucrteme yripaBsieHusi C NOMOLLbIO
3aparoLuero asieMeHTa, peasn3yiowero
orpaHu4YyeHusl No UHTeHCUBHOCTU
HapactaHusi yckopeHus. [lpuseneHa
6510Kk-cxema, obecne4ynBaroLlas
peanunsauunio 3Toro Kputepus

Ha unppPoBbIX 3/IeMEHTaXx.

KnroueBsie cnoBa: xene3Hasi 4opora,
rnpoAaoJibHas AnHamvka, I'lyCKOBOl7I PEXUM,
BJ1IEKTPOMNOE3A, TArOBbIV 3/1EKTPONPUBOL.
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PY aBTOMATU3ALIMH TSITOBBIX 2JIEKTPO-
MIPUBOMIOB MaCCaXXUPCKOTO TOIBIXK-
HOTO COCTaBa HEOOXOAMMO YIUTHIBATh
KPUTEPUM 10 BO3AECUCTBUIO YCKOPEHUS U 3a-
MEIJICHMS TToe3a Ha MmaccaxupoB. DTO 0CO-
OCHHO BaXKHO JUIS MOTOP-BarOHHBIX 3JICKTPO-
MO0e370B TIPUTOPOTHOTO COOOIIECHHUS U TT0e-
310B METPO, MOCKOJBKY 3/IeCh CI0XMIACh
YyeTKasl TeHACHIIMS K CHIDKCHUIO Taphl Baro-
HOB U MOBBIIIICHUIO MOIIHOCTU TSATOBBIX
aJieKTpoaBurareseii. B akcruryaranym HaOm0-
JaeTCsI TAKKE YBEJIMYCHUE 3aTI0JTHEHMSI Baro-
HOB ITaccakupaMu, HO OMTHOBPEMEHHO ITOBBI-
IaeTcsl HEPaBHOMEPHOCTD 3aMOJHEHUS
M0 JUIMHE COCTaBa, YTO MOXET OBITh YUTCHO
BECOBBIMU JaTYMKaMU (aBTOPEXKUM), yCTa-
HOBJICHHBIMU Ha KaXKIIOM TEJIEXKKE.
CyllecTBeHHBIIT MOMEHT B PEryJInpoBa-
HUM 3JIEKTPOIIOE3I0B — O0eCIeYeHUEe CUH-
XPOHHOTO YIIpaBJIeHUS MOTOPHBIMU BaroHa-
MH. DTO TPOUCXOIUT MPU MUHUMYyME IIPO-
JOJbHBIX yeuauii F, B aBrocLenke noesna,

YTO COOTBETCTBYET KPUTCPUIO

F, . —min(0<t<t ) (D)

-
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Puc. 1. Kpusbie 3agaHHoro
nepexoaHoro npoyecca

perynmpoBaHusi Toka:
a, 6, B — INHEeNHbIN,
9KCMOHEHLMaNbHbIA

M KOMOUHUPOBAHHbIV
3aKOHbI U3MEHEeHUS TOKa;

r — KpMBasi U3MEeHeHUs Toka
Aans anekrponoesga 3/46;

A — YCTPOICTBO AJ1s reHepauuu
3a/aaHHOV KPUBOW N3MEHEHUST

I'JINH

TOKa.

U

U'(L1)

rae t, — JJIMTETbHOCTh MEePEeXOJHOTO Mpo-
ecca.

MoXHO BBECTU TakXe WHTErpaabHBIA
KpUTEepUN

| Fi(t)dt — min,
0

ITpuyem B ciydae uaeaabHONM CUHXPOHM-
3alMu 00a KpUTEepUs IPUHUMAIOT HYJIEBOE
3HAYCHUE.

IIpu cryneHuatom peryaupoBaHuu [1]
uaeajabHass CMHXPOHM3allMs HEBO3MOXHA.
IIpu maaBHOM peryJMpoBaHUU MOXKHO TakK
OTJIAIUTh CUCTEMY CUHXPOHHOTIO YIIPaBJICHMS
MOTOPHBIMM BaroHaMu, YTOObI KaXXIbIi
M3 9TUX KPUTEPUEB CTPEMMICS K HyIT0. Pac-
CMOTPHUM 3TO Ha IPUMEPE MOTOP-BarOHHOI'O
1oe3/1a, y KOTOpOro BarOHbI M3-3a pa3IndHO-
ro 3amoJHeHMsI UX MaccaXupaMu MUMEIOT
pasHbie Mmaccel M, M ,...M. Torna npu
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MOMOIIM aBTOPEXKMUMHBIX YCTPOUCTB MOXHO
3aJaTh IJI1S1 K&XKJ10TO MOTOPHOTO BaroHa MH-
NUBUIAYyaJIbHbIE YCTABKMU MYyCKOBOTO WJIU
TopmosHoro toka I, , I,,,...I., mponopumo-
HaJbHO BaroHHOU Macce. Eciam KaxxnpIii Ba-
TOH JBUKETCSI HE B COCTaBe Moe3/a, a caMo-
CTOSITEJIbHO, MOJYYMM JIJIS1 HETO MPOI0JIbHbIE

YCKOPEHMUS

L _F-W

i b}
M,(1+y)

rae F,, — cuna 14ru, cooTBETCTBYIOLIAs TOKY

I,;; W, — conpoTHBIIeHHE IBMKEHUIO; ¥ — KO-
3 OULIMEHT MHEPLMHY BpalllaloIMXCsl Macc.

[TockonAbKYy O 3JTEKTPOIMOE37A0B

Fy >>W, n F;,; =1, , To Ha ocHOBe (2) T0-

JIY4YUM paBCHCTBO YCKOpCHI/Iﬁ BaroHoB

)

3)
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YTO 3KBUBAJIEHTHO YCJIOBUIO MUHUMU3AIINH,
T.€. PaBEHCTBA HYJII0 000MX BBEICHHBIX BBIIIE
KpUTEpPHUEB, KOTOPbIE B JAHHOM CTyyae OKa-
3bIBAIOTCSI HEMPOTUBOpeUYuBbIMU. M3 (3)
CJIelyeT, 4TO, MOCKOJIbKY BaroHhbl Ioe3na,
HE CLEIUIEHHBbIE MEXIY CO00M, TBUXYTCS
C OIMHAKOBBIMU TTPOJIOJIbBHBIMU YCKOPEHUSI-
MU, TO U B COCTaBe Toe3aa OyaeT odecrieuyeH
TaKO# Xe PeXWM, TO eCTh IIPU OIMHAKOBOM
MX YCKOPEHWU YCWIMS B aBTOCLIENKaxX OymayT
PaBHBI HYJIIO.

MuHUMU3a1NsT BBEIEHHBIX KPUTEPUEB

obecrevyeHa B KBa3UCTAllMOHAPHOM PEXKHU-
Me TTIOCTOSTHCTBA TOKOB JIBUTATENICH ITPU
11=I31; 12=I32;"'; In=I3n’
YTO HEOOXOMMMO OOECIEYUTh U B EPEXOI-
HBIX peXXrMax U3MEHEHUS CUJI TSTU U TOP-
MOXKeHUs, Hanboyiee XapaKTepHbIM U3 KO-
TOPBIX SIBJISIETCS PEKUM BKITIOUYCHUS TATO-
BBIX IIBUTATEJield TIpU TPOTAaHUU IMoe3aa
C MOCJENYIOIIUM MTePEX0I0M K YCTAHOBUB-
memycst pexumy L=I, [2]. AHanus cucrem
MOKa3bIBaeT, YTO 3/1€Ch BO3MOXHBI TPHU
THIIa KPUBBIX ITEPEXOI0B K 3aJJaHHOMY 3Ha-
YeHUIO ToKa (puc. la), ¢ 3KCIMOHEHIINAIb-
HBIM HapacTaHUEM ToKa (puc. 10), TuHeu-
HBIM HapacTaHWEM U CTJIaXXUBAHUEM TTepe-
X0/la K KBa3MyCTaHOBUBIIEMYCS PEXUMY
Mo dKCHOHeHTe (puc. 1B).

JIuHeliHOe NU3MEHEeHUEe TOKa XapaKTepu -

di
3yeTCs ITOCTOTHCTBOM IIPOU3BOIHOM Z u,

F
CJI€O0BAaTCIbHO, _t , YTO DKBUBAJICHTHO

MOCTOSIHCTBY MHTEHCUBHOCTH HapacTaHUS

YCKOpeHUsl. MUHUMAaIbHO TOTYCTUMOE

BpeMsI Iepexona K 3alaHHOMY TOKY PaBHO

aly, Ei _ , (4)
Mh  h

rae a, — IMYCKOBOE yCKOpPEHME Moe3aa

(o6b1yHO 0,8-1,2 M/c?);

h — mpenesbHO MOMYCTUMOE 3HAUYECHUE
WHTEHCUBHOCTH M3MEHEHUSI YCKOPEHUS,
puyeM uMeeM
h<(0,5+0,7) m/c>. (5)

HenocTtatok TMHEHOTO 3aKOHA COCTO-
UT B pE3KOM IEPEXOJAC K KBa3UCTallMOHap-

HOMY PEeXHUMY B TOUYKe A, rge —— = .

dt

B T0 ke BpeMs B psime paboOT IO MPOHOJb-
HOU IMHaMUKe IIpeIiaraeTcss HOpMUPOBATh
W BTOPYIO NMPOM3BOMHYIO OT YCKOPEHUS,
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OTPaHMYUB €€ TIpeaeIbHBIM 3HAUCHUEM:
. dh
h =—<(1=+L5) m/c. (6)
dt
DTO BO3MOXHO ITPU 3KCIIOHCHIINAIb-
HOM HapacTaHWU TOKa

It)=1,(1-e7). (7)

IIpu aTOM MOCTOSSHHYIO BpeMeHUu T
9KCITOHEHTHI MOXHO OIPEACTUTh U3 YCIIO0-
BUS
T2t A

M, di,

XOoTs mepexon K KBa3ucTallMOHApHOMY
PEXUMY BBIITOJHSIETCS IJIABHO, HETOCTAaTOK
9KCIIOHEHIIMAJbHOTO 3aKOHA MPOSIBIASIETCS
B CJIMIIIKOM OOJIBIION NJIUTEJIbHOCTH IIepe-
XOIHOTIO Ipoliecca, KoTopas MpUu MPOYUX
PaBHBIX YCIOBUSX MPUMEPHO B 3 pa3a 00J1b-
1Ie, YeM Npu JMHeiiHOM 3akoHe. Hengocra-
TOK MOXET YCTPaHUTh MPUMEHEHUE KOM-
OMHUPOBAHHOTO 3aKoHa (puc. 1B), KOTO-
pBIi Ha HayaJbHOM dTalle MepeXoIHOTro
npoliiecca OyaeT JMHEHMHBIM, a Ha 3aKJIO-
YUTEJbHOM — BKCIIOHEHIMaAbHBIM. s
oInpeaesieHUus KOOpAMHAThl TOUKHU COIPSI-
XKEeHUS - U MOCTOSIHHOMW 3KCHOHEHTHI

(8)

BOCITOJIb3yeMcst yeaoBueM (5) u (6), B pe-
3yJIbTaTe Yero MojayyuM CUCTEMY ypaBHE-
HUH, pelieHrue KOTOpOi AaeT

h2
a- =an ——
h
)
e
h

Takum o6paszoM, MepexoaHyI0 KPpUBYIO
o puc. 1B ¢ TapamMeTpaM¥ ITO BBIPAKEHUIO
(9) cnenyeT MCIOIB30BaTh KaK 3aJaHHYIO
KPUBYIO TIEPEXOIHOTO TIpollecca, peaan3sy-
€MOTO0 CHCTEMO aBTOPETYIMPOBAHUS MO-
TopHOTO BaroHa. [Ipu ee peanrm3aunu
C TTOMOINIBIO CHJIOBOTO MCIOJHUTEIHLHOTO
3JIeMEHTa — aBTOHOMHOTO MHBEPTOpa WU
MMITYJIBCHOTO TIpeoOpa3oBaTelisi BCTpeda-
eMCsI C TPYAHOCTBIO PEryJIMPOBaHUs TOKa
B HaYaJIbHBII MOMEHT, ITOCKOJIBKY OOBIYHO
CUJIOBBIC TIpe0oOpa30oBaTeIn NUMEIOT OTpa-
HUYCHUS 10 HIDKHEMY TWaIla30HY PeryJIu-
poBaHUs HanpskeHus (okoso 4%).

OnIHaKO B PeTyJIMPOBAaHUU CHJIBI TATU
C HYJISI HET HEOOXOAUMOCTHU, MO0 MPU TPO-
TaHWU 3JICKTPOIIOE31a ¢ UMITYJIbCHBIM pe-
TYJIMPOBAHUEM MOXET OBITH ITOIYIIEeH Ha-
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YaJIbHBIH CKaYyOK CUJIBL TSTU U YCKOPEHUSI,
IIPUMEPHO COOTBETCTBYIOLINII MAHEBPOBOIi
MO3UIMH 3JIEKTPOIOE3/1a C KOHTAKTOPHO-
PEOCTATHBIM PEryJMPOBAHUEM.

[To3TOMY MOXHO JOMYCTUTb HauaJIbHBII
CKa4YOK YCKOPEHUSI
a,=(0,2+0,25) m/c?, (10)

KOTOPOMY OTBCYACT HadYaJlbHad CuUjia TATn

MOTOPHOTI'O BaroHa

F,=M(1+y)a,+W~ M(1+y)a,. (1)
C Y4€TOM OTOIO 3agaHHad KpuBad IIC-

pPEXOAHOTO IMpouecca HpI/IOGpeTaeT BUL

no puc. Ir, a ee mapaMeTpbl MOTYT OBLITh

BBIUUCJIEHBI 110 OpMYIaM

e
h
=1

_hTM(1+y)
s dF

dar
dF
5(13—10)—hTM(1+7)

< HTM(1+7)

Ha puc. 1Ir mokasaHa 3Ta KpuBas, pac-
CYMTaHHasI IJis 3JIeKTporioesna DJ16.

IIpn mcnoib30BaHUM KPUBBIX PACCMO-
TPEHHOTO TUIIA B JTI0O0 MOMEHT MepPeXo/ -
HOTO Tpoliecca CoXpaHseTcs IMPOIoPIHO-
HaJIbHOCTb 3HAYEHUM CHUJIBI TSITH OTIE/Ib-
HBIX MOTOPHBIX BAarOHOB WX MaccaM,
BCJIEICTBME YETO U B IIEPEXOIHBIX pEXXMMaX
JIOCTUTAaeTCs BBIMOJHEHUE YCIOBUIA CUH-
XpoHu3anuu. To ecTh, B MEePEXOIHBIX pe-
KHUMaxX peryJupoBaHUsT CUHXPOHU3ALMUI
yIIpaBJeHUsI BaroHaMu obeclieynBaeTcs
nyTeM BBIOOpa OAMHAKOBBIX AJUTEIBHO-
CTeW mpolecca nepexoaa K KBa3ucTaluo-
HapHOMY pexXxuMy. M3 ycioBKst OTMHAKOBO-
CTH BpEeMEH MepeXOIHBIX ITPOIECCOB Y BCexX
BaroHOB ITO€3/a CJIeAYET, YTO OIpeaeeHe
napamMeTpoB KpUBO# 1o puc. Ir cieayeT
MPOBOAUTH TaK:

— 3apaHee B ITpoliecce MPOEeKTUPOBAHUS
CUCTEeMBI PaCCUMTHIBACTCI KpHUBas Iepe-
XOJHOTO TMpollecca JJiss HOMUHAIbHOTO
3HAaYeHUs MacChl BaroHa;

— TMPU KaXJIO0M BKJIIOYEHUU TSATOBBIX
JIBUTaTeJIeii B COOTBETCTBUM C (haKTHUYE-
CKO¥ Maccoii BaroHa, KOCBEHHO 3amepsie-
MO 1O MOKa3aHMUSIM BECOBBIX TAaTYMKOB
B LIEHTPAJIbHOM PECCOPHOM ITOABEIINBA-

1, 12)

HUM, TIPOMOPIIMOHAIBLHO U3MEHSIOT T1apa-
metper [, I mt .

CueTHO-pelaroIee yCTpoMCTBO ISl TeHe-
paluuy 3Tol KpMBOii moKazaHo Ha puc. 11. OHO
CONIEPKUT FTeHEPaTOp JTMHEIHOTO M3MEHSIIOIIIe -
rocst B GYHKIIMYM BPEeMEHU HaMpPSKeHUS
(TJTMH), Ha ynpaBasioluii Xoa KOTOPOIro
TTOCTYTIaeT CUTHAJI 3aITyCKa OT KOHTAKTa KOHTP-
oJutepa MmamnHucTa KM, 3aMKHYTOTO Ha BCex
TTO3UIINSIX, KpOME HyJIeBOI. BbIXomHOI curHas
I H noctynaeT Ha HETMHEWHBIN (hyHKIINO-
HaJIbHBIN MTpeodpazoBaresib HOIT, monenmmpy-
OIINIA KPUBYIO 110 puc. 1T. BeixomgHas Benmiam-
Ha HOII, Tto ecTh u*(t), mepeMHoOXaeTcs
B MHOXUTEJIBHOM YCTPOMCTBE C BEJTUIMHOMN

u(l,) /U, , IpOIOPLIMOHATBHOM 3afaHHOMY

MYCKOBOMY (TOPMO3HOMY TOKY) I, Tipuuem
U, — MpenenbHoe 3HaY€HNE BBIXOIHOTO Ha-

m;

npsekeHuss HOII, To ects u*(t) mpum t—co.
BoixonHast BeTuurMHa MHOXKUTETBLHOTO YCTPOIi-
CTBa MPOMOPLMOHATBbHA TTPU 3TOM OTHOCH-
TEJIbHO KPUBOIl MO pUC. IT ¢ y4eTOM Macchl
BaroHa.

BwiBoabl. PaccMoTpeHHOE yCTPOMCTBO
0 pUC. 11 peKOMEHTyeTCs UCTIOJIb30BaTh B CO-
CTaBe 3a/IaI0IIero JeMEHTa B CUCTEME aBTO-
MaTUYECKOTO PETYJIMPOBAHUS TATOBOTO 3JIEK-
TponpuBoa [4]. OHO MOXET ObITh BBITIOJTHEHO
Ha MUKPOCXEMaX aHaJIOTOBOT'O TUTIA, HO ceifyac
1esiecoodpasHeit HUGPOBOH MPUHIIN peaiv-
3anuu [5, 6], B TOM 4uciie TPOrpaMMHBIM
€crocob6oM Ha 6OPTOBOM MUKPOTIPOLIECCOPE.
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ACCOUNTING FOR LIMITATIONS OF LONGITUDINAL DYNAMICS IN
REGULATION OF ELECTRIC TRAIN STARTUP MODE

Feoktistov, Valery P., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Nevinsky, Aleksei V., Bombardier Transportation (RUS), Moscow, Russia.
Nazarov, Dmitry V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Application of non-contact soft regulation for elec-
tric train requires control of traction drive taking into
account the restrictions on longitudinal dynamics, i.e.
the intensity of increase in traction of train’s acceleration

when it starts moving. This task is solved in a control
system using a master element that implements restric-
tions on the intensity of acceleration growth. A block
diagram is shown that provides the implementation of
this criterion on digital elements.

Keywords: railway, longitudinal dynamics, startup mode, electric train, traction drive.

Background. In automation of traction drives of
passenger electric rolling stock it is necessary to
consider a criterion for the effects of acceleration
and deceleration of the train on passengers. This is
especially important for motor-car electric com-
muter trains and subway trains, as here a clear trend
to decrease dead weight of cars and to increase the
power of traction motors has been formed. Under
operation mode itis possible to observe an increase
in cars’ filling with passengers, but at the same there
is an increase in uneven filling along the length of a
train, which can be taken into account by weight
sensors (auto mode) mounted on each bogie.

Objective. The objective of the authors is to
investigate limitations of longitudinal dynamics,
applicable to regulation of electric train startup
mode.

Methods. The authors use comparative
method, analysis, diagram construction, evalua-
tion approach.

Results. The essential point in the regulation
of electric trains is provision of synchronous ope-
ration of motor cars. This occurs in case of mini-

mum longitudinal forces F, in an automatic cou-

pler of a train, which corresponds to the criterion
F pmax—>min( 0<t<t ) (1)

where t, is duration of transition process.
It is possible to introduce an integral criterion

’P
j F,(t)dt — min .
0

And in case of perfect synchronization both
criteria become zero.

At step regulation [1] perfect synchronization
is impossible. In modulating control, it is possible
to debug a system of synchronous control of motor
carsin such a way that each of these criteria tends
to zero. Let’s consider it using as an example
motor-wagon train, the cars of which because of
different filling with passengers have different
masses M, M,,...M,. Then using auto mode de-
vices it is possible to set for each car individual
settings of starting or braking current |, I ,,,...1,,,
proportional to the mass of the car. If each car is
not moving in the train, but on its own, we get
longitudinal acceleration for it

— Fal _VVI

ai_ y
M,(1+y)

where F, is traction force, corresponding to the
current l,; W, is resistance to motion; y is inertia

coefficient of rotating masses.

(2)
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As for electric trains F; >>W, and F, =1,

then on the basis of (2) we get an equation of cars’
acceleration

a,;=a,=...=a,, (3)
that is equivalent to the minimization, i.e. both
criteria introduced above, which in this case are
consistent, are equal to zero. From (3) it follows
that, since cars, not coupled with each other, move
with the same longitudinal accelerations, then in
the train the same mode will be provided, i.e. with
the same acceleration forces in their automatic
couplers will be zero.

Minimization of introduced criteria is provided
in the quasi-stationary mode of constant current
in the motor when
112131’. /2=I32,'...,‘ In:I.’in’
which should be ensured also in transient modes
of changes in traction and braking forces, most
characteristic of which is the switch-on mode of
traction motors when a train start moving with a
subsequent transition to the steady mode =1, [2].
System analysis shows that there are three types
of transition curves to the specified value of the
current (Pic. 1a), with an exponential current rise
(Pic.1b), linear rise and smoothing the transition
to the quasi-steady mode exponentially (Pic.1c).

Linear current change is characterized by

dF .

7 &’ which

is equivalent to constancy of intensity of accelera-

tion rise. The minimum allowable time of transition
to the given current is equal to

o di
constancy of derivative — , and hence,

F a

i 4

W h (4)

where a_is startup acceleration of a train (usually

0,8-1,2m/s?);

h is maximum permissible value of intensity of

acceleration change, and

h<(0,5+0,7) m/s®. (5)
The disadvantage of a linear law is a sharp

transition to a quasi-stationary mode at point A,

I3

aly,

dh
where E=oo . At the same time in a number of

works on the longitudinal dynamics it is proposed
to normalize the second derivative of acceleration,
restricting its limiting value:

h =%s(l+l,5) m/s*. (6)
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Pic. 1. The curves of a given transition process of current control, where a, b, c - linear, exponential and
combined laws of changes in the current; d — a curve of change in current for electric train ED6; e — a device to
generate a given curve of change in current.

This is possible with an exponential current rise Although the transition to a quasi-stationary

i mode is performed smoothly, the disadvantage of
1®)=1;(1-e7"). (7)  an exponential law is manifested in the very long
duration of the transition process, which is ce-
teris paribus approximately 3-fold greater than
with the linear law. The disadvantage can be
(8) eliminated with the use of combined law (Pic.1c),
which at the initial stage of the transition process

Thus the time constant T of the exponential
function can be determined from a condition

rslo dF
M, dI,
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is linear, and at the final — exponential. To deter-
mine the coordinates of the coupling point t. and
constant exponential function we will use the

condition (5) and (6), resulting in a system of equa-
tions which solution gives

h2
ac =04y ——~
h
9
" (9)
T=*..
h

Thus, the transition curve of Pic.1c with the
parameters of expression (9) should be used as a
given curve of the transition process, implemented
by a system of auto regulation of a motor car. With
its implementation using the power actuator —
autonomous inverter or pulse converter we en-
counter difficulty in regulation of current in the
initial moment, since usually power converters are
limited in the lower range of voltage control (about
4%).

However, there is no need for regulation of
traction from the ground up, because when an
electric train starts moving with pulse control initial
step of traction force and acceleration can be
admitted, roughly corresponding to the shunting
position of an electric train with contactor- rheostat
control.

Therefore, we can assume the initial accelera-
tion step

a,=(0,2+0,25) m/s2, (10)

which corresponds to the initial traction force of a

motor car

F,=M(1+y)a +W= M(1+y)a,, (11)
Taking this into account given curve of the

transition process takes the form of Pic. 1d, and its

parameters can be calculated by the formula

r=2
h
]E=[3_% (12)
di
dF
L= 1,)=hTM(1+7)
t =
¢ HTM(1+7)

Pic. 1d shows this curve, calculated for the
electric train ED6.

When using curves of the considered type in
any moment of the transition process proportiona-
lity of traction force values of certain motor cars
remains to their masses, due to which in transient
conditions the implementation of synchronization
isachieved. Thatis, in transient modes of synchro-
nization regulation of cars’ control is provided by
selecting the same duration of transition to a
quasi-stationary mode. From the condition of

similarity of transition processes times in all train
cars, it follows that the definition of parameters of
the curve according to Pic. 1d should be con-
ducted as follows:

— in advance during designing of the system a
curve of the transition process is calculated for
nominal values of car’s mass;

— in every switching on of traction motors in
accordance with the actual weight of the car, indi-
rectly measured by indications of weight sensors in
central spring suspension, proportionally change
parameters |, | andt .

Computing device for the generation of this curve
is shown in Pic. 1e. It contains a generator of linearly
changing voltage in a function of time (GLIN), a control
course of which receives a startup signal from the
contact of the driver’s controller driver (DC) closed at
all positions except zero. The output signal of GLIN goes
to the nonlinear function generator (NFG) modeling a
curve according to Pic. 1d. The output value of NFG,
that is u*(t) is multiplied in a multiplier with a value

u(1,)/ U, proportional to the set starting (braking

current)l,, and U, isalimitvalue of the outputvoltage
of NFG, i.e. u™(t) at t—>x. The output value of the mul-
tiplier is proportional relative to the curve according to
Pic. 1d taking into account the weight of the car.

Conclusions. Considered device shown in
Pic. 1e is recommended to be used as a part of a
driving element in the system of automatic control
of traction drive of an electric train [4]. It can be
manufactured using electronic chips of analog type
but now digital implementation principle [5, 6] is
more expedient, particularly using software for on-
board microprocessor.
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