FipHu4Ya enekmpomexaHika

pactipezneneHus Harpy3ku. Kpome Toro, rmpuMeHeHHE NPHBOAOB C OBICTPOXOAHBIMHU JIBUTATEISIMHU YIPOIIAET
IIPOIIECC COIIACOBAHUS IMOJIOKEHUM POTOPOB, TaK KAaK OTHOIIEHUE HECOIIACOBAHHOH BEIWYHMHBI BHYTPEHHETO
yria A6,, K TOTpenrHoCTH MOHTaXa A0, 00paTHO MPOITOPIIMOHANBEHO YaCTOTE BPAIICHHMS IBUTATEINS U MPSIMO
MIPONOPLUOHATIBHO YUCITY MOIICOB.

OcoOEHHOCTHIO TMHAMUKH JIBYXIBUTATEIbHBIX ITPUBOJIOB SIBJISIETCS BOSMOKHOCTh BO3HUKHOBEHHS BBIHY K-
JICHHBIX KOJeOaHUi, BBI3BAHHBIX HAKOIUIEHHOH OMIMOKON B 3y04aTOM 3alleTUICHUH.

[IpumeHeHne crienHaNbHBIX MY(PT ITOHMKEHHOW JKECTKOCTH TO3BOJIIET Oojiee paBHOMEPHO pacIpeleinTh
Harpy3Ky ¥ OrpaHU4UTh €€ JUHAMUYECKYIO COCTABIISIOIIYIO.
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RESEARCH OF THE POWER EFFECTIVENESS OF THE TRACTION
ELECTROTECHNICAL COMPLEX MOTION TRAJECTORY REALIZATION IN A
TROLLEYBUS WITH PEAK MOTOR EFFICIENCY

Introduction

The requirements imposed on traction electrotechnical complex are increasing day by day. This is ex-
pressed in raising evaluation of quality, ease of implementation, efficiency, reliability and performance when the
necessary criteria for optimality [1] are met.

The control systems of traction electrotechnical complex (TEC) of city electric transport are diverse. They
are formed by power electric circuits, which include traction DC motors and devices, machines and converters
and auxiliary circles, which include auxiliary electrical machines, heating and lighting devices.

Considerable part of the trolleybuses, operated in the cities of Ukraine, are equipped with rheostat-contact
control systems (RCCS) of traction complex [2], the simplified structure is given in Fig. 1.
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Fig. 1. The structure of the electrotechnical complex of trolleybus with RCCS

Such control systems of traction electrotechnical complexes have certain advantages: simplicity of con-
struction and repair, relatively high controllability. They are characterized by some disadvantages: significant
weight and dimension parameters, have high level of electrical energy losses in the resistors.

Development of power semiconductor technology has allowed a new quality mode control system of trac-
tion motors: thyristor-pulse, later — transistor-pulse [3] regulatory system, which simplified structure shown in
Fig. 2.

Transfer to noncontact pulse control system significantly changes the scheme and the working conditions of
traction complex of trolleybus, improving the traction performance and enhancing economic efficiency of elec-
tric traction. Stepless control provides automatic control of the engine, allows to obtain any traction characteris-
tics. Soft start reduces energy loss and improves acceleration of trolleybus at start without increasing engine
power, simplifies power circuit trolley. These control systems provide work of traction complex of trolleybus
type ZYU-683, 14 Tr [3].
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Contact network —m Filter | Block contactors—®{ Pulse converter | —#» DC motor

Fig. 2. Structure of the electrotechnical complex of trolley with pulse control system

Analysis of existing traction electric drive control systems has shown that different ways to improve the ef-
ficiency of TEC are used. For example, changing the way the engine excitation [4], we can extend its function-
ality, improve efficiency and reliability. Using additional devices at Tetko work in general, such as batteries [5],
we can obtain higher energy-saving characteristics. In the existing control systems these issues are dealt with
separately, but the problem of developing effective trajectories for maximum engine efficiency in transistor-
pulse control systems is considered insufficiently.

The aim is to analyze the power effectiveness of the trajectory of the traction transistor-pulse electrotech-
nical trolleybus complex for maximum efficiency.

Material and research results
Analysis of modes of trolleybus TEC operation will be considered by the example of a schematic power
circuit of TEC with transistor-pulse control system (Fig. 3) [5].
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Fig. 3. Principle scheme of TEC with pulse control system

The scheme allows to realize the modes by changing the switching circuit elements (Table 1).

Table 1.
Mode switching semiconductor circuit elements
Mode VT1 VT2 VT3 VT4 VT5 VTé6
Moving forward in the full magnetic flux 1 0 0 0 0 PWM

Moving forward with the weakening of

the magnetic flux 1 0 0 PWM 0 1

Deceleration 0 PWM 0 0 0 1

The problem of definition of good control consists in finding the optimal dynamic modes of electric-
transport operation. Optimal control of complex electrotechnical trolleybus can significantly improve its perfor-
mance.

To implement the control law of transistor-pulse system for maximum engine efficiency according to [7]
analyzed and the parameters of optimal movement of trolleybus: the traversed path x, speed v and acceleration a
are adjusted according to the following laws:

S2(3T -2t ) 6S1(T —1) 6S(T —2t)
X= , w= ; a=
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T3 T3 T3
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where T - cycle time; t - time of pause; S - cycle path.

For the calculation of loss and efficiency of traction complex in the implementation laws of optimal control
a TEC with pulse control system was simulated.

Fig. 4 shows a principal scheme and the equivalent circuit of DC Motor, using which calculation of the DC
Motor in the development of mathematical models in the environment Matlab was conducted.
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Fig. 4. Schematic diagram (a) and equivalent circuit (b) DC motor sequential excitation, respectively

The scheme model of TEC with pulse control system (Fig. 5, ¢) the DC Machine block shows DC motor
DK-210 with nominal parameters: U = 550 V; P, = 110 kW; n, = 1500 rev / min; My = 3900 rev / min; Ih

=220A, 1. =185A.
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Fig. 5. Schematic model TEC with impulse control system
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Transistors VT1, VT2, VT3, VT4, VTS5, VT6, shunted diodes, are part of the pulse converter. Subsystem
Definition KPD (Fig. 5, b) calculates efficiency of the motor by the expression:

F, mech Mo
TR U ?
el a
where M - moment of resistance; w - angular frequency of rotation of the motor; /, - armature current; U - volt-
age armature.

According to Table 1 and the set of trajectories of change of speed (1) subsystem Reference Signal
(Fig. 5, a) generates the control signal, pulse-width modulation and the pulse distribution to control terminals of
transistors.

The experiment resulted in obtaining characteristics of transients in TEC of trolleybus in the mode of accel-
eration (Fig. 6) and the mode of deceleration (Fig. 7) by changing the control signal of pulse converter to a para-
bolic law (1). In Fig. 6, d and Fig. 7, d a zone of the highest efficiency considering of published data DC Motor
DK-210 can be observed.

At low speed (less than 40 rad/s) in acceleration and deceleration modes an ineffective mode of TEC oper-
ation is observed (Fig. 6, 7). At high speed, especially in the mode of deceleration, a decrease in performance of
TEC operation can be seen (Fig. 7, d).

rad/s

d
d
Fig. 6. Characteristics of the motor Fig. 7. Characteristics of the motor
at the mode of acceleration: at the mode of deceleration:
a) the angular speed b) the armature current; a) the angular speed b) the armature current;
c) the moment of resistance d) motor efficiency ¢) the moment of resistance d) motor efficiency
Conclusion

1. The simulation of TEC with pulse control system has been made and the characteristics of transients in
the acceleration and deceleration modes for parabolic optimal control law have been obtained.
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2. An order of switching gates of semiconductor pulse converter and modes for optimal control of traction
electrotechnical complex of trolleybus have been determined.

3. In the mode of acceleration and deceleration at low speed of traction electrotechnical complex of trol-
leybus there is ineffective operation.
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MOJAEJIIOBAHHS ITO3AIITATHUX PEXKUMIB POBOTHU CUCTEMMU IHBEPTOP —
ACUHXPOHHMH JIBUTYH TATOBOI'O EJIJEKTPOTEXHIYHOI'O KOMILIEKCY
JABOCUCTEMHOI'O EJIEKTPOBO3A

Beryn. TsroBuii eJ1ekTpOTEXHIYHUI KOMIUIEKC €JIEKTPOBO3IB 13 CHCTEMOIO HAIIBIPOBIAHUKOBHUII NIEPETBO-
pIoBay — aCMHXPOHHUI IBUI'YH € OJHHMM i3 HNEPCHEKTHBHHX, HE3BaXKAIOUM HA PO3BUTOK €IEKTPOBO300YyIyBaH-
Hs [3]. HamiiiHiCTh MX KOMILIEKCIB BU3HAYAETHCSI, HACAMIIEPEe, HOPMaIbHUM (DYyHKIIOHYBaHHSIM 1HBEPTOPHOr'O
[IepeTBOPIOBaYa Ta ACHHXPOHHOTO TATOBOTO ABUIYHA. [IpHKIagoM elIeKTpOBO3iB 3 BUKOPUCTAHHAM TAaKUX TEX-
HIYHUX pillleHb MOXYTh OyTH MarictpaibHi nBocucTeMHi enektpoBo3u EI110, ET120. Bynb-sikuii TAroBuid KOM-
IUIEKC M€ MO3aIITaTHI PEKUMH POOOTH 3 MOJATBIINM MOKIMBUM TIEPEPOCTAHHAM iX B aBapiiHi y pasi MoMuIi-
KOBOTO CIPALIOBAHHS €JIEMEHTIB CHCTEMH KEepPyBaHHS, BUXOMY 3 JIaly OKPEMHUX CHJIOBHX OJIOKIB, eEKTPUYHUX
K Ta eneMmeHTiB [5]. CucreMu KepyBaHHS, IIMMHU €JIEKTPOBO3aMH MAlOTh HMIMPOKI (PYHKI[IOHATBHI MOXIIUBOC-
Ti [2], omHaK BOHM HE MarTh BY3IiB ineHTH(]ikalii mo3amTaTHol curyaii. ToMy (yHKI[IOHYBaHHS TSTOBOIO
ENIEKTPOTEXHIYHOI0 KOMILIEKCY EJIEKTPOBO3a HE MOXKEe OyTH sSKICHMM Oe3 pillleHHs 3a[ad4i OLIHKH HeIITaTHHX
CHTYyaliil 3 HOTOYHHUM YU MOJAJIBIINM 1X aHami3oM. OTKe, aKTyalbHOI 3a/1aueto € JOCIIKSHHS apaMeTpiB pe-
KHUMY POOOTH CHIIOBOI CXEMH TATOBOT'O €JIEKTPOTEXHIYHOTO KOMIUIEKCY €IeKTPOBO3a y IMO3AIITaTHUX CUTYaLisX.

MeTta po6oTH. AHaNI3 CTPYKTYPH TATOBOI'O €IEKTPOTEXHIYHOIO KOMIUIEKCY IBOCHCTEMHOIO eJIeKTPOBO3a,
po3pobKka Mozemi KOMIUIEKCY Ta AOCTIKEHHS PEKUMIB poOOTH y O3aIITaATHIX CHTYAIi SX.

Martepian Ta pe3yJbTaTH J0CTil:KeHb. Ha moyatky po3BUTKY enekTpudikaiiii BITYN3HIHOI 3aTI3HUII Ha
€JIEKTPOPYXOMOMY CKJIaJi BUKOPHCTOBYBAJINCH TATOBI KOMIUIEKCH BHKIIFOYHO ITOCTIHHOTO CTPyMY, SIKi MalOTh
CBOI IepeBary (IIPOCTOTa PETryIIIOBAHHS MIBUIKOCTI Ta 00€PTOBOrO0 MOMEHTY TATOBOTO JBUTYHA, poOOTa 3 Tiepe-
BaHTa)XEHHSIM TOIIO). 3 4acOM iX IMOYaH 3aMiHIOBATH Ha OLIBII IMEPCIIEKTUBHI CUCTEMH 31 3MIHHUM CTPYMOM.
Xoua Hapa3i CUCTEMH 3MIHHOT'O CTPYMY HPUHHATI SIK OCHOBHI, CHCTEMH 3 MTOCTIHHIM CTPYMOM TaKOX IPOIOB-
KYIOTh BUKOpUCTOBYBaTH [1]. OOmaBi cucremMu 00'€IHYIOTH 3a IOIIOMOTOI0 CTaHIII CTUKYBaHHA, I€ BimOyBa-
€THCS 3aMiHA JIOKOMOTHBIB MOCTIIHOTO Ta 3MIHHOTO CTpyMy. [lJIs BUKITIOUEHHS IIUX ONEpalliil Ta MPUCKOPEHHS
MIPOIIECY BUKOPUCTOBYIOTH ABOCHUCTEMHI eleKTpoBo3u. CydacHHH piBeHb HAIIBIPOBIIHUKOBOI TEXHIKH JTO3BO-
JISi€ paIlioHaTFHO Ta e(EKTHBHO pealli3yBaTH CXEMHI pillleHHs 000X CHCTEM Ha IIeBHil amapaTHii 0as3i.

Ha puc. 1 HaBemeHO cXeMH CHIOBUX KiJI TBOCHCTEMHOTO €IEKTPOBO3a TIPH JKUBJICHHI HOT0 BiJl MEpexi mo-
CTifiHOTO Ta 3MiHHOTO CTpyMYy. [Ipr po3podIIi CHITOBHX CXeM 0araTOCHCTEMHHX €IEKTPOBO3iB 3aBXKIM Hamara-
IOTBCS SIK HAWOLIbIIIe BUKOPHUCTOBYBATH OCHOBHE TATOBE OOJAJHAHHA 3 METOIO OINTHUMI3allii MacorabapuTHHUX
MTOKA3HUKIB Ta BAPTOCTI KOMIDIEKTY HEOOXiTHIX eNICKTPUIHHX arapaTib.

KitouoBuME eneMeHTamMH, 10 BU3HAYAIOTh MMOOY0BY CHIIOBOI cXeMH (pHC. 1) TATOBOTO €NEKTPOTEXHIYHO-
T0 KOMIUIEKCY, € CHJIOBI HAITliBIIPOBITHUKOBI MPHUCTPOi mepeTBoproBada (Bumpsamintd (B) Tta imBeprop (1)) s
ONITHUMAJBHOI POOOTH IEPETBOPIOBAUiB BHUKOPHUCTOBYIOTH CHEIM(iIUHI CXeMH 3'€qHAHHS ENEKTPHYHUX Ma-
mmH (M) (mozBiiina 3ipka Ha enekrpososi EI110) [2].
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