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Abstract

The paper deals with power electronic two-phaseplsion system with IM/SMPMmotors for electric elhidrives
applications. The proposed system consists of tagesconverter comprises: resonant LLC converteh wiC output,
two-phase matrix converter commutated by HF AC tinpoltage, and two-phase induction/synchronous msoto
Such a system with AC interlink, in comparison witirently used conventional system configuratifesures a good
efficiency of electronic converters (due to sofitaving of both converters) and also good torqueesp characteristics
of two-phase AC motors. Results of simulation coethbdo experimental verification carried-out onese dn good
accordance between them.

MOZLIWOSCI DWUFAZOWEGO PRZETWORNIKA MOCY W NAPEDACH
ELEKTRYCZNYCH DLA ZASTOSOWAN W TRANSPORCIE

Streszczenie

Artykut dotyczy zastosowania dwufazowego przeksikatmocy w naglach z silnikiem indukcyjnym lub silnikiem
synchronicznym z magnesami trwalymi (z ang. IM/PMSNa urzdzei transportowych. System ten skiada
si¢ z: przetwornika rezonansowego LLC z §em AC, dwufazowego przetwornika matrycowego kmmartego
napicciem wejciowym AC o wysokiej egtotliwasci i z dwufazowego silnika indukcyjnego/ synchromégo.
Proponowany system cechuje shniejsz ilosciq urzgdzei potprzewodnikowych, wlisz; sprawndgcig przetwornikéw
mocy oraz doly charakterystyk mechanicza dwufazowych silnikbw pdu zmiennego w poréwnaniu
z konwencjonalnymi systemami. Wyniki z symulaciiz oich weryfikacja na podstawie wynikéw z laborator
przedstawiaj dobry accordance.

1. INTRODUCTION - BASIC PRINCIPLE OF TWO-PHASE MOTOR PROPUL SION SYSTEM
1.1 Why two-phase propulsion electronic system?

Classical electric drive for electric vehicle wAIC motors (e.g. Toyota Prius [1]) is shown

in Fig. 1.
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Fig. 1. Block diagram of EV drive with boost corteer DC link, 3-phase VSI inverter and 3-phase Agan

In spite good properties of that, the 2-phase pgeipu system offers also some further advantageddsic scheme
is depicted in Fig. 2.
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Fig. 2. Block diagram of EV drive with two 1-phassl inverter system and 2-phase AC motor

Such a two-phase system denotes by much highesféraed power (2.6-times) and by better utilization
of emiconductor switches (~ 2-times), [2], [3]. €Fh is no need a boost converter, since the phalsage of each
of single-phase inverters is exactly 2-times higiat of 3-phase inverter phase voltage. Also, &phinduction motor
has starting torque 4- times higher than nomina B4, [5] since 3-phase motor just one. Two sipbkse inverters
instead of one 3-phase inverter have, of coursawlolick of higher number of semiconductor switcl&dnétead 6).
Therefore, there are in the next text, presentetidu modification of two-phase inverter systenmémlect or to decrease
mentioned disadvantage.

2. NEW CONCEPTSOF ELECTRONIC CONVERTERSFOR EV DRIVES

One of the new concepts is presented in Fig. 8onisists of two half-bridge VSI inverters suppliedm capacitor
divider. The number of semiconductor switches ibstantially smaller (4 instead 8) but the capacitivider should
be bulky. Therefore, the next solutions are basedAC high frequency interlink with simply half dde inverter
for supplying of the VF transformer. One such aisoh is depicted in further Fig. 4.
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Fig. 3. Block diagram of EV drive with two singlbgse half bridge VSI inverters and 2-phase AC motor
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Fig. 4. Block diagram of EV drive with two singlbgse half bridge matrix converter and 2-phase AGomo

Propulsion systems with AC HF interlink needs AC/AfBat means matrix converters equipped by bidweat
switches. The reverse blocking IGBT transistors (RBT) can be used as switches connected antiphtalleach other.
So, instead of 4 diodes have to be there 4 additi®@B IGBT. On the other hand, the commutationhein is naturally, so
switching losses of the matrix converters are minga. Also, HF transformer operated with hundredz krequency, is
surely smaller the two bulky capacitors in previcaanection (Fig. 3).

To decrease the switching losses to minimum oigerecessary to use the soft switching of inpueiter. One of the
possibility is using of resonant LLC converter Bewsn in Fig. 5.
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Fig. 5. Block diagram of EV drive with LLC converteF transformer, two single-phase half bridge matonverter and
2-phase AC motor

2.1 New concept of electronic drive for EV application
New concept of electronic propulsion system for &plication different to [1], [2] is shown in Fif.
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Fig. 6. Circuit diagram of EV drive with LLC conver, HF transformer, two single-phase half bridgatrix converter
and 2-phase AC motor

The proposed concept consists of a of resonant ddr@erter [6], [7], [9] small coupling HF transfoem(~200 kHz),
DC or AC link, two single-phase matrix convertemialfbridge connection and 2-phase induction/PMchyonous motor
[8]. Contrary to common scheme with 3-phase inveatel 2-phase motor, Fig. 7, the scheme with ACliklEEhas some
advantages in spite of bigger number of the switche
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Fig. 7. Circuit diagram of EV drive with direct Diihk (without capacitor divider), 3-phase invertand 2-phase AC
motor

469

Logistyka 3/2012



Logistyka - nauka

AC link version need not smoothing filter (inputpeaitor); due to soft switching of both convertérs configuration
features a better efficiency of the converters éueling on switching frequency) and also good torspeed
characteristics of two-phase AC motor. Its outmltage is not restricted.

Drive concept shown in Fig. 7 is lighter but it ogies with hard commutation, so its efficiency bansmaller and its
output voltage cannot reach the maximum value Esge to full width of voltage pulses.
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Fig. 8. Concept of propulsion configuration witkeetronics system given in Fig. 6 and two 2-phasenvf€el motors

Computed mechanical torque-speed characteristicsaftous value of the motor frequency are depiatefeig. 9.
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Fig. 9. Torque-speed characteristics for variouslueaof the motor frequency; dashed line — requedtedtion
characteristic

Torque-speed characteristics, verified by expertalemeasurements have been done and given in JA}fs good
accordance between computed and measured wavefasn |

3. CONCLUSIONS

As mentioned the AC link version of propulsion é&tenic system need not smoothing filter (input cajma); due to
soft switching of both converters the configuratfeatures a better efficiency of the converterpéieling on switching
frequency) and also good torque-speed charactsristitwo-phase AC motor. Its output voltage valarsnot restricted.

Based on configuration in Fig. 6 is possible toigleconcept of electronic propulsion system forreh wheels.
Proposed concept is suitable for synchronous wineébrs. For induction motor propulsion system igensuitable to use
one asynchronous traction motor for common driveath wheels.
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