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MIXED SIGNALS BASED CONTROL OF A SIC VIENNA RECTIFIER FOR ON-BOARD BATTERY CHARGERS
[ L

The main aim of this work is to investigate the feasibility of implementing a low-cost mixed-signal based control D% D’% D%
solution for a SiC three-level Vienna rectifier addressing electric vehicle on-board battery charger applications. The S
proposed solution allows to achieve almost unitary power factor operation as well as higher control loop
bandwidths and lower total harmonic distortions in comparison with standard all-digital implementation using low-
cost digital platform. A detailed description of the combined digital-analog approach is provided, as well as an
experimental validation of the proposed solution for a 12kW on-board battery charger.

This work deals with the implementation of a suitable control strategy for the AC/DC stage, realized by a three
phase Three-Level Vienna Rectifier (3L-VRECT), whose circuital scheme is shown in Fig. 1a ,according to the four
modes of operation displayed Fig. 1b. Being a multilevel topology, the 3L-VRECT has the advantage of reducing the
electrical stresses on the power devices, ensuring small current distortion. YL1YLYd STNRGxXxX
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Fig. 1 Circuital scheme of the three
phase Three-Level Vienna Rectifier
(a), and modes of operation of the
phase A as example (b).

- e sinusoidal waveforms of the reference currents are determined by means of a Look Up Table . The signals applied to the
PROPOSED MIXED-SIGNAL CONTROL — The sinusoidal i f the ref t determined b f a Look Up Table (LUT). The PWM signal lied to th
_ _ _ _ _ . _ 332 = bidirectional switches of the power converter are generated by comparing the with a carrier signal from an analog wave generator, as it
The block diagram of the proposed mixed-signal controller architecture is shown in Fig. 2. The e - = . . . . .
: . . (] | Rt 3331 is shown in Fig. 6b. The other three SMEDs are exploited to produce PWM signals whose fundamental harmonic features same
proposed control scheme has been implemented in a digital controller, a STNRG388A by ]y D | g - — = . . o L . .
. . . . . . SEN men gl ias |5l Gom [ e 1 432 o - frequency and phase of , with . The signals irefj (with j=a,b,c) from the SMEDs are filtered by using three analog Sallen-Key second
STMicroelectronics (Table I) based on low cost 8bits microcontroller (STM8) and includes six = e g el =2 F - , . ) . o . :
. , e il - E——— 32— IS order low pass filters. The Sallen-Key architecture is displayed in Fig. 6¢. Finally, the Pl controller of the current loop has been realized
SMEDs “State Machine Event Driven”; (Fig. 3). 2 Ef e voiron] bradon ; ‘ . . .
— iy | 28 e e according to the circuital scheme of Fig. 6a.
C B lTI'H.Ilrl-\.'ll- DETES TOR FHEASE ESTIA TOR E "E_-':;. v "
C R1 \ \ (a) . . o (b) 6 programmable SMED “State Machine Event Driven”
N L N pum | Fig. 5 Block diagram of the frequency P gH. R aton YN Genemation (1305 STNRGxxXx
V(ifeeqd) Vilk o—AN D o REF . . . 1gh Resolution eneration (1.5ns
- i Ve and phase estimation algorithm (a), and
V(irer) © > Vet Vottset ™% e Al P . & . ( ) Transactions triggered by sync/async ext. or int events 5 E {[___ExCEVENT
re state machine configuration (b). : = IR e e
: 4 analog comparators { o o
A a Table [ Technical = Sinusoidal g | ||
e = "R, o SMCD - Pows Comenion Core 4 ADC analog to digital converters Generator Ibref, | | {072 s
TR C T R ; ; . B e
C(s) = K f fz R, 1 e oA = — specifications of the low propagation time (50ns) | A
g Apc(s) = == : ¥ e : e
R, 1+ sCR, = Jaawr O | i+ STNRG388A4 i J\ P Comsma
1 e P ' SR
_ Ry fo = f. = wathemn ey - CARRIER
Kp = R, 2nCiR, 21/ R{C{R,C, e __ GENERATOR ﬁ
] ' " C B
T; = R¢Cy, — e | N : onnection 0 crn o
; nd T : v Current VIENNA C C C
(a) PI Controller. (b) Carrier generator. (¢) 27~ Order LPF Fzg 3 Bloek diagram of P i [ woouator [ 2 ﬁ ey cmgrea |

STNRG3884 nsr

Ry
Vik  o—AAA—

CURRENT
SENSING

T IREF C
—

Fig. 6 Main blocks of the analog current controller.

The block diagram of Fig. 4 provides a graphical representation of the functions implemented in the SMED, in the microcontroller and

by the external analog circuit. The algorithm carrying out the phase and frequency estimation of the grid voltage vector is - ! b —
implemented in the STNRG388 according to the scheme shown in Fig.5. The voltage control loop is sequentially executed in the

STNRG388 as well as the generation of the reference currents irefj (with j=a,b,c).
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Fig. 4 Block diagram of the proposed mixed-signal control
implementation.

Fig.2 Block diagram of the proposed controller architecture.

650V), as bidirectional power switch in the three legs of efficiency is about 98,4%. Fig. 12 displays the efficiency and power factor curves vs — Vo (sec)
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the converter. E the DC output power, with constant DC output voltage.
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REAL-TIME EMULATION OF A THREE-PHASE VIENNA RECTIFIER [ e
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The activity deals with the accomplishment of a FPGA-based dynamic model of a three-phase Vienna Rectifier controlled in order to feature unity power factor operations. Such a model has been developed for the Hardware In
the Loop (HIL) implementation of a test rig in which the power converter is replaced with an embedded system using a FPGA board. The proposed approach has been fostered mainly to test different converter control algorithms
in a fast and safe way. Such solution is based on a software platform environment with a high-level abstraction that ensures a good trade-off between accuracy and hardware resources, also allowing a fast prototyping

= MONITORING 1» 9' gl
procedure. The results obtained by the HIL implementation have been compared with those of a fully hardware experimental rig, confirming a very good agreement in terms of accuracy and dynamic behavior. ‘ AV ‘ P%EOIEC 5
Control Board FPGA Board HE— Y
The HIL shown in Fig. 1 combines the mathematical model of the power converter with actual control v
board, such that the control algorithm performs as though it were integrated into the real system. For s L= b CONVERTER MODEL u
testing and development of the control algorithms, the control board and associated software are S MACHINE 1§§
connected to the mathematical model of the power converter, which is executed on the FPGA board in | LocAL | [ REMOTE

real time. Both boards are interfaced by electrical signals representing in the forward path the
switching commands to drive the Vienna rectifier. The plant model calculates the physical variables that
represent the outputs of the plant, which are converted into electrical signals which are sent back to the
control board.
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