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Introduction

In recent years, the demand for the efficient povegverters has
Increased rapidly.

1So0, both the converter topology and its controinees more
complex to enhance the quality of power conversion.

I’Festing these power converters is a difficult task.

Conventual tests are very dangerous and time-cangum
JHardware-In-The-Loop (HIL) simulation is the desi®olution.



Why HIL Simulation

JIndustry is constantly developing products

I Those products require designing & testing

—IModeling and Simulation lower development cost smprove the
performance

ossible to inject different failure condition & aartainties.




the rectifier with IGBTSs, which significantly redec
harmonics and allow regenerated power to be feH
to the supply.
) IGBTs are devices whose switching is controlled
electropically — hence the term “active” front end.
) The active front end monitors the input current
wayeform and shapes it to be sinusoidal, reduatal
onic distortion (THD) to 5 percent or less.

Rea-Time Simulation Models Actin-Front
end (AFE) rectifier

) An active front end (AFE) drive replaces the diontes
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Fig. Three-phase Active Front-End
(AFE) rectifier.



Switching logic of the half bridge arm

SWITCHING LOGIC OF A HALF-BRIDGE ARM.
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Simulink model of rectifier bridge with chok




Design Parameters

Main parameters used for the AFE model

MName Value

Grid peak phase voltage V,; 323V
Grid frequency fg S0 Hz
Choke inductance L 1 mH

Switching frequency fea 10kHz
DC bus voltage 73 TOOV




Code Generation for FPGA

Simulink model of the grid, the choke and the femtbridge used in the
HDL code generation for the FPGA
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Current Control Model

Current control Simulink model used in C code gatien for the DSP
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The HIL hardware with Digilent Zybboard
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Terminal Program

Interface

& SW28069 downloader 0.37

% Downloader

Communication

Port: COM5 v

192.168.1.47

1413

ose.

Programming data

[] Program with BOOT Jumper
Program file:
[C:\wod(\Demolab\work\code]

o

O

Status

X

~== Downloading Started @! ==-
4/13/2022 4:08:50 PM

= Downloading Started @! ==-
Port opened!
Ping DSP: APP running!
Reboot DSP:0
AP file readed!
APl sent!
AP| started!
Flash sector 7 erased!
Flash sector 6 erased!
Flash sector 5 erased!
Flash sector 4 erased!
Flash sector 3 erased!
Flash sector 2 erased!
Flash sector 1 erased!
Program file readed!
Calculated SW CRC = 160A
Program sent!
Reboot DSP:0
Done!
Port closed!
~== Downloading Ended @! ==-
4/13/2022 4:09:12PM

== Downloading Ended @! ==~

Progress:

Programming softwaretool for DSP



Terminal Program Interface

M HIiTERM JiTERM - Service mode
Setup Meonitor Tool About S Tool Ab
\T1/{T2/T3/T4/15 /16 {17 /18,79 {710/ TL\T2/T3 /1415 /76 {17 /18 {719 {T10/ :itUP Jool About
“\psp (0)/ “\psp (0)/ p o \Write f\Read / \ Write \Read /
Name IVaIue I Name Value \FPGA (O)J \FPGA {O)I
cnt_1ms 39233 Status
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f 50.0000000 CPLDOut.GPOUTO 0
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delay 0 Status Slowln 0x1
Status 15 Fail Ude 700
AnalogChé, value(0 701.3431000
ol : Encoder la 15.58154
Iref[1] 0.0000000 ~ LEDs Ib 15.79736
SV 1 Ampl [ -31.39697
Kpi 25000000 1
Kii 0.0700000 Freq . . |Uge 155.4213
Idq.re 28.9418800 ACHA1 Ugb 170.8125
RED 160 Udc Uge -326.2656
FED 160 U
afe_2018b_DSF_P.TBPER 4000 9
ahe_J016t DIF_F.TOFERZ = Communication timeout. Trying to resend message to the slave device...1 A
Oth tab and max.min values (non-user related) from DSP-0..0K ~ Communication timeout. Trying to resend message to the slave device...1
Loading Coff file C:\work\D emolab\work\codegen\afe 20185 DSP.out for DSP-0...0K v
19 |CAwork\Demolab\work\co¢ C:\work\Demolab\work\codegen\afe_2018b_DSP.out COM4 0

(2) (b)
Interface for DSP side (a) and FPGA side (b)




Simulation Result
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\Basic)\Development { General | Whatever {DbaOst - 1 DbgOsc - 2/\Dbg0sc - 3 Dba0sc -4/
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Simulation Result Cont.

File  Control  View  Window
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(2) (b)
Three-phase current time function wherethe d direction reference current is 30A with deadtime O psec
from the 4-channel scope (a), from the FPGA side (b)



Simulation Result Cont.
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©) (b)

from the 4-channel scope (a), from the FPGA side (b)

Three-phase current time function wherethe d direction reference current is 30A with deadtime 2 psec



Conclusion & Future work

. The HIL simulation framework has been developedéat-time
testing of the AFE rectifier control algorithms

] The system exhibited realistic behaviors
1 The control model can be extended

A non-ideal grid model with a grid impedance andhianics to
create more realistic behaviors in the HIL system.







